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Studv HEtory:  This  study  was  initiated  in 1992 as  Restoration  Project  Number 59 
"Assessment of Genetic  Stock  Structure  of  Salmonids."  The  project  effort  continued  under 
Restoration  Project  Number 93012 "Genetic  Stock  Identification  of  Kenai  River  Sockeye 
Salmon."  In FY94 the  project  was  combined  with  Restoration  Project  Number 93015 into 
the  genetics  portion (94255-2) of  Restoration  Project  Number 94255 "Kenai  River  Sockeye 
Salmon  Restoration." A final  report  for  Restoration  Project  Number 59 was  printed  under 
the  title  Assessment  of  Genetic  Stock  Structure  of  Salmonids. 

Abstract:  Genetic  data  from  sockeye salmon (Oncorhynchus  nerku) were  collected  from  all 
significant  spawning  populations  contributing  to  mixed-stock  harvests  in  Cook  Inlet.  A  total 
of 68 allozyme  loci  were  resolved  from 37 populations.  Mitochondrial  DNA  data  from  the 
NADH  subunits 5 and 6 were  collected  from 19 of the  populations. Both allozyme  and 
mtDNA reveal a  substantial  amount  of  genetic  diversity  among  populations  and  suggest  that 
significant  local  adaptation  has  occurred.  Mixed-stock  analyses  using  maximum  likelihood 
methods  with 27 loci  were  evaluated  to  estimate  the  proportion  of  Kenai  River  populations  in 
Central  District  drift  fisheries.  Simulations  indicate  that  Kenai  River  populations  can  be 
identified  in  mixtures  at  a  level of precision  and  accuracy  useful for  restoration  and  fishery 
management.  Mixed-stock  samples  from  Cook  Inlet  drift  net  fisheries  were  analyzed  both 
inseason (48 hr)  and  post-season.  The  contribution  of  Kenai  River  populations varied from 
88.2% to 52.7%. Samples  from  fish  wheels  from  the  Kenai,  Kasilof,  Yentna,  and  Susitna 
River  systems  were  also  analyzed.  Inclusion  of  mtDNA  data  in  the  analysis  is  being 
investigated to  determine  if  it  improves  precision  and  accuracy.  Results  from  this  study  are 
currently  being  used in the  management  and  restoration of Kenai  River  sockeye  salmon 
injured  in  the 1989 Exxon Vuldez oil  spill. 

Kev Words: Alaska,  allozymes,  Cook  Inlet,  genetic  diversity,  mtDNA, Oncorhynchus 
nerku, sockeye  salmon. 

Proiect Data: Description of Datu - The  data  collected  during  the  course of this  project 
were  the  relative  frequencies  of  variation  within three classes  of  genetic  markers: 1) 
Allozyme - variant  proteins  formed  by  allelic  forms of the  same locus, 2) Mitochondrial 
DNA - genetic  material  found  within  the  mitochondria  with  strict  maternal  inheritance  and 
haploid  nature, 3) Microsatellites - highly  polymorphic  variable  number  of  tandem  repeat 
nuclear  DNA  sequences  that are  distributed  throughout the genome  at  intervals  of 
approximately 10 lulobase  pairs. Format - These  data are stored in ASCII  text  format. 
Custodian - Contact  Lisa W. Seeb  at  the  Alaska  Department  of  Fish  and  Game,  Division of 
Commercial  Fisheries  Management  and  Development,  Genetics  Laboratory, 333 Raspberry 
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Rd., Anchorage,  Alaska  99518. AvaiZabiZity - A complete  set of the  data  are  reported  either 
in  this  report  (allozyme and microsatellite)  or in the  final  report for restoration  projects 
93012 and 94255  (mitochondrial  DNA).  Electronic  copies of these  data are available  upon 
request. 

Citation: 
Seeb, L.W., C. Habicht, W.D. Templin, J.W. Fetzner Jr., R.B. Gates, and J.E. Seeb. 

1995.  Genetic  diversity of sockeye  salmon (Oncorhynchus nerku) of Cook Inlet, 
Alaska,  and its  application  to  restoration of injured populations  of  the  Kenai  River, 
&on VuZdez Oil Spill  Restoration  Project  Final  Report  (Restoration  Projects  93012 
and 94255-2),  Alaska  Department of Fish and Game,  Division of Commercial 
Fisheries  Management  and  Development,  Genetics  Laboratory,  Anchorage,  Alaska. 

3 



TABLE OF CONTENTS 

STUDY  HISTORYlABSTRACTlKEY  WORDS/PROJECT  DATAKITATION . . . . . . .  2 
LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
LISTOFFIGU RES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
LISTOFAPPENDIC ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
EXECUTIVESUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Genetic  diversity of Cook  Inlet  sockeye  salmon . . . . . . . . . . . . . . . . . . . . .  14 

OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Sampling  methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Allozyme  methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
DNA  methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
Statistical  analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Heterogeneity  within  regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Kenai  River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Kasilof  River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Susitna  River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Western  Cook  Inlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
Northeastern  Cook  Inlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Knik  Arm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

Heterogeneity  among  regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

Mitochondrial  DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Haplotye variation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Heterogeneity  amone  Doplations . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Mixed-stock  analvses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Genetic  diversity of Cook  Inlet  sockeye salmon . . . . . . . . . . . . . . . . . . . . .  26 
Mitochondrial  DNA  insights on colonization  of  Cook  Inlet . . . . . . . . . . . . . . .  29 
Mixed-stock analyses (MSA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
Utility  of  mtDNA in mixed-stock  analyses . . . . . . . . . . . . . . . . . . . . . . . . .  31 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
LITERATURECITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Mixed-stock  analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

4 



LIST OF TABLES 

1.  Sockeye  salmon  populations  sampled  for  genetic  studies. All populations  originate 

2. Enzymes or proteins screened in Cook Inlet sockeye  salmon.  Enzyme 
fiom  Upper  Cook Met, 1992-1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

nomenclature  follows Shaklee et al. (1990),  and locus abbreviations  are  given. 
Buffer  abbreviations are as described  in  the  text . . . . . . . . . . . . . . . . . . . . . . .  46 

3. Hierarchical  G-statistic  log-likelihood  analysis  for  Cook  Inlet . . . . . . . . . . . . . . . . .  49 
4.  Gene  diversity  analysis of Cook  Inlet  sockeye  salmon . . . . . . . . . . . . . . . . . . . . . .  59 
5. Results of simulated mixtures of Cook  Inlet  sockeye  salmon  with  100 bootstrap 

resamplings and  a  simulated  sample size of 400.  Standard  deviations  are  given 
inparentheses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

6.  Results  of  Cook  Inlet  Central  District drift fishery mixed-stock  analysis,  1992-1994 . 61 
7. Results of  inriver  mixed-stock  analyses  for  Cook  Inlet,  1992-1994 . . . . . . . . . . . . .  62 
8.  Russian  River  contribution to mixture samples  collected  at  the Kenai River  fish 

wheel site. The  Russian  River  results  include  contributions  ffom  both  the 
early-  and laterun populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

sockeye  salmon  populations  sampled  fiom  Cook  Inlet. Map #‘s refer  to 
locations  on  Figure  1 64 

salmon  66 

fiomCook Inlet 67 

simulation @off and l3entz.m 1989)  with 10,000 replicate  simulations . . . . . . . .  69 

mtDNA data sets. Each region  comprises  100%  of  the mixture, simulation 
sample size is  400,  and  100  bootstrap  resamplings  were  conducted.  Results 
h m  the  combined  allozyme  and  mtDNA  simulations  are  given  first  followed 
by results kom simulations  with  allozyme data only . . . . . . . . . . . . . . . . . . . . .  70 

9. Sample sizes, composite  mtDNA  haplotype counts, and  nucleotide  diversity  for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10.  Restriction enz.ymes and hgnent  sizes detected  among  Cook  Inlet  sockeye 

1  1.  Pairwise  nucleotide  divergence  estimates  between  populations  of  sockeye  salmon 

12.  Analysis of geographic  heterogeneity  in  mtDNA  ffequencies  using  a  Monte Carlo 

13.  Results of simulated mixtures of Cook  Inlet  sockeye  salmon  using  allozyme  and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 



LIST OF FIGURES 

Fw!!s I!%& 
1. Sockeye  salmon  genetic samples originating !?om Upper  Cook  Inlet,  1992-1994 . . . .  71 
2. Locations of mixed-stock and inriver samples h m  Upper Cook Inlet,  1992-1994 . . .  72 
3. UPGMA phenogram  for  Cook  Inlet  sockeye salmon using  Cavalli-Sfom  and 

Edwards (1967)  chord  measure of genetic  distance . . . . . . . . . . . . . . . . . . . . . .  73 
4.  Neighborjoining tree for  Cook Inlet sockeye  salmon based on  Cavalli-Sfom and 

Edwards (1967)  chord  measure  of  genetic  distance . . . . . . . . . . . . . . . . . . . . . .  74 
5. UPGMA phenogram  for Cook Inlet  sockeye  salmon  populations examined for 

mtDNA variation using nucleotide divergence astimates among  populations 
(Nei and  Tajima  1981) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

6 



LIST OF APPI3DICES 
AnDendix -J23& 

k Allele kquency estimates for Cook Met sockeye  salmon . . . . . . . . . . . . . . . . . . . 77 
B. Allele rieguency estimates  for  mixed-stock  samples of Cook Met sockeye salmon . . 128 
C.  Heterogeneity  analysis within Kenai River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
D. Heterogeneity  analysis within Kasilof  River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 
E. Cavalli-Sfom and Edwards (1967)  chord distances among  sockeye salmon 

F. Box plots  (ranges,  and  95%  confidence intervals for  the  median)  &om  allele 
populations in Cook  Inlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 

fkqency distxibutions  among  populations  of  sockeye salmon from seven  regions of 
CookInlet,Alaska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  147 

G. Final report, University of Montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
H. Final report, University of Alaska Fairbanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 

7 



. In July  of  1989,  fishing  time  in  Upper  Cook  Inlet was greatly reduced due to the 
presence  of  oil fkom the &xon V d h  spill. As a  result,  sockeye  salmon 
(Oncodymh wrku) spawning  in  the  Kenai  River  system  exceeded  optimal 
escapement  goals  by three times,  resulting  in  overproduction  and  greatly reduced 
survival of juvenile  sockeye  salmon. 

. Rehed stock-identification  techniques are needed to increase  knowledge  of  the 
diversity  and  abundance  of  sockeye  salmon  and  to  improve  the  management  of  injured 
populations  in  Cook  Inlet.  Closely  regulating  the  number  of  spawning adults may be. 
the  only  way  to  restore  the  productivity  of  injured  rearing areas and  control  sockeye 
salmon iiy production.  Previous  stock-identification  studies  of  Cook  Inlet  sockeye 
salmon  concentrated  on  the  use  of  scale  pattern  analysis  techniques to delineate 
sockeye  salmon  stocks,  but  the  accuracy  of this technique  was  not  reliable. 

. Genetic data have  proven  extremely  effective for stock  management in  recent years to 
delineate  lineages  and to discriminate  among  populations in mixed-stock  aggregations. 
Earlier  studies  found  considerable  heterogeneity  among  sockeye  salmon  populations 
inhabiting  Cook  Inlet  and were successful at  classifying  populations  fiom  the  Kasilof 
River and Susitna  River  drainages,  but  incomplete  baseline data confounded  Kenai 
River  classifications. 

. In this study,  we  present data to Mer delineate  Cook  Inlet  sockeye  salmon 
populations  and  evaluate  the  use  of  genetic  information as a  tool  for  stock 
identification  during  inseason  management  of  the  Cook  Inlet  fishery.  The  objectives 
of  the  study  were as follows: 

- Obtain  baseline  genetic data fiom all significant  spawning  populations 
contributing  to  mixed-stock  harvest  of  sockeye  salmon  in  Cook Met. 

- Use bed-Stock Analysis (MSA) algorithms to estimate  the  proportion of 
Kenai  River  populations  in drift and  set-net  fisheries  inseason so that  managers 
may  modify  the  area  and  timing  of  harvest  in  order to protect  these  injured 
populations  while  targeting surplus Kasilof  River  and  Susitna  River  stocks. 

- Investigate  the  added  utility  of  DNA-level  markers to discriminate  among  Cook 
Inlet  populations. 

. Baseline  samples  for  allozyme  analysis  were  collected  fiom  spawning  populations 
representing  all  major  sockeye  salmon-producing  systems of Upper  Cook Inlet. 
Approximately 7,400 sockeye  salmon  fiom  spawning  populations  were  sampled  during 
the 1992, 1993  and  1994  field seasons. Mixed-stock samples were collected fi-om 
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central Cook Inlet drift net  fisheries  and  &om  mainstem  fish  wheel  sites  on  the  Yentna 
River,  Susitna  River,  Kasilof  River  and  Kenai  River. Samples of  muscle,  liver,  retinal 
fluid,  and  heart  were  dissected f?om fkshly killed  individuals. 

. A  comprehensive  examination  for  discriminating  gene  markers  was  conducted  using 
allozyme  electrophoresis.  A  total  of 68 allozyme  loci  were  resolved,  of  which 24 
were  found to be invariant  and  were  surveyed  for  only  a  single  year  at  each  site. 
Statistical  analyses  were  based  on  the  remaining  set  of 44 loci.  For  the mixture 
analysis,  the  set  was reduced to 27 loci  based  on  the  information  content  of  the  locus 
and its  ability to be adequately  resolved kom lesser  quality  tissues,  a  common 
occurrence in fishery  samples. 

. DNA was extracted kom liver  and  heart  tissue.  The  NADH  dehydrogenase subunits 5 
and 6 ( N D 5 / N D 6 )  region  of  mitochondrial  DNA  (mtDNA)  was  amplified  using  the 
polymerase  chain  reaction  and  restricted  with thirteen commercially  available 
restriction  endonucleases.  Additional  development  of  nuclear  and  mtDNA markers 
was  conducted through contractual  arrangement  with  the  University  of Alaska 
Fairbanks,  School of Fisheries  and Ocean Sciences,  Juneau  Center  and  the  University 
of  Montan%  Missoula 

. Individual  allozyme  genotypic  data  were summarized into  allelic  kequencies, 
heterozygosity  values  were  calculated,  and  collections  were  tested  for  departure from 
Hardy-Wienbag  equilibrium to test  for  random  mating.  A  log-likelihood  G-statistic 
analysis  was  used to test  for  homogeneity of allelic  fiesuencies  among  the  various 
collections,  both  spatially  and  temporally.  If no significant  differences  were  detected, 
collections  were  pooled  for  all further statistical  analyses.  Genetic  distance  measures 
were  calculated between all  pairs  of  spawning  locations  to summarize the  multi-locus 
data into  a  single  measure  of  similarity. 

. Composite  mtDNA  haplotypes  for  each  individual  and  each  population  were  used to 
calculate  genetic  distances  among  haplotypes,  haplotype  and  nucleotide  diversity,  and 
within  and  among  population  variability. To test  for  geographic  heterogeneity, ten 
thousand  Monte  Carlo  simulations  were performed, and  F-statistics  were  calculated. 

. Stock  contributions to the mixture samples  were  estimated  via maximum likelihood 
using  a  conjugate d e n t  searching  algorithm  with  square  root  transformations. To 
test  regional  identifiability,  simulations  were  executed  with mixtures composed  entirely 
of  individuals h m  the region beiig examined.  One  hundred bootstrap iterations  were 
executed to provide  suffkiently  accurate  estimates of standard  error.  Simulations  were 
also run to examine  the  contribution  that  mtDNA data make  when  added to the 
analysis.  For  the  analysis,  populations  were grouped in the  following  seven  regions 
based  on  river  drainage  and  geographic  proximity: Kenai River,  Kasilof  River, 
Susitna  River,  Yentna  River, western Cook Met, Northeastem  Cook  Inlet  and Knik 
Arm. 
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. Analysis  of  the  allozyme data revealed  the  following  regional  characteristics: 
Kenai  River - 

the  collections h m  the mainstem of  the  Kenai  River  including  Kenai  Lake  and 
Skilak  Lake  showed  a high level  of similarity with  exceptions  being  the 
Russian  River  above-the-falls,  Hidden  Creek,  and  Moose  Creek  collections. 
Considerable  divergence  was  detected  within  the  Russian  River  collections 
between spawning  sites  above-  and  below-the-falls  and between run times in 
the abovethefalls spawning  locations.  However, the Russian  River above-the 
falls  collections  were  more  similar to each  other than to any  other  collections 
within the  Kenai  River  drainage. 

the Kasilof  River  collections  showed  a  remarkable  amount of similarity, with 
collections kom three sites (Bear Creek,  Moose  Creek  and  Seepage  Creek) 
beiig indistinguishable.  Some  heterogeneity appears when comparisons are 
expanded  to  include Nkolai Creek,  Glacier  Flat  Creek,  and two Tustumena 
Lake  shore-spawning  sites,  but  the  Kasilof  River  collections form a  distinct  unit 
relative to other  Cook  Inlet  sockeye  salmon  populations. 

collections h m  the  Susitna  River  system  were  split  into two groups: the 
Yentna  River  drainage  and  the  Susitna  River-mainstem  drainage.  Extensive 
divergence  exists  within  the  Susitna  River  system, both within  and between the 
Yentna  River  and Susitna River-mainstem draiiges. Within  the  Yentna  River 
drainage  there  is  a  wide sptrum of loci at which  one  or  more  populations 
have  exceptionally  divergent  allele  fkquencies.  The  same  is  true  for  Susitna 
River-mainstem draiige collections.  Populations fiom these  regions  do  not 
form  a  distinct  group  relative  to  other  Cook  Inlet  populations. 

unlike  the  Kenai  River,  Kasilof  River,  and  Susitna  River  populations,  these 
populations  do  not  generally share a  common hh-water migration  pathway. 
Collections  showed  similarity  within  collection  sites,  but  considerable  regional 
heterogeneity. 

only two sites  were sampled in this region.  While  they are distinct fiom each 
other,  their  similarity to each  other  is  far greater than  their  similarity  to  other 
populations  within  Cook Inlet. 

there  is  considerable  heterogeneity within this regioq as well as within  the  Fish 
Creek  collections. This population  has been supplemented with hatchery- 
produced  sockeye salmon, which appears to be reflected in the  instability of 
allozyme  fiequencies. 

Kasilof  River- 

Susitna  River- 

Westem  Cook Met- 

Noaheastem Cook  Inlet- 

Knik Arm- 

. There is no  regional  trend  in  the  heterozygosity  level in the  populations  sampled,  and 
all populations  showed codonnity to  Hardy-Weinberg  expectations. Hierarchical gene 
diversity  analysis  of 28 loci  (isoloci  and  phenotypically scored loci were  excluded) 
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stratified by  population,  site,  and  region  showed  the  greatest  variation  within 
populations (88.3%), little  variation  among  populations or (year-classes)  within  sites 
(0.3%),  and  more  variation  among  sites  within  regions  (7.6%)  and  among  regions 
(3.8%). 

. The Kenai River,  Kasilof  River,  Yentna  River, Knik Arm and  Northeastern  Cook  Inlet 
regions  showed  a high degree  of  regional  fidelity  in  the  mixed-stock  analysis 
simulations  with correct allocations  of greater than 89%.  The  Susitna  River-mainstem 
region  was  not as clearly  definable (80%), but  when  the entii Susitna  River  system 
(Yentna River  and  Susitna  River-mainstem  combined)  was  considered,  the  allocation 
rose to 88%. western Cook Inlet, a  heterogeneous  grouping  based  on  geographic 
proximity,  was  only  identifiable  at  a  lower  level  (83%). A similar  simulation 
conpsed entirely  of  Russian  River abovethefalls genotypes  was  correctly  allocated 
better than 99% of the  time. 

. Estimates  of  the Kenai River  contribution  to  the  Central  District Drift fishery  varied 
from a high of  88.2% to 52.7%.  The  Susitnah'entna  group  contributed  up  to  21.2% in 
some  samples,  while  the highest contribution  of  the  Kasilof  group  was  10.6%. 

. Inriver  estimates  for  the  Kenai  River  ranged  ffom  64.8% to 93.1%.  Similar  results 
were  found  for  the  Susitna  River-mainstem  (75.1%  to  92.2%),  Yentna  River  (79.9% to 
98.2%)  and  the  Kasilof  River (54.6% to  91.7%). In each  case  the  low  values  were 
obtained  fi-om  the  earliest  sampling  each  year  indicating  that  some  early-run 
populations  with  unique  genetic  profiles  have  not been included  in  the  baseline. 

. A total  of  ten  composite  mtDNA  haplotypes  were  detected. Three composite 
haplotypes appear to correlate  with  geography;  haplotype I is  present  in  a  high 
proportion of Kenai River  and  Kasilof  River  samples,  haplotype II is  present  in  a 
majority  of Knik Arm, Susitna  River,  Yentna  River,  Northeastern  Cook  Inlet  and 
Western  Cook  Inlet  samples,  and  haplotype V is  more  common  in  the  Kenai  River  and 
Kasilof  River  drainages  when  compared  with  other  regions.  The  remaining haplotypes 
were  found  at  low fkquencies. 

. Nucleotide  divergence  among  populations  (based  on  mtDNA)  differentiates two very 
distinct  groups: 1) Kenai River  and  Kasilof  River,  and 2) Northeastern  Cook  Inlet, 
Knik Arm, Susitna  River,  Yentna  River  and  Western  Cook  Inlet.  The  exceptions are 
Packers  Lake  (a Western Cook  Inlet  population that clusters with Russian  River 
abovethefalls populations)  and  Shell  Lake  (a  Yentna  River  population that clusters 
with Kenai River  populations).  Monte Carlo simulations  used to test  for  geographic 
heterogeneity in mtDNA haplotype fiquencies within  regions,  among  regions,  and 
among  populations  indicate  that  significant  heterogeneity  exists  within  all  regions (P = 
0.O00) except  the  Kasilof River (P = 0.837).  Heterogeneity  in haplotype fkquencies 
(P = 0.O00) and  the Fa statistic  of  0.333  indicate  that  only  a  third  of  the  variation  can 
be attributed to differenm among  populations,  while  the  &der  is  distributed 
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within populations. 

. Because  the  degree  of  mtDNA  differentiation  among  sockeye  salmon  populations fbm 
Cook Inlet  is high, addition of mtDNA  was  expected to improve  the  mixed-stock 
analysis.  In  simulation  studies,  the  mtDNA data improved  the  mean  allocation 
estimates to the  correct  region  with  the  exception  of the Knik Arm region.  A 
corresponding  reduction  in  standard  deviation  of  the  mean  showed  an  improvement  in 
precision as well. 

. It has been suggested  that  the  nursery  lake  is  the primary unit  of  genetic  structuring in 
sockeye salmoq an  idea  that  is  supported by their  lacustrine  freshwater  rearing  phase. 
?his may explain  their  great  fidelity  to  their  natal streams. The data support this 
model of differentiation.  Within  the Kenai River  and  Kasilof  River,  populations 
sharing a common  nursery  lake  tend  to be genetically  similar,  while  populations kom 
regions  without  common nursery l a k e s  tend  to be much  more  heterogeneous. 
Exceptions to this pattern  are  the  Crescent  Lake  shore-spawning  sites,  which  are 
significantly  different  firom  each  other,  and  the  divergence  of  early-run  f?om  late-run 
populations  that  spawn  above-the-falls  on  the  Russian  River. 

. This study  represents  the  most  comprehensive  analysis of sockeye  salmon firom Cook 
Inlet, confirming  previous  observations  and greatly expanding  the  database.  The 
allozyme  and mDNA data reveal  substantial  diversity  among Cook Inlet  sockeye 
salmon populations  which  has  most  likely arisen kom isolation  and  genetic drift. 
These data are  currently being used to restore Kenai River  populations  injured in the 
spill.  Conservation of genetic  diversity  should be incorporated  into  all  restoration  and 
management  efforts. 
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INlRoDucnoN 

The T N  Bxon  V d h  hit  Bligh  Reef  in  Prince  William  Sound  on  March  24,  1989 
spilling  11.2  million gallons of oil. In the ensuing days  oil spread in  a  southwesterly 
direction through the  Gulf  of Alaska. Oil reached  the  Cook  Inlet  region,  an area that  supports 
large  populations  of  Pacific  salmon  and  extensive  commercial  and  recreational  fisheries. 
Fisheries  on  sockeye  salmon (oncorhync~ mku) in  Cook Inlet have been prosecuted  since 
the  late MOO'S, and  harvest  levels  have  ranged  fiom  400,000 to 9.5  million  (personal 
communication,  Paul Ruescb Alaska Dept.  Fish  and  Game,  Soldotna).  However,  in  July  of 
1989,  fishing  time  in  the  Upper  Cook Met area was greatly  reduced  due to the  presence  of 
oil  fiom  the Ewxon V d h  spill. 

As a  direct  result  of  the  reduced  exploitation,  sockeye  salmon  spawning  in  the  Kenai 
River  system  exceeded  optimal  escapement  goals  by three times. Data were  collected  by 
Natural  Resource  Damage  Assessment (NRDA) FisNShellfish  Study  27,  Sockeye  Salmon 
Overescapement  (Schmidt  and  Tarbox  1993)  to  test  the  hypothesis  that this overescapement 
would  result in overproduction  and  greatly  reduced  survival  of  juvenile  sockeye  salmon 
during  the  winter-spring rearing period. This extremely  high escapment may have  produced 
enough fiy to deplete  invertebrate  prey  populations,  causing high fiy mortality,  and  to  alter 
the  species  composition  and  productivity  of  prey  populations  for  several  years. 

Refined  stock  identification  techniques  are  needed to improve  management  capability 
of  injured  stocks  and  to  increase  knowledge  of  the  diversity  and  abundance  of  sockeye 
salmon  in  Cook Met. Knowledge  of  stock structure is  critical to increase  the  productivity  of 
mixtures of stocks in  mixed-stock  harvests  (Walters  1975),  and  to  allow managers to assess 
the impacts of  harvest  regulations  during  the  season  (Mundy  1985;  Mundy  et  al.  1992). 
Closely  regulating  the  number  of  spawning adults may be the  only  way  to  restore  the 
productivity  of  injured rearing areas and  manage  sockeye  salmon fiy production. 

Cook Inlet sockeye  salmon  have been the  focus  of  a  number of stock  identification 
studies.  Extensive  efforts  were  made  during  the  1980's to delineate  populations through scale 
pattern  analyses,  and Marshall et  al.  (1987)  investigated this technique as a  means  to  identify 
river-of-origin  of  Cook  Inlet  sockeye salmon. However,  the accuracy of scale  patterns  alone 
has not been reliable,  and  additional  stock  identification  techniques are warranted. 

Genetic  data  have  proven  extremely  effective  for  stock  management  in  recent  years 
(Seeb et al.  1986,  1990,  chum  salmon (0. ketq); Shaklee  and  Phelps  1990,  chum  salmon; 
White  and Shaklee 1991,  pink  salmon (0. gorbuschq); Wood  et al. 1989,  1994,  sockeye 
salmon),  and  many  genetic  markers  have been found  which  delineate  genetic  lineages  of 
populations. n e s e  markers can also be used to  discriminate  populations  in  mixed-stock 
aggregations,  and  a  considerable  statistical h e w o r k  (Mixed-Stock  Analysis, M A )  based  on 
maximum  likelihood  estimates (MLE) has been developed to identify  individual  stocks within 
mixtures (Miher et al. 1981; Foumier et al.  1984,  Millar  1987,  1990;  Pella  and Milner 1987; 
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Smouse et al.  1990; Gomulkiewicz et al. 1990;  Pella et al. 1994). In this study,  we  present 
genetic data to delineate  populations  and  evaluate  the  model as a  tool  for  stock  identification 
on  an  inseason  basis  in  Cook  Inlet. 

Genetic divelsity of Cook Inlet sockeye salmon 

One of the  earliest  genetic studies of sockeye  salmon  focused  on  Cook  Inlet,  where 
Grant  et  al.  (1980)  found  considerable  heterogeneity  among  populations  inhabiting  the  region. 
In  evaluations of their  resulting  mixed-stock  model,  Grant  et  al.  (1980)  demonstrated  a high 
degree  of success using LDH-4* (LDH-B2*; current  nomenclature  in  parentheses), EW 
(pGM-2*), and GPT* (ALAT*) to  classify  populations  li-om  the  Kasilof  River  and  Susitna 
River drainages, but  incomplete  baseline data was  thought  to  confound  the Kenai River 
classifications.  Additional data li-om the  Russian  River,  one  of  the  Kenai  River draiiges, 
was  presented  by  Wilmot  and  Burger  (1985). ?hey found  significant  differences between 
early  and late runs from  the  Russian  River  based  on LDH-4*, E M - I *  (EM-2*), and ACO* 
(sAH*). Recent  work  by  the  National  Biological  Service  (Carl  Burger,  National  Biological 
Service,  Anchorage, AK; personal  communication)  provided  additional  information  on 
Tustumena Lake  populations.  Their data, based  on  mitochondrial  DNA  (mtDNA)  and 
allozymes,  suggest  that  outlet  spawners  are  differentiated  from  tributary  and  lake  spawners. 
However,  no  comprehensive  genetic  survey  of  Cook  Inlet  has  been  undertaken  since  the 
1970's  (Grant  et al. 1980). 

The  goal of this project  is to restore Kenai River  sockeye  salmon  injured  by  the  oil 
spill. ?his will be accomplished through improved  stock  assessment  capabilities,  more 
accurate  regulation of spawning  levels,  and  modifications to human  use.  The  specific 
objectives  are  to: 

1.  Obtain  baseline  genetic data (during  1992-1995) from all  significant  spawning 
populations  contributing to mixed-stock  harvests of sockeye  salmon  in  Cook 
Inlet. 

2. Use  Mixed-Stock  Analyses  (MSA)  algorithms  to  estimate  the  proportion of 
Kenai River  populations  in drift and  set  net  fisheries so that managen may 
modify area and  time of harvest  in  order  to  protect  these  injured  populations 
while  targeting  surplus  Kasilof  River and  Susitna  River  stocks.  Stock 
composition  estimates  will be provided within 48  hours  post-fishery. 

3. Investigate  the  added  utility  of  DNA-level  markers  to  discriminate  among  Cook 
Inlet  populations. 
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MFZHODS 

Sampling melimk 

Baseline  and  mixed-stock  samples  for  allozyme  analysis  were  collected  by  personnel 
of Alaska Department  of  Fish  and  Game  fiom  spawning  populations  of  sockeye  salmon using 
gill nets  and  beach  seines  (Restoration  Study  93015).  Target  sample size for  baseline 
collections  was set  at  100 to maximize the  precision  around  the  allele frequency estimates 
(Allendorf  and  Phelps  1981;  Waples  1990).  Tissue  samples  fiom  spawning  populations  were 
collected  f?om  all  major  sockeye  salmon-producing  systems  of  Upper  Cook  Inlet  (Fig.  1). 
Approximately  7,400  individual  sockeye  salmon  fiom  spawning  populations  were  sampled 
during  the  1992,  1993,  and  1994  field seasons (Table  1,  Fig.  1).  Most  spawning  populations 
were  sampled  in  at  least two separate  years. 

Mtuedstock  samples  originating  fiom  central Cook  Inlet  (ADF&G  Central  District) 
drift net  fisheries  were  made  twice  during  July  of  1992  and  1993  and  once  during  July  of 
1994  (Table  1,  Fig.  2). In addition,  mixed-stock  samples  were  collected  fiom  four  mainstem 
fish wheel sites  (Yentna  River,  river  mile 4; Susitna  River,  river  mile  80;  Kasilof  River,  river 
mile 7; and Kenai River,  river  mile  19;  Table  1,  Fig.  2). In 1993  and  1994 two collections 
each  year  were  processed within 48  hours  to  demonstrate  that  results  could be available 
inseason  for incopration into  management  decisions.  Target  mixed-stock  sample s k  were 
set at 200 for  inriver  samples  and  400  for drift net  fisheries  (Pella  and IvElner 1987, although 
these were  not  always  achieved. 

Samples of muscle,  liver,  retinal  fluid,  and  heart  were  dissected  fiom h h l y  killed 
individuals.  Individual  sample  numbers  were  assigned  to  uniquely  identify  all  genetic  tissues. 
Tissues  were  extracted  into  cryovials,  and  the  cryovials  were  stored  in  liquid  nitrogen  until 
transferred  to -8oOC storage  where  they  remained  until  laboratory  analysis. 

Allozyme methods 

A comprehensive  examination  for  discriminating  gene  markers  was  conducted  using 
allozyme  electrophoresis.  Allozyme  techniques  followed  those  of Harris and  Hopkinson 
(1976),  May  et al. (1979),  and  Aebersold  et al. (1987);  nomenclature rules followed  the 
American  Fisheries  Society  standard (Shaklee et al. 1990).  A  photographic  record  of  each  gel 
was made,  and  a  collection  of  mobility standards for  all  scored  alleles  was  constmcted  and 
used  to  verify  alleles. 

A  total of 68 allozyme  loci  were  resolved  (Table  2)  using  seven  buf€er  systems. 
Buffer system  abbreviations  and  descriptions are as follow:  1) ACE 7.0 or ACE 7.2; N-(3- 
aminopropyl>morpholi, citrate  (pH  7.0  or  7.2)  with  EDTA  (Clayton  and  Tretiak  1972);  2) 
ACN 7.0; N-(3-aminopropyl>morpholine, citrate  (pH 7.0) with  NAD  (Clayton  and  Tretiak 
1972);  3) KG; Tris,  glycine  HCI  (pH  8.5;  tray  concentration  modified  to  0.075 M Tris; 
Holmes and  Masters  1970); 4) TBCr; Tris,  borate,  citrate,  LiOH (pH 8.2;  Ridgway  et al. 
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1970); 5 )  TBCLE; Tris,  borate,  citrate,  LiOH  with  EDTA  (pH  8.2;  Selander  et  al.  1971); 6) 
'IBQ Tris, borate, EDTA  (pH  8.7;  Boyer et al. 1963);  and 7) TCX; Tris citrate,  NaOH  (pH 
5.9;  Selander et al. 1971). 

Ofthe 68 loci,  24  loci (ADA-I *; mAH-3*; CK-AI*; CK-CI*; CK-C2*;  ESTD*; 
FBALD4*; FH*; PGALA *; GAPDH-3 *; GAPDH-4*;  GAPDH-5*;  PGL  UA *; G3PDH-3 *; 
GR*;  LDH-AI *; LDH-BI *; LDH-C*;  sIDHP-2*; aMAN*; mMDH-l*; mMDH-2*;  mMDH- 
3*; sMEP-1 *) were  found to be invariant  and  were  surveyed  for  only  a  single  year  from  each 
site.  Statistical  analyses  for  all  populations  were  based  on  the  remaining  set  of 44 loci.  A 
reduced  set  of 27 loci ( mAAT-I*; mAAT-2*;  mAH-I,2*;  mAH-4*;  sAH*; ALAT*; 

B1,2*; mMEp-I *; P P A  *; PUB-1 *; PEpc*; PULT*; E M - I  *; EM-2*; TPI-l,2*) was 
used  in  the  majority  of  the  admixture  analyses.  Loci  in this set  were  chosen  for  their 
information  content  and  for  the  ability to be adequately  resolved from lesser  quality  tissues,  a 
common  occurrence  in  fishery  samples.  However,  we  were  unable  to  resolve  some  loci 
(mAAT-2; GPI-B1,2;  G3PDH-4) h m  all mixtures; in  those cases estimates  were  based  on  all 
remaining loci. 

DNA metbnds 

GAPDH-2*;  G3PDH-4*;  GPI-B1,2 *; GPI-A *; sIDf&l*;  LDH-B2*;  sMDH-A  1,2 *; MDH- 

In studies  conducted  in our laboratory,  DNA  was  extracted  from  liver  and  heart  tissue 
using  a high salt  precipitation  method  for  separating  proteins  from  crude  DNA extracts 
(htra Systems,  Minneapolis, MN) following  the  manufacturer's  instructions. The resulting 
purified  DNA  was  quantitated  and  diluted  (100nglpl)  for  use  in  the  polymerase  chain  reaction 
VCR). 

PCR reactions  were  conducted  in  a  total  volume  of  100  pl  and  contained  the 
following  3mM MgCl,, 200pM each dNTP, lpM each  primer,  2.5 U AmpZiTq DNA 
polymerase  (Perkin  Elmer,  Foster  City,  CA)  and  0.7 - 1.0 pg of  DNA  template.  Cycling 
conditions  using  a  GeneAmp  PCR  System  9600  'Ihermocycler  (perkin  Elmer,  Foster  City, 
CA)  included  an  initial  denaturation at 97°C  for  1 min and  15 s, followed  by 45 cycles  at 
96°C  for  20 s, 57°C for  30 s, and  72°C  for  2 min. A  final  extension  was  performed  at 72OC 
for 5 min to minimize partial  extension  products.  The  primers  of  Cronin  et  al.  (1993)  and 
Park  et  al.  (1993)  were  used to amplify  the  mitochondrial  NADH  dehydrogenase  subunits 5 
and  6 ( N D S / N D 6 ) .  

?he PCR  product  obtained  was  restricted  using thirteen commercially  available 
restriction  endonucleases ( A p I ,  Ase 4 Ava 11, BstE  II, BstUi &OR I,  &OR V, HhaI, Hinf 
I ,  Kpn I, Sm96 I ,  Stu I, T q  I )  following  the manufacturds recommendations (New England 
Biolabs).  Each  restriction  digest  contained  lop1  of  PCR  product,  2U  of  enzyme,  and  was 
conducted  in  a  total  volume  of 204. Digested  products  were run on  0.8% (high melting) 
agarose  gels at 5Vlcm  for  approximately  1  h  and  resulting  banding patterns were  visualized 
utilizing  ethidium  bromide  under UV light (312nm).  The  most  common  haplotype  for  each 
enzyme was designated as 'A'.  Haplotypes  detected  for  each  enzyme  were  pooled  into 
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cornpasite  haplotypes. 

Additional  development  of  nuclear  and  mitochondrial  DNA markers was  conducted 
through contractual  arrangement  with  the  University  of Alaska Fairbath, School  of  Fisheries 
and Ocean Sciences,  Juneau  Center,  and  the  University of Montana,  Missoula  (Appendices G 
and H). 

slatistical analyses 

Genotypes were scored fiom  enzyme  phenotypes  and  then summarized into  allele 
fiequency  estimates  (Appendices  A  and B). Only  homozygote  alternate  phenotypes  could  be 
scored  for  null  allele  variation  at E M - 1  * (*IOO/null scored as *lOO/*lOO). Hardy-Weinberg 
expected  frequencies  were  calculated  for this locus  and are listed  in  Appendix k Expected 
fkquencies  were used for  heterogeneity,  gene  diversity,  and tree analyses,  but  phenotypic 
fkquencies  were used for  the mixture analysis.  Similarly, for sIDHP-2*, only  homozygote 
alternate  phenotypes  were  scored  for  the *75 allele.  Hardy-Weinberg  expected  fiequencies 
were  calculated  for this allele  and  used  in  all  analyses (sIDHP-2* was  not used in the  mixture 
model).  One  other  allele, *95, was  observed  at this l o c u s  at  low fkquencies  in two Kenai 
River  populations;  it was pooled  with  the *IO0 allele.  Frequencies  at  isoloci (sAAT-1,2*; 
mAH-I,2*;  G3PDH-l,2*;  sMDH-A1,2*;  sMDH-B1,2*;  GPI-B1,2*; TPI-l,2*) were  calculated 
assuming  the  variation  occurred  with equal frequency at both  loci. Tests for  departure  fiom 
Hardy-Weinberg  equilibrium  were  made  for  each  population  at  each  single  locus (a = 0.05; 
adjusted  for  the  number of tests)  to  test  for  random  mating  within  each  population.  Isoloci 
were  excluded  fiom  these  tests. 

Homogeneity  of  allelic  fiequencies  among  the  various  collections,  both  spatially  and 
temporally,  were  tested  using  a  log-likelihood  ratio  G-statistic  analysis  (modified  fiom  Weir 
1990)  with a = 0.01. This statistic  is  distributed  approximately  chi-squared  with (n - l)(m - 
1) degrees  of fieedom, where n is  the  number  of  alleles  and m is  number of populations in 
the  test.  The  likelihood  values (G) can be summed  over  all  loci to obtain  a total value  at 
each  level  of  analysis.  The  total  gene  fiequency  dispersion  at  each  locus was subdivided  into 
within-  and  among-region  components  in  a  hierarchical  fashion.  Hierarchical  levels  were 
organizd to  test  for  homogeneity 1) within  drainages  of  river systdregions, 2) among 
drainages within  river systedregions, and 3) among  river systedregions. Rejection  of  the 
null  hypothesis  of  homogeneity  is  indicative  of  discrete spawing populations. If no 
significant  differences  were  detected,  collections  were  pooled  for all further statistical 
analyses  including admixture analysis. ?his analysis detects heterogeneity  on  a macro scale 
as degrees  of  fieedom  reflect  the  entire  pattern  of  diversity  around Cook Inlet. We  also 
performed pair-wise  and  region-wide  analyses  which  resulted  in  fewer  degrees  of M o r n  and 
a  fmer  scale  analysis (a = 0.001, adjusted  for  multiple  tests; see also  Appendices  C  and D). 

To Mer describe the subdivision  of  genetic  diversity,  a  hierarchical  gene  diversity 
analysis  (Nei 1973) was  conducted to test  for  the  distribution  of  variability  among  draiiages 
and regions. Isoloci, E M - 1  * and sIDHP-2* were  excluded  fiom  the  diversity  analyses. 
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Genetic  distance  measures (Cavalli-Sfom and  Edwards 1963, which summarize 
multi-1- data into  a  single  number,  were  calculated between all  pairs  of  spawning 
locations.  These  values  were  used to construct a bmching diagram  using  numerical 
taxonomic techniques (UPGMA, Sneath and Sokal 1973)  which  provide a representation  of 
overall  phenetic  similarity. A neighbor-joining tree (N-J tree; Saitou  and  Nei  1987) with 
Cavalli-Sfom and  Edwards  (1967)  distance  measure  was  constructed  using  PHYLIP  (Version 
3.5,  Felsenstein  1993). This method allows for  unequal  rates  of  molecular  change  among 
branches. 

To facilitate  rapid  collation,  analysis,  and  reporting  of  genetic data, applications  for 
scoring  and data analysis  were  developed  using  the Windows  3.1  environment. An on-line 
scoring  program  (Score 2.0) was  written  which  provided  error  checking  capability  and 
allowed  for  extensive  documentation  of results. In addition,  a set of  genetic  analysis 
functions  were  written  in S-PZw (Mathsoft, Inc.,  Seattle,  WA)  to  calculate  allele  ii-equency 
estimates,  fit to expected  genetic  models,  and  genetic  variability  and  distance  measures. 

Stock contributions to the mixture samples  were  estimated  via maximum likelihood 
(MLK Pella  and Milner 1987; Masuda et al. 1991)  using  a  conjugate  gradient  searching 
algorithm  with  square  root  transformations  (Pella et al.  1994). This algorithm  provides  good 
performance with  large  baselines  and  small  stock  differences  (Pella et al.  1994).  The 
precision  (standard  error)  of  the  stock  composition was estimated  by  an  infinitesimal  jackknife 
procedure (Millar  1987).  Individuals  missing  data  at two or  more  loci  were  deleted. 
Individual  population  or  stock  estimates  were fmt calculated,  then  summed  into  regional 
grouping (allocate-sum  procedure,  Wood et al.  1987).  Simulated mixtures were  used to 
evaluate  the  accuracy  of  the  stock  composition  estimates  and  to  determine  optimal  reporting 
regions.  These  hypothetical mixtures (N = 400) were  generated  using  the  baseline  allele 
frequencies  assuming  Hardy-Weinberg  equilibrium.  The  precision  (standard  error)  of  the 
simulated mixtures was  estimated  by a parametric bootstrap @&on  and  Tibshirani  1986), 
where  the  observed  multilocus  genotype fkquencies were  assumed  to be distributed 
multinomial as were  the  allele frequencies in the  baseline.  One  hundred bootstrap iterations 
were  executed to provide  sufficiently  accurate  estimates of  standard  error (Masuda et al. 
1991). 

Composite  mtDNA  haplotypes  for  each  individual  and  each  population  were  entered 
into  the REAP package  (McElroy  et  al.  1992)  to  calculate  genetic  distances  among 
haplotypes, haplotype  and  nucleotide  diversity,  and  estimates  of within- and  among-population 
variability. A pairwise matrix of nucleotide  divergence between populations  was  used as input 
into  the UPGMA tree building algorihn to examine  population-level  relationships  based  on 
m0NA data To test  for  geographic  heterogeneity,  a  Monte  Carlo  simulation  with 10,000 
replicates was performed  @off  and  BentZen  1989),  and  F-statistics  were  calculated  using 
BIOSYS-1  (Swofford  and  Selander  1981). 
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RESUL'IS 

Hetemgeneity within legions 

Populations  were grouped regionally  based  on  river drainage and  geographic 
proximity. Seven  regions  were  identified:  Kenai  River,  Yentna  River,  Susitna  River,  Western 
Cook Inlet, Kasilof  River,  Northeastern  Cook Inlet, and Knik Arm. The  Yentna  River,  a 
major  tributary to the  Susitna  River,  was  considered  to  be  a  separate  region  for  the  analyses 
for  two reasons. First, it is  a  reasonable  division  of  the  vast  Susitna  River  drainage  (49,000 
!un2) which  is  a  magnitude  larger  than  the  next  largest  drainage  in  Cook Inlet, Kenai  River 
(5,200 h2). Second, her-scale resolution  may  provide  valuable  information  for  fishery 
managers. 

vq.--Rearing of  sockeye  salmon occurs in Upper  and  Lower  Russian Lakes, 
Kenai  Lake,  Skilak  Lake,  Hidden  Lake,  Tern  Lake,  and  Trail  Lake.  Spawning occurs in 
tributaries  of  these  lakes as well as the  mainstem  Kenai  River. Beach spawning,  if  present,  is 
not  thought to be  extensive.  Collections  were  made  on  the  Kenai  River  with  all  major know 
producing  tributaries  included.  Considerable  effort was made to collect  multiple  samples 
f?om  areas  of  highest  spawning  concentration.  The  outlet of  Skilak  Lake  and  the  area 
between  Kenai  and  Skilak Lakes were  sampled  intensively  with  consideration  for  site,  year, 
and  timing  of  return. 

Considerable  divergence  was  detected within the  Russian  River.  Spawning 
populations  above  and  below  Russian  River  falls  exhibited  a  distinct  discontinuity in allele 
fkquencies  (Appendix A). Loci  exhibiting  the  divergence  between  populations  spawning 
above  and  below the  falls  included: sAH*lOO (above  0.26 - 0.30, below 0.95), ALAT*IOO 
(above  0.82 - 0.86,  below 0.64), LDH-B2*100 (above 0.50 - 0.73, below  0.92),  and E M -  
1*100 (above 0.00 - 0.01,  below  0.38).  The  population  below  the  falls  closely  resembled 
populations  inhabiting  the  mainstem  Kenai  River pig. 3). In addition,  temporal 
differentiation  was  detected  between early- and  late-run  spawners  above  the  falls  with 
significant  heterogeneity (P < 0.001;  Appendix  C)  at LDH-B2*, mAAT-l*, mAAT-2* and 
mAH-l,2*. 

Sockeye  salmon  spawning  between  Kenai  and  Skilak  Lakes  were  sampled  at six  sites 
over  the three year period, 1992-1994.  Both  the  early-  and  late-spawning  components  were 
sampled  at  sites 1,2,3,  and  6. At these  sites,  no  significant  heterogeneity (P > 0.001; 
Appendix  C)  was  detected  either  between  years  or  between run times  within  years.  Samples 
were  pooled  by  site  for  fiuther  analyses. 

Temporal  divergence  within  the  collections was also  examined at ptarmigan Creek, 
Tern Lake, Quartz Creek,  Hidden  Creek,  Outlet  of  Skilak  Lake,  and  Moose  Creek  (Kenai 
River drainage) (Appendix  C).  Because  no  significant  divergence  between years was detected 
at the a = 0.001  level,  these  populations  were  pooled  for  further  analyses. 
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Overall similarity  among  populations h m  the  Kenai  River  drainage  is  apparent  f?om 
the  phenogram  (Fig.  3).  Populations showing high  levels  of  similarity  and  forming  a 
monophyletic  cluster  include  Outlet  of  Skilak  Lake,  populations between Kenai and Skilak 
Lakes, Ptarmigan Creek Russian  River  below-thefalls, Quartz Creek,  and Tern Lake. 
Additional  divergent  populations  outside this cluster  also  exist within the  Kenai  River 
drainage.  While  the  Russian  River abovethefalls populations are the  most divergent Hidden 
Creek  also appears to be highly  distinct  not  only  from  the  Russian  River  above-the-falls 
populations  but  also  from  the  other  Kenai  River  populations.  Hidden  Creek  is  characterized 
by  higher  l?equencies  of  mAAT-2*(-73);  ALAT*100;  sIDHP-2*7S;  and  PGM-2*100; 
compared to  mainstem  Kenai  River  populations  (Appendix A). Moose  Creek  also is a  distinct 
lineage within the  drainage  with  high kluencies of  ALAT*91  and  sIDHP-2*92. 

m o f  River.--Populations  returning to the  Kasilof  River  drainage  spawn  in  tributaries 
and  along  the  shoreline  of  Tustumena  Lake.  Five  tributaries  (Bear,  Moose,  Glacier  Flat, 
Nikolai,  and  Seepage  Creeks)  were  sampled.  Bear,  Moose,  and  Nikolai  Creeks  were  sampled 
over two years;  Glacier  Flat  Creek  was  sampled  over three years.  Seepage  Creek  was 
sampled  in  a  single  year.  Lake  spawners  utilizing  the  beach  were  also  sampled (Tustumena 
Lake  sites  1  and 2). 

Comparisons within site across years  were  performed  first.  Some  heterogeneity  among 
Glacier  Flat  Creek  samples  was  apparent at GPZ-B1,2*  and mZDHP-I *, but  heterogeneity 
analysis  within  the  Kasilof  River draiiage allowed  pooling across all  three  years (P = 0.123; 
Appendix D). Similarly,  multi-year  populations  from Bear Creek,  Moose  Creek (Twt~unena 
Lake),  Nikolai  Creek,  and  the two lake-spawning  sites  in Tustumena Lake  were  pooled (P > 
0.001; Appendix D). 

In comparisons among  populations, Bear Creek,  Moose  Creek,  and  Seepage  Creek, 
were  statistically  indistinguishable (P = 0.921; Appendix D). We  could  detect  no  evidence 
that these  populations  were  not a single  panmictic  unit.  Heterogeneity  within  the  region 
appears  when comparisons are expanded to include  Glacier  Flat  Creek,  Nikolai  Creek,  and 
Tustumena Lake  populations (P < 0.001; Appendix D). 

Relative to other  Cook  Inlet  sockeye  salmon  populations,  the  Kasilof  River  drainage 
populations  are  more  similar  and  represent  a  single  distinct  cluster  on  the  phenogram. 
Overall heterogeneity within the  region when all  Cook  Inlet  populations  were  considered  was 
not  significant (P = 1 .OO, Table  3). As a group, Kasilof  River  drainage  populations  exhibit  a 
high fiquency  ofALAT*95 (frequencies  range  from 0.09 to 0.16) and  consistent  presence  of 
rare alleles  (G3PDH-4*108;  GPI-B1,2*132). 

-.--The Susitna  River  is  composed  of  the  Yentna  River  and  mainstem 
Susitna  River drainages. Within each  of  these  systems are many smaller lakes  and tributaries 
that support  sockeye  salmon  spawning  and  rearing.  Because  little  is  known  about  the  sockeye 
populations  of  the  Susitna  River  drainage, sampling sites  were  chosen  based  on  escapement 
sizes to  represent  what  were  thought to be the  largest  spawning  populations within the  system. 
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Spawning  locations in the  Yentna  River  drainage  were  sampled in 1992  and  1993, as 
was Larson  Lake in the  Susitna  River mainstem drainage. Hewitt and  Whiskey  Lakes  were 
considered  a  single  population. Between year  comparisons at each  site  showed  little  variation 
(P > 0.001; Table 3), so multiple-year collections  at  each  site  were  pooled. 

Multiple-year  collections  were  also  made at Stephan  Lake in the  Susitna  River 
mainstem  drainage. In 1994  the  Stephan  Lake  sample was a  composite  of  spawners  fiom two 
sites (n = 25 per site),  but  painvise comparisons between the  sites (G = 36.8, df = 12, P < 
0.001)  precluded pooling. When each  of  the  sites  was compared to the  1993  sample,  site  1 
was  statistically  distinct (G = 49.2, df = 13, P < 0.001),  but  site  2  could be pooled  with  the 
1993  sample (G = 16.4, df = 12, P = 0.174). This similarity  is  supported  by  the  proximity of 
site 2 to  the  1993  site.  The  site  1  sample was dropped  fiom  the  analysis,  because  a  sample 
size of 25 is considered too small to adequately  represent  the  true  allele  frequencies of a 
population.  The  site  2  sample  was  pooled  with  the  1993  sample  for  the  analysis. 

Extensive  divergence  exists within the  Susitna  River  system,  both within and between 
the Yenma  and  Susitna  Rivers  (Table  3). Within the  Yentna  River  drainage  is  a  wide 
spectrum of loci  at  which  one or more populations  have  exceptionally  divergent  allele 
frequencies  (Table  3,  Appendices A and F). The  most  dramatic  difference occm at PGM-2* 
where  Shell  and TiinityMovie Lakes  have ikquencies of the *la0 allele  of 0.25  and  0.28 
respectively,  while H e w i W s k e y  Lakes  have  a  frequency of 0.63  and  the  remaining 
populations  have fiquencies greater than 0.80.  Other  loci  that  display  a  large  amount  of 
heterogeneity  are: P E T *  (general knd,*105 < 0.01;  Hewitt/Whiskey  Lakes, *lo5 = 0.13; 
Shell Lake, *lo5 = 0.31), PGM-l* (generally, *lo0 < 0.10;  Judd  Lake, *lo0 = 0.36), PPB-  
I* (generally, *130 = 0.00; TrinityYMovie  Lakes, *130 = 0.15), ALAT* (generally, *lo0 < 
0.59;  TrinityMovie  and  Hewitt/whiskey  Lakes, *lo0 > 0.70),  and mAAT-l* (generally,*lOO 
> 0.83;  Judd  Lake, *lo0 = 0.62). 

Populations in the  Susitna  River mainstem also  show  considerable  heterogeneity  at 
several  loci  (Table  3, Appendices A and F.). At E M - I  *, most  of  the  populations  have 
kequencies  of  the *lo0 allele between 0.19  and  0.45,  but in Red Shirt Lake  a ikquency of 
0.03  was  estimated.  The *lo0 allele  was  absent in the  pooled  Stephan  Lake  collections,  but it 
was  found  in  Stephan  Lake site  1  at  a fkquency of  0.11.  Other  loci  that  display  a  large 
amount  of  heterogeneity  are: PEFC*l05 (fiquencies ranging  fiom  0.00  to  0.17), ALAT* 
(generally, *95 < 0.02; Byers  Lake, *95 = 0.10;  Stephan  Lake pooled, *95 = 0.13), sZDHPl* 
(generally, *94 = 0.00; Stephan Lake  site  1, *94 = 0.06; Stephan  Lake pooled, *94 = 0.13), 
and mAAT-I* (generally, *-83 > 0.18;  Birch  Creek, *-83 = 0.06;  Red Shirt Lake, *-83 = 
0.00). 'Ihe  degree  of  differentiation  is  most  easily seen in the  phenogram  and  N-J tree (Figs. 
3 and  4) where Susitna  River  populations can be found  on  many  different  branches  and 
occasionally  by  themselves. 

W e s t e m . - - P o p u l a t i o n s  assigned  to  the  Westem Cook Inlet  region  spawn in 
the riverAake  systems  that drain the  west  side of Cook Inlet fiom  the  mouth  of  the  Susitna 
River south to  the  Crescent  River.  These are generally cold high-energy streams fed  by the 
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glaciers  and  snowpack in the mountains  that l i e  the  coast. An exception is the  Packers  Lake 
population  which  returns to Kalgin Island,  a  large  island  located in the  middle  of  the inlet 
west  of  the  mouth of the  Kasilof  River.  Unlike  the Kenai River,  Kasilof  River  and  Susitna 
River  populations,  these  populations  do  not  generally share a  common hh-water migration 
pathway  (Fig.  1). 

Samples  from two years are available  for  these  populations  except  McArthur  River 
and  Wolverine  Creek. In the Packers  Lake  1993  collection, mAH-1,2 could  not be resolved, 
but  a  painvise  comparison  showed  very  little  difference between the  yearly  samples (G = 
8.77, df= 10, P = 0.554).  The  Packers  Lake  collections  were  subsequently p l e d  for  the 
remainder  of  the  analyses.  Some  heterogeneity  was seen at LDH-A2* and PEPC* between 
years in the  Chilligan  River  samples  and  at ALAT* between years in the  Coal  Creek  samples 
(Table  3), but the  overall  similarity  was  such  that  these  collections  were  also p l e d  across 
years at each site. 

The  Crescent  River drainage was sampled in 1992,  1993  and  1994.  The fmt two 
samples  were  obtained fiom migrating  lake-spawners in Crescent  River. In 1994,  samples (N 
= 50) were taken fiom two spawning  sites  along  the  shore of Crescent  Lake.  Pairwise 
comparisons of the  four  collections  showed minimal differentiation between the  yearly 
Crescent  River  collections (G = 12.8, df = 10, P = 0.235),  a  large  difference between the 
Crescent  Lake  site  1  and site 2 collections (G = 42.2, df = 10, P < 0.001), and  a  large 
difference between each of Crescent  Lake  sites  and  the  pooled  Crescent  River  collection  (site 
1: G = 35.2, d f=  11, P <  0.001;  site  2: G = 32.1, df= 10, P < 0.001).  For this reason,  the 
Crescent  River  samples  were  pooled across years  and  the  Crescent  Lake  site  1  and  site 2 
samples  were  left as individual  collections. ?he Crescent  River  collections  were  not  used in 
the  mixed-stock  analysis as it  did  not  represent  a  spawning  population. 

As might be expected  l?om  the  geography  of  the regioq the western Cook  Inlet 
populations  contain  considerable  regional  heterogeneity  (Table  3).  The  phenogram  and N-J 
trees (Fig.  3  and 4) indicate that some  of  these  populations are similar  to  Kasilof  River 
populations  and  others  are  similar to Susitna  River  populations,  while  still  others are unique 
(Coal  Creek and  Wolverine  Creek). A large  part  of  the  heterogeneity within the  region can 
be attributed to a  few  loci within a  few  populations.  The ALA T*95 allele occurs much  more 
fkquently in McArthur  River (fkquency = 0.17) than in the  remaining  populations (iiquency 
< 0.08). In this region, sMDH-B1,2*65 allele occurs only in Coal  Creek  and  Packers  Lake, 
while  the *I16 is  a  private  allele  for  Packers  Lake.  The hquencies of  the  null  allele  for 
E M - I *  range  from  0.54 to 1.00,  and  the EM-2*136 allele  fkquencies  range h m  0.03 to 
0.37  through  all  the  populations in this region. 

N o r t h e a s t e m . - - O n l y  two sites  were  sampled in the  Northeastem  Cook  Inlet 
region:  Daniels  Lake  and  Bishop  Creek.  Both  sites are in the  Bishop  Creek  drainage  located 
north of the  mouth of the  Kenai  River  on  the Kenai Peninsula Of the two, only  Daniels 
Lake  was  sampled in more than one  year and, although  heterogeneity was found at GPZ-A * 
between years at this site,  overall  there  was  not enough difference (P > 0.001;  Table  3) 
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behyeen these two collections to preclude  pooling. 

Because  heterogeneity  was  found  at A L A P  and mAA T-I* between Bishop  Creek  and 
the  pooled  Daniels  Lake  collections,  the two collection  sites  were  left  separate (G = 100.93, 
df = 10, P < 0.001, pairwise  comparison).  When  looking at Cook Inlet as a  whole,  though, 
there  is  relatively  little  heterogeneity  within  the  Northeastem  Cook  Inlet  collections (P = 
0.521,  Table 3). lheir similarity  to  each  other  is  far  greater  than  their  similarity  to  other 
populations can be seen in  the  phenogram  and  N-J trees (Fig.  3  and  4).  Northeastern  Cook 
Inlet  populations  are  marked  by  a high kxpncy  of PEPLT*88 alleles,  a  low I7equency of 
pGM-2*100 alleles,  and  the  lack of LDH-B2* and PEP(? variant  alleles  which  are seen in 
every other  region. 

&uk h . - - L i k e  the  populations in western Cook Inlet, the Knik Arm populations  do 
not  share  a common hhwater  migration  path  (Fig.  1).  For this reason  sampling  sites  were 
chosen  based  on  drainage  and  escapement sizes to best  represent  the  region. In addition to 
being  a  large  producer  and  draining  a  wide area, Fish  Creek  has also been the  broodstock 
source for  the  Big  Lake  Hatchery. 

While  Nancy  Lake  and  Cottonwood  Creek  were  sampled  in  only  one  year,  Fish  Creek 
was  sampled  over three years,  1992-94.  Pairwise  comparisons  of  the three samples  show  that 
only  the  1993  and  1994  collections can be  pooled (G = 16.78, df= 13, P = 0.210). 
Heterogeneity  at A L A P ,  LDH-B2*, and sMDHA1,2* precludes  combining  the  1992 
collection  with  the  pooled  1993-94  collection (G = 61.4, df = 14, P < 0.001).  Although  these 
differences  are  smaller when examined  at  the  regional  level (P = 0.99;  Table  3),  it  was 
decided  that the differences  were  sufficient to consider  the  1992  collection as separate from 
the  1993-1994  pooled  collection. 

Hetelogeneity among repiom 

Observed  and  expected  heterozygosities  were  calculated  for all individual  populations 
(Appendix A). Observed  heterozygosities  varied kom a  low  of  0.020 in Chilligan  River 
(1992)  to  a  high  of  0.059  in  Stephan  Lake  (1993).  'Ihere  is  no  regional  trend  in 
heterozygosity  level  in  the  populations  sampled. All populations  showed  conformity  to 
Hardy-Weinberg fiquency expectations. 

A hierarchical gene  diversity  analysis was performed  using  28  loci  (isoloci  and  loci 
scored phenotypically  were  excluded)  and  unpooled  populations. l he  hierarchical  analysis 
was  stratified  by  population,  site,  and  region. lhe  greatest amount of variation (88.3%) 
occurred  within  populations  (Table 4) and  was  heavily  weighted  by  variability  at mAA T-2*, 
sAH*, P R * ,  PEPLT*, and PGM-2* with SAW contributing  the  greatest  amount.  Little 
variability (0.3%) was  detected  among  populations  or  year-classes  within  sites.  However, 
considerable  heterogeneity  (7.6%)  existed  among  sites  within  regions,  and  the  remaining 3.8% 
of  the  variability was accounted  for  by  the  among  region  component. 
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Relationships  among  populations  are  depicted  in  the UPGh4.4 phenogram  and N-J tree 
(Fig,. 3  and  4).  Two  clusters  of  related  populations  are  evident  fiom  both  diagrams. 
Mainstem Kenai  River  populations,  including  Ptarmigan  Creek  and  Russian  River  below-the- 
falls,  cluster in both  diagrams  although  the  placement  of  Tern  Lake  and Quartz Creek  differs. 
A second  cluster  composed  of  the  Tustumena  Lake  populations  fiom  the  Kasilof  drainage is 
also  apparent  in  both  diagrams.  Joining this group are  Crescent  Lake site  1  and  McArthur 
River.  The  divergence between Crescent  Lake  site  1  and  Crescent  Lake site  2  is  apparent 
kom both  diagrams. In both diagrams,  the  Northeastem  Cook  Inlet  and  Knik Arm (except 
Nancy  Lake)  populations  cluster  regionally.  Little  regional structuring is  apparent in the 
remaining  populations,  and  populations  fiom  divergent  regions  often  cluster  together  rather 
than  with  populations h m  the  same draiiage. 

Mixdstock analyses 

?he performance  of  the MSA model  for  Cook  Inlet  sockeye  salmon  was  investigated 
through  simulation  studies  of  various  reporting  regions.  We  simulated  a  mixed-fishery 
sample of 100%  of  the  individual  group  under  study  &om  the  seven  previously-identified 
reporting regions:  Kenai,  Kasilof,  Susitna,  Yentna,  Western  Cook Inlet, Northeastem  Cook 
Inlet,  and Knik Arm. Fishery managers desired qwrting regions  that  showed  at  least  90% 
allocation  to the region  of  origin. Within the  regiob  the  individual  populations  were 
constrained to  contribute  equally  to  the  sample  (no  allowances  were  made  for  differential 
abundances). 

The  Kenai  River  region,  the  group  of m e s t  concern,  showed  92%  allocation  in  the 
simulation  studies  (Table  5). Northeastem Cook  Inlet,  Kasilof  River  and Knik Arm also 
showed  a  high  degree  of  regional  fidelity  (99.0%$  91.4%  and  89.5%  respectively).  The 
Yentna  River paformed well  with  an  allocation  of  89.20/,  but  the  Susitna  River  misallocated 
to both the  Yentna  River  and  Westem  Cook  Inlet  with  a  resulting  allocation  of  80.4%.  When 
the  Susitna  and Yentna regions  were  combmed,  the  allocation  was  87.9%.  Only  Western 
Cook  Inlet,  a  heterogenous  grouping  based  on  geographic  proximity, performed at  a  level 
considerably  below  the  90%  objective  (83.4%).  Chilligan  River  and  Crescent  Lake  sites 1 
and 2 appear to contribute  significantly  to  the poor performance. 

MLE estimates  were  calculated  for  all  samples  collected  fiom  the  Central  District Drift 
fishery  (Table  6).  Estimates  of Kenai River  contribution  varied h m  a  high  of  88.2%  on  July 
13,  1992  to  a  low of 52.7%  and  52.8%  on  July  12,  1993  and  July  15,  1994.  The 
Susitnalyentna  group  contributed  up  to  21.2%  in  some  samples,  while  the  highest 
contribution  of  the  Kasilof  group  was  10.6%. 

MLE estimates  were  also  calculated  fiom  samples  originating  &om  inriver  fish  wheels 
(Table 7). These  samples  were  collected  in  1992  and  1994  fiom  the  Kenai,  Kasilof,  Susitna 
Mainstem,  and  Yentna  River drainages. These  inriver  estimates  assume  all  contributing 
populations h m  a  particular drainage have been included  in  the  baseline  and that there  is  no 
straying  into  the  river  drainage.  Estimates  for  the Kenai inriver  samples  ranged  &om  64.8% 
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to 93.1%.  The  low  value  was  for  July 10, 1994  and was the h t  sample  for  that year. 
Similar  results  were  obtained  for  the  Susitna  River  mainstem  (75.1%  and  92.2%),  Yentna 
River  (79.9% to 98.2%),  and  Kasilof  River  (54.6% to 91.7%). In each  case  the  low  values 
were  obtained ftom the  earliest  sampling  each  year. This may  indicate that some  early-run 
populations  with  unique  genetic  profiles  have  not been included  in  the  baseline, or that early 
in the  season  fish  may be entering  non-natal  systems  prior  to  correctly  homing to their  natal 
stream (“nosing  in”). 

Finer scale  estimation  is  also  possible  for  some  populations  within  some  river 
drainages. A  100%  simulation  was  conducted  on  the  Russian  River abovethe falls 
populations  alone.  The  results  indicate  that  the  Russian  River can be. identified  in mixtures of 
Cook Inlet  populations  with  a  very  high  degree  of  accuracy  and  precision.  The  simulation 
result  was  99.80/4 S. D. 0.3%. h4LE estimates  for  the  inriver mixtures ftom  Kenai  River 
were made to  estimate  the  combined  early-  and  late-runs  of  Russian  River  fish  above-the- 
falls  (Table 8). As expected,  the  estimates  vary  through  time. Four estimates  were  possible 
in  1994,  and  they  varied ftom 4% to 30.1%. The  results  suggest  a  pulse  of  early-run  fish,  a 
lull,  and  then  a  large  pulse of late-run  fish  (Table 8). 

Mitochondrial DNA 

Haplotype vanatmn--A total of ten  composite  haplotypes  were  detected  using  the 13 
restriction  enzymes  screened  in all populations  (Table  9). Of these  13  enzymes, six ( A p  I, 
Hha I, Hinf I, Kpn Z, Stu Z, and Tag I )  were  polymorphic  (Table lo). The two composite 
haplotypes  representing  variation  in  the A p  I enzyme 0 and 11, Table  9)  were  encountered 
most iiquently (i.e.,  in  78% of the  samples)  in Cook Inlet.  The  distributions  of  these two 
haplotypes  appear to correlate  with  geography,  with  haplotype I being present  in  a  high 
proportion  of  the Kenai (56.2%)  and  Kasilof  (30.0%)  River  samples  while  haplotype II is 
present  in  a majority of the Kink Arm (55.4%),  Susitna  (57.5%),  Yentna  (55.4%),  Western 
Cook Inlet  (61.9%)  samples,  and  in  100%  of  the  Northeastern Cook Inlet samples.  The 
composite  haplotype V (a Taq I variant)  was  much  more  common  in  the  Kenai  and  Kasilof 
River  drainage  (22%  and 440/4 respectively), when compared to other  regions  (Susitna,  20%; 
Knik Arm, 9%;  Yentna,  2%;  Western Cook Inlet,  1%;  Northeastem Cook Inlet, absent).  The 
remaining  composite  haplotypes  were  found  at  low  ftequencies  overall (<5%), but within 
regions two were  detected  at  much  higher  ftequencies  (i.e.,  haplotype VI at 10% in  Kasilof 
River  and  haplotype IX at  22.5%  was  unique  to Knik Arm). 

. .  

Heteropeneity  among  ygd&-m.--The  pairwise matrix of  nucleotide  divergence 
among  populations  (Table  11) was used  to constmct a UPGMA phenogram  (Fig. 5). The 
phenogram  differentiates two very  distinct  groups:  1)  Kenai  and  Kasilof  Rivers,  and 2) 
Northeastem Cook Inlet, Knik Arm, Susitna  River,  Yentna  River,  and  Western Cook Met. 
The two populations  that do not conform to this regional  clustering  are Packers Lake 
(classified as a  Western Cook Inlet  population  but  clusters  with  the  Upper  Russian  River)  and 
Shell  Lake  (a  Yentna  River  tributary  that  clusters  with  Kenai  River  populations).  While  there 
is  also  some  interregional mixing of  populations  within  these two distinct  clusters,  it  may be a 
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result of limited  population  sampling h m  some  of  these  regions.  Further  analysis  of 
additional  populations may meal additional  divergence. 

Monte  Carlo  simulations @off and BentZen 1989) were  used to test  for  geographic 
heterogeneity in mtDNA  haplotype  ffequencies within regions,  among  regions,  and  among  all 
populations  sampled.  The  among-region  test  was  conducted  by  pooling  populations  within 
regions.  A  total  of 10,OOO replicates  were  examined  for  each  simulation.  Results  for  the 
within  region  tests  indicate  that  significant  heterogeneity  exists  within all regions (P = O.OOO), 
except  among Kasilof River  samples (P = 0.837)  (Table  12).  Significant  heterogeneity in 
haplotype  frequencies  was also detected (P = O.OO0) in  both  the  among  region  and  among 
population  tests  (Table  12). ?his is also reflected  in  the F, statistic  of  0.333  which  indicates 
that a  third  of  the  variation can be attributed  to  among  populations  while  the  remainder  is 
distributed  within  populations. 

Mixed-stock  analyses.--The  mtDNA data was  tested  for  its  ability to improve 
allozyme-based  MSA  estimates  within  Cook  Inlet. This testing  procedure  involved &g 
two  sets of simulations.  The fmt set of  simulations  used  allozyme data only  from  the  same 
subset  of  populations  that  were  analyzed  for  mtDNA  variation.  For  all  simulations,  the  region 
being  tested  comprised  100%  of  the  mixture (N = 400)  and  100 bootstrap resampling were 
conducted. In this way,  regional  misallocations  could  be  examined.  Simulations  were 
conducted  for  each  region,  and  regional  allocations  were  tabulated  (Table 13). Once the 
simulations  were  completed  with  only  the  allozyme data, the  mtDNA data, consisting  of 
haplotype  frequencies,  were  included  and  the  simulations  were  repeated  following  the  same 
protocol. In all cases, with  the  exception  of Knik Arm, the  mtDNA data improved  the  mean 
allocation  estimates to the correct region  (Table  13,  bold  numbers).  The  standard  deviations 
of  the mean estimated  allocations to the  correct  regions  showed  a  similar  decreasing  trend 
with  the  addition  of  mtDNA data (again  with  the  exception  of Knik Arm), indicating an 
improvement in precision. 

DISCUSSION 

'Ihe  objective  of this study  was to improve  stock  assessment  capabilities  for  sockeye 
salmon in an effort to protect  and  restore  populations  injured  in  the  spill. Our goal was to 
obtain  baseline  genetic data from  all  significant  spawning  populations  contributing to mixed- 
stock  harvests  in  Cook  Inlet.  A  comprehensive  analysis of the  genetic  diversity  of  Cook  Inlet 
sockeye salmon was  conducted.  We  surveyed  approximately 7,400 individuals  representing 
about 50 putative  populations  for  up  to 68 allozyme  loci. Our mtDNA  analysis  included  a 
subset  of  22  populations and 920 individuals.  The  allozyrne data combined  with  the  mtDNA 
data give  a  detailed  picture  of  the  genetic  diversity of  Cook  Inlet  sockeye salmon, and the 
data can be used  not  only  to  describe  the  diversity of the  Inlet,  but  also to assess the 
contribution  of  injured  populations  to  mixed-stock  aggregations. 

Genelic diversity of Cook Inlet sockeye  salmon 
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?his study  represents  the  first  comprehensive  analysis  of  sockeye  salmon  fiom  Cook 
Inlet  since that of  Grant et al. (1980).  Grant  et  al.  (1980)  identified six informative of 26 
total  loci  !?om  13  populations  !?om  the  Kenai,  Kasilof,  and  Susitna  River  drainage.  They 
documented  heterogeneity  among  both  the  Kenai  and  Susitna  drainage,  while  little 
heterogeneity  was  detected  among  Kasilof  River  populations.  Wdmot  and  Burger  (1985) 
surveyed  Russian  River  populations  and  documented  significant  differences between the  early- 
and laterun populations fhm the  Russian  River  at LDH-B2* and S A P .  This study c o n f i i  
the  previous  observations  of  Grant  et al. (1980)  and W h o t  and  Burger  (1985)  and  greatly 
expands  the  database  both  in  terms  of  loci  and  number  of  populations. 

Sockeye  salmon typically spawn in rivers  or  smaller creeks associated  with  nursery 
lakes,  and  it  has  been  suggested that the  nursery  lake  is  the  primary  unit  of  genetic  structuring 
(Utter et al.  1984; Wood et  al.  1994). This may  reflect  the  tendency  of  sockeye  salmon to 
home  with great fidelity  to  their natal streams, presumably to a greater extent than other 
Pacific salmon (Q1.nn 1985; Q u i  et  al.  1987).  Juveniles  will  typically  rear f?om one to two 
years  in  a nursery lake  before  undergoing  smoltification  and  migration to the sea. 

The  Kenai  River  drainage  includes  several  nursery  lakes.  Early-  and  late-run  Russian 
fiver populations rear in  Upper  and  Lower  Russian Lakes, "mainstem"  spawning  populations 
(outlet of Skilak  Lake, behyeen Kenai  and  Skilak  Lake,  Russian  River  below  the  falls, Quartz 
Creek)  are  believed to rear in  Kenai  and  Skilak  Lakes,  Moose  Creek  rear  in  Upper  Trail 
Lake,  Tern  Lake rear in  Tern  Lake  itself, Ptarmigan Creek  rear  in Ptarmigan Lake,  and 
Hidden  Creek  juveniles  rear  in  Hidden  Lake.  The  genetic  diversity  among  Kenai  River 
populations  is  clearly far greater than  previously  documented.  Two  separate  lineages 
corresponding to an early-  and  late-run OCCUT above  the  falls in the  Russian  River.  The  falls 
serve as an effective  isolating  barrier  with  populations  below  the  falls  joining  a  large 
aggregation of mainstem  populations  that  rear  in  Kenai  and Skilak Lakes. This aggregation  is 
supported  by  both  the  allozyme  and  mtDNA data sets. A third  highly  divergent  lineage is 
repmented by  the  Hidden  Creek  population,  and an additional  outlier  with  distinct  genetic 
profiles occurs in  Moose  Creek.  Tern  Lake  and Quartz Creek  populations a p p  to  be 
somewhat  intermediate,  not joining any  distinct  grouping. 

Sockeye salmon f?om  four  spawning  tributaries as well as two beach spawning sites 
were  surveyed  fiom  Kasilof  River  and Tustumena Lake.  Little  heterogeneity  among 
populations  rearing  in  the  lake was apparent  with three populations  (Bear,  Moose,  and 
Seepage  Creeks)  being  nearly  indistinguishable.  Tustumena  Lake has been only l l l y  
deglaciated  for  about 2,000 years, so that  any  divergence  of  these  populations  may  have 
occurred relatively  recently. 

7he National  Biological  Service (NBS) presently has unpublished data f?om 
Tustumena  Lake  suggesting  that  the tributary spawners are distinct  fiom  beach  spawners (Carl 
Burger,  National  Biological  Service,  Anchorage,  personal  communication),  but  we  could  not 
detect  a similar relationship.  Their  conclusions are based  on  allozyme data but are not 
reflected  in  their  mtDNA data. They  have  also  detected  a  distinct  late run of river-spama 
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that appear near  the  end  of  September  at  the  outlet of Tutumena Lake  @urger  et  al.  1W5). 
These  outlet-spawners  have  a  distinct  genetic  profile  based  on  both  mtDNA  and  allozyme 
data (Carl  Burger,  personal  communication).  No  outlet  spawners  were  included  in this study. 

We did  detect  heterogeneity between multiple  collections  fi-om  Glacier  Flat  Creek. 
Glacier  Flat  served as an  egg source for  enhancement  of Twtumena Lake, so the  allele 
kquencies could  have been influenced  by  enhancement  activities.  Temporal  instability  of 
allele  fiequencies  from  hatchery  populations has  been noted  by  many  authors  (Waples  1991; 
Winans  et  al.  1994;  Phelps et al.  1994). This same  phenomenon  was  also  observed  at  Fish 
Creek  in Knik Arm. Fish  Creek  served as the  broodstock  for  the  Big  Lake  Hatchery  and  at 
one  time  received e g g  from  Tustumena  Lake.  Interestingly,  the  genetic  effects  of this egg 
transfer may still  persist. G3PDH4*108 consistently occurs in the  Kasilof  drainage 
populations,  but  the  only  occurrence  outside  the draiige is  in  a  Fish  Creek  collection. 

The high level  of  divergence  of Switna River  and  Western  Cook Inlet populations  was 
not  completely unexpsted, as Grant et al.  (1980)  also  noted  significant  divergence  of  Susitna 
River  populations.  Unlike  the Kenai and  Kasilof  River  drainage,  there  are  no  large  nursery 
lakes  that  support  multiple  tributary-spawning  populations.  Rather,  there  are  a  number  of 
isolated  smaller  lake  systems. This isolation  has  likely  lead  to  the  considerable  divergence 
evident in both  regions. 

The data from  the  Kenai,  Kasilof,  and  Susitna  River  drainages  support  the  model  of 
differentiation  of  populations  based  on  nursery  lakes. This differentiation  among  nursery 
lakes  is  reflected in the  gene  diversity  analysis  where 7.6% of the  variability  existed  among 
sites within regions while  only  3.8% of the  variability  could be attributed  to  the  among  region 
component. Wood et  al.  (1994)  report  similar  results  fi-om  a  study  of  variation  in  83  distinct 
spawning  sites  representing  all  major  sockeye-producing  river  systems  in  Canada  They 
report  extensive  differentiation  among  nursery  lakes  attributed to founder  effects  and  isolation 
through strict  homing  behavior.  The  results  fi-om  their  genetic  analysis  were  quite  similar to 
this study.  They  found 7% of  the  variation to be attributable  to  differences  among  lakes 
within  drainage  with  lesser  amounts  attributed to among  drainage  within  systems  and  among 
river  systems  components. 

The  Crescent  River  drainage  diverges  from this general  pattern.  In this case,  the two 
sampled  sites on Crescent  Lake are significantly  different  fiom  each  other.  Colonization  of 
these two sites  may  have  stemmed  fiom  different  lineages  or  the  founders  could  have 
undergone  a  severe  bottleneck  event. A third  site,  Crescent  River,  was  also anal+ early  in 
the study,  but is probably  a  mixed-stock  sample  not  representative  of  a  single  spawning 
population.  Further  investigation  of this system  is  warranted as here may be additional 
distinct  lineages  inhabiting  Crescent  Lake  which  have  not been surveyed. 

Divergence  within  a  nursery  lake  is seen in this study between the early- and  late-run 
Russian  River  populations, between sites  in  Crescent  Lake,  and  possibly between sites  in 
Stephan  Lake.  Temporal  divergence within lakes has  been noted  for  other  sockeye  salmon 
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populations.  Wilmot  and  Burger  (1985)  report  differences between early-  and  late-run 
sockeye  salmon returning to Karluk  Lake.  Vamavskaya et al. (1994a)  studied  the  population 
structure  within  nine  lake  systems  in North America  and  Russia  and  found  differentiation 
among  subpopulations  exhibiting  different  run  timing  (earlier  vs.  later)  or  utilizing  different 
spawning  habitat  (tributary  vs.  beach).  They  attribute  the  differentiation to precise  homing to 
the natal streams, not just to the  lake  systems. 

Multiple  studies  have  examined  the  relationship  of  sockeye  salmon across a  large 
portion  of  the  range  (Utter  et  al.  1980; Wood et  al.  1994;  Vamavskaya et al. 1994b;  Bickham 
et al.  1995;  Beacham  et  al. In press). These  studies  support  the  hypothesis  that  present 
sockeye  salmon  population structure is  probably  the  result  of  interactions  among  several 
colonizing  groups  that  survived  the  last  ice  age  in  isolated rehgia with  different  habitat 
characteristics.  Refugia  where  sockeye  salmon are know to  have  survived  include  the 
Pacific Rehgium (Columbia  River)  and  Beringia  (h4cPhail  and  Lindsey  1970). 

The  authors of these  studies  used  different  techniques  and  sampled  different 
populations  but  arrived  at  the  same  conclusion  that  sockeye  populations  were  recolonized 
from two separate rehgia Utter  et al. (1980)  collected  allozyme data fiom populations  from 
throughout the Pacific Rim. The  conclusions  of  Vamavskaya  et al. (1994b)  were  also  based 
on  allozyme  data  compiled  from  populations  ranging  from  Kamchatkq  Bristol  Bay,  Kcdiak 
Island,  Cook  Inlet,  and  south through Southeast  Alaska  and  British Columbia Similar 
conclusions  were  reached  by  Beacham et al. (Inpress) and  Bickham  et al. (1995).  Beacham 
et  al. (In press) examined  nuclear  DNA  divergence  using  minisatellites  in  10  populations 
across six draiiages ranging from Kuril  Lake  in  Russia,  Bristol  Bay  in  Alaska,  British 
Columbia,  and  Washington.  Bickham  et  al.  (1995)  surveyed  the  cytochrome b gene  of 
mitochondrial  DNA  in  populations  similar  to Beacham et al. (In press). 

Mitochondd DNA imighls on colonization of Cook Inlet 

Late-Wisconsin  glaciation  probably  played  an  important  role  in  the  colonization  of 
sockeye  salmon  in  the  major  Cook  Inlet  drainages.  It seems probable that the  Kenai  and 
Kasilof  Rivers  were  open  for  colonization  before  many  of  the  other  drainages  in  Cook  Inlet 
were kee of glacial  ice  (Reger  and Pinney In press). While  the  upper  Kenai  and  Kasilof 
Rivers  were still blocked  with  glacial  ice,  suitable  habitat  for  spawning  sockeye  salmon (in 
the  form  of  impounded  lakes  and  their  resulting  outwash)  existed  near  the  outlets  of  both 
rivers. 

Mitochondrial  DNA  is usefd in  examining  past  colonization  events  because  of its 
strict maternal inheritance  and  haploid  nature,  which reduces the  effective  breeding  population 
size to one fourth  that of nuclear  genes  (Avise et al.  1987).  The reduced effective  population 
size can greatly  influence  the kquencies of  haplotypes  due to greater pressures  of  genetic 
drift. Therefore,  low haplotype diversity  within  a  population  could  indicate  the  population 
went through some  sort  of  bottleneck  (i.e.,  the  populations  may  have been founded  by  a  small 
number  of  females  or  the  number  of breediig individuals  was  drastically reduced at some 

29 



point). 

If we  examine  haplotype  frequencies  fiom  the Kenai River  drainage,  one  population 
fits this  scenario. The upper Russian  River  populations  (early  and  late run) have an almost 
complete  lack  of  variation  (haplotype I = 97%).  The  Russian  River  valley was probably  one 
of the  last  to  become fiee of glacial  ice,  which  would  mean  it  was  probably  colonized  most 
recently. In addition,  the presence of an  imposing  water fall two miles  &om its coduence 
with  the mainstem of the  Kenai  River  probably  also  played  a  role  in  limiting  the  number of 
founders  in  the first few generations. 

Other  populations  with  a  similar  lack  of  variation are Daniels  Lake  outlet  (haplotype I1 
= 100%) and  Packers  Lake  (haplotype I = 95%),  which indicates these  populations  probably 
underwent  colonizations  with  small  number  of  founders.  Many of the  other  populations 
examined fiom Cook Inlet had greater  haplotype  diversity. 

Mixdstock analyses P A )  

In addition to describing  the  genetic  diversity  present  in  Cook  Inlet,  a  primary  goal  of 
this study  was to evaluate  and  utilize  the  genetic data for MSA to  aid  in  the  restoration of 
injured  Kenai  River  populations. Of the 68 allozyme  loci  detected  in this study,  a  set of 27 
were  used  in  the  majority of the  admixture  analyses. This represents a  large  increase  ii-om 
the  earlier  study  where  Grant  et  al.  (1980)  successfully  discriminated  Kasilof  and  Susitna 
populations of sockeye  salmon  with  only three informative  loci. 

A basic  requirement  of MSA using  genetic data is that all  major  contributing 
populations are represented  in  the  baseline. To a  large  extent, this assumption can be met  by 
the  extensive  genetic  information  collected  by this study.  However,  unlike  some  other  species 
of Pacific  salmon  such as chinook salmon (Utter  et al. 1993),  there  is  little  relationship 
between genetic  distance  and  geographic  distance.  Sockeye salmon populations  inhabiting  the 
same  drainage  may be more  divergent  than  populations  geographically  quite  separate. As a 
result, exhaustive  baseline  sampling  is  needed,  and  some  additional  baseline  sampling  is 
continuing. 

Evaluation  and  refmement of the h4SA model  was  conducted  primarily through 
simulation  studies  using  pure  or  100%  simulations.  Bias  in  the  estimated  composition  will be 
@est at the  most  extreme  compositions (0 or  100%)  given  the  constrained maximum 
likelihood  techniques  used (no estimates < 0.00  or > 1.00). A series of 100%  simulations, 
thus,  provides  a dificult test  of  the  model. 

Based on earlier  work  with  sockeye  salmon (Wood et al. 1989;  1994),  we  took  a 
conservative  approach to identifying  regional  reporting units and  used  the allocatesum 
procedure  to  estimate  regional  contributions. 'Ihe performance of the  Kenai River was  of 
particular concern. Performance  was  quite good with  a  simulation  estimate of 92.5% (S.D. 
4.7%).  Additional  indicators  of  the muracy of the  method are the  misallocations  to 
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particular  regions.  The  Kenai  River  also  performed  well  with  misallocations  in  simulations 
ranging from 0.5% fiom the Susitm to 3.2% for  West Cook Inlet.  The  Kasilof,  Northeastem 
Cook Inlet, and Knik Arm regions also performed  well.  Pooling  the Yentna and  Susitna 
regions  improved performance for  the  Susitna  populations.  The  poorest  results  were  obtained 
for  Western Cook Inlet, a  very  heterogeneous group of  populations  with  genetic  affinities to 
the Yentna and  Susitna  River  populations. 

The  results  for  the MLE estimates  over  the  three  years  varied  not  only  through  time, 
but also across years with the Kenai River estimate  varying from 88% to 53%. In all cases, 
the  Kenai  River  was  the  largest  contributor,  however  these  estimates  will vary depending  on 
the  relative run strengths, location  of sampling and  timing  of  sampling.  The  model can be 
used to accurately  track  their  timing  and  relative  abundance through the  Inlet as the  injured 
year-classes return to the  Kenai  River. 

The  inriver  mixed-stock  estimates can be used to  monitor  individual  populations 
within systems.  For  example,  the  Russian  River  and  Hidden  Creek  populations of the  Kenai 
River can be very  accurately  and  precisely  estimated  and can potentially  serve as indicator 
stocks for management  purposes. 

The  inriver  samples can also  provide an indication  of  the  adequacy  of  the  baseline. 
However,  intrinsic  in this application  is  the  assumption that very  little  stmying  or  "nosing  in" 
~ ~ ~ u r s .  Anecdotally,  biologists  have  observed  that  some  fish  will  temporarily  enter  a  non- 
natal stream prior to correctly  homing.  Some genal  trends a p p .  The data suggest  that 
the model performs the  most  poorly  early  in  the  season  and  improves  dramatically as the 
season  progresses. This strongly  suggests that the  baseline is weighted  towards  mid  or  later- 
timing  populations. This is likely  an  acceptable  bias as many  of  the  early-timing  populations 
may be very  low in actual  abundance  (Ken  Tarbox, ADF&G, Soldotna,  personal 
communication). 

Utility of d N A  in mixdstock analyses 

Mixed-stock  analysis  using  mtDNA  restriction-sites data has been used  only  recently 
for  genetic  stock  identification (wigin et al. 1993; Xu et al. 1994; Seeb  et al. 1995). Since 
the mtDNA  molecule  accumulates  mutations  fairly  rapidly  and  the  effective  population size 
for  mtDNA  is  much  smaller (Birky et  al. 1989), one  expects  levels  of  geographic 
differentiation in haplotype kquencies to be higher  than  its  relatively  slowly  evolving  nuclear 
counterpart  (Avise  et  al. 1987). However, this has not  always been the  case  with  Pacific 
salmon  (Park et al. 1993 and  references  therein).  For instance, a  single  variant  at ND5NM 
has more  discriminatory  power than any single  allozyme  locus  in separating chum  salmon 
from Japan from  the  rest  of  the  Pacific rim (Park  et al. 1993), but  cannot  identify  any  other 
region.  Conversely,  Seeb et al. (1995) used  allozyme data to  allocate  chum  salmon mixtures 
to seven  regions  around  the  Pacific Rim. 

Mitochondrial  DNA data do  provide  a  valuable  addition  to  the  allozyme  database  for 
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Cook  Inlet  sockeye  salmon. 'Ihe magnitude  of  variation  in  haplotype  frequencies  exceeds that 
of  any  single  allozyme locus examined in this study. With allozymes, the  largest  difference 
detected  among  Cook Inlet sockeye  populations is found  at PGM-2* (i.e., between Hidden 
Creek  '92  and  Daniels  Lake,  outlet  '92)  with  a maximum frequency  change  of 0.770; 
compared to hed differences in mtDNA ND54D.5 with  no shared haplotypes between 
Russian River above-the-falldlaterun and  Daniels  Lake,  outlet  (Table  9). 'Ihe degree  of 
mtDNA  differentiation  among  sockeye  salmon  populations h m  Cook  Inlet  is  quite high (i.e., 
FsT = 0.33) versus  a  lower  estimate  for  allozyme data (G* = 0.12).  We  only  examined  a 
small  proportion (ND5NLX region = 2400  bp  or - 15%)  of  the  mitochondrial  genome,  but 
similar  studies (cyt-blDloop region, Appendix H) have  shown  that  other  regions of this 
molecule are just as variable  and  capable  of  distinguishing  sockeye  populations. 

Table  13  shows that mtDNA data can improve  stock  estimates. 'Ihis is  expected 
because  we  are  adding  a  new,  highly  variable locus to  the  genetic  model  and  the  accuracy  of 
allocation is dependent  on  the  degree of divergence  among  stocks  (Pella  and  Milner  1987). 
On its own, however,  mtDNA  does  not  fair  well. This is  due, in part, to the limited number 
of haplotype  differences  (which  relates to the  number of nucleotides  surveyed)  detected 
among  the  populations.  A  greater  number  of  nucleotides  and  probably  more  populations  will 
need  to be sampled  in  order to detect  new  haplotypes that are  informative  at  the  population  or 
regional  levels  (Lynch  and  Crease  1990).  However,  Smouse  et  al.  (1994)  argued  that an 
increase  in  the  number of haplotypes  observed  may  not  improve mixture model performance 
because  biallelic  loci  with  fiequencies  ranging  fiom  0.2  to 0.8 provide  the  greatest  resolving 
power. 

?he allozyme  and  mtDNA data both  reveal a substantial  amount of genetic  diversity 
among  populations  of  Cook  Inlet  sockeye  salmon. This diversity  is  distributed both within 
and  among  major drainages. In general,  the data support  a  model of population  stmcture 
based  on  the  nursery  lake,  however  we  did  detect  significant  divergence  among  both  temporal 
and  geographic  components  within  nursery  lakes. 'Ihis diversity  likely  arises  ffom  isolation 
and  genetic drift among  nursery  lakes  combined  with  a  tendency of sockeye  salmon to home 
with great fidelity. 

The  results of the MSA indicate that Kenai  River  populations can be identified in 
mixtures of Cook  Inlet  sockeye  salmon at a level of precision  and accuracy useful  for 
fisheries  management  and  restoration.  The  accuracy  and  precision of the  estimates  can  likely 
be further improved as additional  DNA  baseline data become  available. 'Ihe data collected  in 
this study can also be used within  drainages  to  identify  specific  population  components. 
These  applications  are  currently  undenvay  on  the  Kenai  River to aid in the  restoration of 
injured  populations. 

Sockeye  salmon  fiom  Cook  Inlet  and throughout their  range  exhibit  a  complex 
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population  structure,  and this high level of diversity  likely indicates significant  local 
adaptation has occurred. Conservation of this diversity  should be incorporated  into  all 
restoration  and  management  efforts. 
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Table 1. Sockeye salmon populations  sampled for genetic studies. All  populations  originate 
fi-om Upper Cook  Inlet, 1992-1994. 

Location Sample N 
Date 

Ked River Dtainage 

1 Russian  River  (above  falls,  early) 

Russian  River  (above falls, late) 

Russian  River  (below falls, late) 

2 PtarmiganCreek 

3 TemLake 

4 QuartzCreek 

5 Ween KendSkilak Lake (early) 
River  mile 69.8 (Site 6) 
River  mile 69.8 (Site 6) 
River  mile 79.8 (Site 1) 
River  mile 76.6 (Site 2) 
River  mile 70.5 (Site 3) 

Ween K d S k i l a k  Lake  (late) 
River  mile 69.8 (Site 6) 
River  mile 79.8 (Site 1) 
River  mile 76.6 (Site 2) 
River  mile 70.5 (Site 3) 
River  mile 72.5 (Site 4) 
River  mile 65.3 (Site 5 )  

710 1/92  100 

8/06/92 100 
7/26/93  100 

811 7/93 100 

813 1/92  100 
8/05/93  98 

9/01/92  50 
8/24/93 100 

8/13/92 100 
7/27/93 100 

811 8/92  100 
8/13/93  99 
811 1/94  50 
8/ 1 2/94 50 
8/12/94  100 

8/27/93  100 
8/22/94 50 
8/23/94 50 
8/23/94  50 
8/23/94 50 
9/09/94  100 

8/03/92  100 
8/04/93  100 

6 Hidden Creek 
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Location  Sample N 
Date 

7 Skilak Lake  outlet (early) 
River  mile  49.6 (north bank, Site  1) 8/ 1  9/92  100 
River  mile  47.6 (south bank, Site  2) 8/13/93  100 
River  mile  47.6 (south bank, Site  2) 8120194  200 

Skilak Lake outlet  (late) 
River  mile  47.6 (south bank, Site  2) 
River  mile  47.6 (south bank, Site  2) 

8  Moose  Creek 

Susitna River  (Yenlna Dtainages) 

9  ChelatnaLake 

10  Yentna  River West Fork (Unnamed slough) 

11 Hewitt Lake 

12  Whiskey  Lake 

13  Shell  Lake (Sk~entna R) 

14 Trinity Lake 

15 Judd Lake  (Talachulitna R) 

Susitna River (Maimtern D~ainages) 

16 Byers Lake 

8/27/93  100 
8/30/94  200 

7/27/93  100 
7/13/94  100 

8/20/92  100 
8/02/93  100 

9/08/92  100 
9/08/93  100 

8/24/92  50 

9/03/93  50 

8/26/92  100 
9/01/93  100 

8/25/92  100 
9/03/93  100 

8/24/92  100 
8/24/93  100 

8/23/93 100 
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Table 1. Continued. 

Location Sample N 
Date 

17 SQhan Lake  (Talkeetna R) 
Site 1 (outlet  Prairie  Creek) 
Site 2 (lake  spawners) 
Site 2 (lake  spawners) 

18 Larson Lake  (Talkeetna R) 

19 BirchCreek 

20 RedShirt Lake 

21 Coal Creek  West  Fork  (Beluga R Drainage) 

22 Chilligan R (Chakachatna R Drainage) 

23 McArthur R Stream 12.4 (Chakachatna R) 
24 Wolverine  Creek (Big R Drainage) 

25 Crescent Drainage 
Crescent  River  Weir (River mile 2) 

Crescent  Lake  Site 1 (South Shore) 
Crescent  Lake  Site 2 (near outlet) 

26 Packers  Lake (Kalgin Island) 

Kasilof  River Drainage 

27 Bear Creek 

811 9/94 25 
9/08/93  100 
8/ 1 9/94  25 

8/20/92  100 
813 1 I93 100 

8/19/93  67 

911  5/93  34 

910 1/92  100 
8/25/93  100 

9/08/92  100 
9/13/94 50 

811  8/93  100 

7/03/93  100 

7106-713 1/92 100 
7/08/93  100 

8/14/94 50 
8/14/94  50 

711 6/92  100 
7/26/93  100 

81 1 2/92 100 
8/03/93  100 
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Table 1. Continued. 

Location  Sample N 
Date 

Moose  Creek 8/ 1 0192 28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Glacier  Flat  Creek 

Niolai Creek 

Tustumena Lake  (lake  spawners) 
Site 1 (between Glacier  Flat and Crystal  Ck) 
Site 2 (mouth of Crystal  Creek) 

Seepage Creek 

Notiheastern Cook Inlet Drainages 

Bishop  Creek (Stream 602) 

Daniels  Lake  (Bishop  Ck.  Drainage) (Shm. 601) 

Knik Ann (Iiffle Susilna River D~ainages) 

Nancy Lake  (Little Susitna R) 

Cottonwood  Lake (Knik A r m )  

Fish  Creek 

8/03/93 

8/11/92 
8/02/93 
8/04/94 

7/29/92 
7/27/93 

813 1 194 
910 1/94 

8/25/94 

8/23/93 

9/02/92 
8/20/93 

100 
100 
100 
100 
100 

100 
100 

50 
50 

100 

100 

100 
100 

8/26/93  100 

811 8/93 100 

8/0 1 192  100 
8/16/93 100 
8/15/94  100 
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Table 1. Continued. 

Location 

Iruiver Composite Samples 

Kenai River  (fish  wheel  site,  river  mile 19) 
1992- 1 
1994-1 
1994-2 
1994-3 
19944 

Kasilof  River  (fish  wheel  site,  river  mile 7) 
1992- 1 
1992-2 
1994- 1 
1994-2 
1994-3 

Susitna  River Mainstem (Sunshine  Station  fish 
wheel,  River  mile 80) 

Yentna  River  (fish  wheel  site,  river  mile 4) 
1992- 1 
1992-2 
1994 

Cornmetrial Sampling 

Drift gill  net  fishery 1992 

Drift gill  net  fishery 1993 

Drift gill  net  fishery 1994 

711  3192 
7108-7114194 
7117-711  8194 
713  1-810  1194 
8/09-811  1194 

7/02-7/03/92 
7122-7123192 
7108-7110194 

711 7/94 
8101-8103194 

7126192 
8104192 

7116192 
7124192 

7125-26194 

7113192 
7120192 

7/12/93 
711  6193 

7108194 

200 
88 

200 
200 
200 

200 
200 
200 
200 
98 

200 
114 

200 
200 
200 

200 
200 

400 
283 

350 
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Table 2. Enzymes or proteins screened in Cook Inlet sockeye  salmon.  Enzyme  nomenclature follows Shaklee et 
al. (lWO), and l o c u s  abbreviations are. given. Buffer abbreviations are. as described  in the text. 

Enzyme or Protein Enzyme Locus Tissue Buffer 
Number 

Aspartate aminotransferase 2.6.1.1 

Adenosine  deaminase 

Aconitate  hydratase 

Alanine  aminotransferase 

Creatine kinase 

3.5.4.4 

4.2.1.3 

2.6.1.2 

2.7.3.2 

EsteraseD 3.1.-.- 

Fructosebiphosphate  aldolase 4.1.2.13 

Formaldehyde  dehydrogenase' 1.2.1.1 
(Hydroxyacylglutathione  hydrolase) 

Fumarate  hydratase 4.2.1.2 

P-N-Acetylgalactosaminidase 3.2.1.53 

Glyceddehyds3-phosphate 1.2.1.12 
dehydrogenase 

sAAT-1.2* 

sAAT-3* 

mAAT-I' 

mAAT-2* 

ADA-1 * 
mAH-1,2* 

mAH-3* 

mAH-4* 

SAP 

ALA T* 

CK-AI* 

CK-A2* 

CK-B * 
CK-Cl* 

CK-C2* 

BTD* 

FBALD4' 

FDH * 
(It4GH*) 

rn 
PGALA' 

01 PDH-2 * 

GAPDH-3' 

Heart 

Eye 

Heart 

Liver 

Muscle 

Heart 

Heart 

Heart 

Liver 

Muscle 

Muscle 

Muscle 

Eye 

Eye 

Eye 
Muscle 

Eye 
Liver 

Muscle 

Liver 

Heart 

Heart 

ACE 7.2 

TECL 

ACE 7.2 

ACE 7.0 

KG 

ACE 7.2 

ACE 7.2 

ACE 7.2 

ACE 7.0 

KG 

TBCLE 
TECLE 
ACE 7.0 

ACE 7.0 

ACE 7.0 

TBCLE 

ACE 7.0 

TBE 

ACN 7.0 

ACE 7.0 

ACN 7.0 

ACN 7.0 
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Table 2. Continued. 

Enzyme or  Protein 

Glycerol-3-phosphate  dehydrogenase 1.1.1.8 

N-Acetyl-P-glucosaminidase 3.2.1.30 

Glucose-&phosphate  isomerase  5.3.1.9 

Glutathione reductase 1.6.4.2 

Ismitrate dehydrogenase (NADP) 1.1.1.42 

GLactate dehydrogenase 

aMannosidase 

Malate  dehydrogenase 

1.1.1.27 

3.2.1.24 

1.1.1.37 

GA PDH-4 * 
GA PDH-5* 

G3PDH-I,2* 

G3PDH-3' 

G3PDH-4* 

pGLUA * 
GPI-B1,2* 

GPI-A * 
GR ' 
mIDHP-I * 
mIDHP-2* 

sIDHP-I* 

sIDHP-2' 

LDH-AI* 

LDH-AZ' 

LDH-BI* 

LDH-B2* 

LDH-C* 

W N *  

sMDH-A1,2* 

sMDH-B1,2* 

mMDH-I * 
mMDH-2 * 

mMDH-3* 

Eye ACE 7.0 

Eye ACE 7.0 

Muscle ACN 7.0 

Heart ACN 7.0 

Heart ACN 7.0 

Liver Tc4 

Muscle TBCLE 

Muscle n3cLE 

Eye  TBCL 

Heart ACN 7.0 

Heart ACN 7.0 

Liver ACE 7.0 

Liver ACE 7.0 

Muscle ACN 7.0 

Muscle ACN 7.0 

Muscle TBCLE 

Liver TBE 

Eye KG 

Liver m 
Heart ACN 7.0 

Heart ACN 7.0 

Heart ACN 7.0 

Muscle ACN 7.0 

Muscle ACN 7.0 
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Table 2. Continued 

Enzyme or Protein 

Malic  enzyme @ALP+) 

Mannose6-phosphate  isomerase 

Dipeptidase 

Tripeptide  aminopeptidase 

Peptidase€ 

Proline  dipeptidase 

Peptidase-LT 

Phosphogluconate  dehydrogenase 

Phosphoglucomutase 

Superoxide  dismutase 

Triosephosphate isomerase 

1.1.1.40 

5.3.1.8 

3.4.-.- 

3.4.-.- 

3.4.-.- 

3.4.13.9 

3.4.-.- 

1.1.1.44 

5.4.2.2 

1.15.1.1 

5.3.1.1 

s r n - l *  

mMEp-I * 
MpI* 

PEPA * 
PEPB-I* 

P E *  

PEPDI* 

PEPLT* 

E D H *  

pc;M-I * 
EM-2*  

SSODI * 
TPI-1,2* 

TPI-3 

TPI-4; 

Liver 

Muscle 

Liver 

Muscle 

Heart 

Eye 

H& 

Muscle 

Liver 

Heart 

Muscle 

Liver 

Eye 

Eye 

Eye 

Tc4 

ACN 7.0 

TBE 

TBCLE 

TBE 

KG 

TBE 

TBCLE 

ACE 7.0 

ACE 7.2 

TBCLE 

TBE 

KG 

KG 

KG 

'HAGH(E.C. 3.1.2.6) and  FZ)H(Formaldehyde  dehydrogenase,  E.C. 1.2.1.1) appear to be the  same locus. 
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Table 3. Hietarchid G-statistic log-likelihood analysis for Cook Inlet. 
Populations 
Among  regions 
Wlthin regions 
Kenai River' 

Among streams 
Between Years 

Russian River, abov2 
ptarmigan Creek 
Tern  Lake 
Quartz Creek 
B m  KedSki, 92'93 
Hidden  Creek 
Skilak Lake, outlet 
Moose Creek, Kenai 

Yentna River 
Among streams 
Between years 

Chelatna  Lake 
Yen- River, west fork 
HewiU/Whiskey Lakes 
Shell  Lake 
Trinityhbvie Lakes - Susitna River 

- 

IF sAAT-1.2 DF sAAT-3 DF &AT-I DF &AT-2 DF mAH-I,.? DF mAH-4 DF sAH DF A U T  
12  31.75 6 9.94 6 479.40 6 403.58 6 202.70 6 11.43  18  899.59  18  821.29 
32  21.69  66  21.08 66 460.17  66  595.05  66  340.86  66  34.73  198  1980.78  198  1341.77 
44  0.00 22 0.00  22  100.54  22  577.87 22 89.04  22  20.03 66 1932.11 66 572.39 
26 0.00 13  0.00  13  92.56  13  566.80  13  70.42  13  17.59  39  1923.00 39 546.40 
18  0.00 9 
2 0.00 1 
2 0.00 1 
2 0.00 1 
2 0.00 1 
2 0.00 1 
2 0.00 1 
4 0.00 2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

9 7.98 9 
1 2.53 1 
1 0.97 1 
1 0.55 1 
1 0.48 1 
1 0.24 1 
1 0.41 1 
2 2.44 2 

11.07 
0.96 
0.00 
3.27 
2.86 
0.00 
0.25 
1.84 

9 18.62 9 2.44  27 9.11 27 25.99 
1 13.79 1 0.00 3 0.60 3 1.82 
1 0.41 1 0.00 3 1.09 3 0.30 
1 2.35 1 2.44 3 2.20 3 0.35 
1 1.57 1 0.00 3 0.00 3 5.36 
1 0.17 1 0.00 3 2.52 3 2.08 
1 0.02 1 0.00 3 0.00 3 3.05 
2 0.20 2 0.00 6 2.21 6 10.71 

2 0.00 1 0.00 1 0.36 1 1.89 1 0.11 1 0.00 3 0.49 3 2.32 
22  0.00  11 6.18 11 151.45 11 0.00 1 1  34.80  11 14.70  33 6.82 33  208.02 
10  0.00 5 4.81 5 143.40 5 0.00 5 23.64 5 9.16  15 6.82 15 200.50 
12 0.00 6 1.37 6 8.05 6 0.00 6 11.16 6 5.54  18 0.00 18 7.52 
2 0.00 1 0.00 1 0.01 1 0.00 1 0.00 1 4.15 3 0.00 3 1.68 
2 0.00 1 0.00 1 0.00 1 0.00 1 0.05 I 0.00 3 0.00 3 0.45 
2 0.00 1 1.37 1 2.02 1 0.00 1 5.15 1 0.00 3 0.00 3 0.75 
2 0.00 1 0.00 1 5.52 1 0.00 1 0.21 1 0.00 3 0.00 3 1.03 
2 0.00 1 0.00 1 0.02 1 0.00 1 0.00 1 0.00 3 0.00 3 1.42 
2 0.00 1 0.00 1 0.48 1 0.00 1 5.75 1 1.39 3 0.00 3 2.19 

12 21.69 6 0.00 6 83.18 6 0.00 6 35.05 6 0.00  18 13.34 18 103.01 
8 19.45 4 0.00 4 80.49 4 0.00 4 28.82 4 0.00  12 11.54 12 96.54 
4 2.24 2 0.00 2 2.69 2 0.00 2 6.23 2 0.00 6 1.80 6 6.47 
2 2.24 1 0.00 1 0.40 1 0.00 1 2.24 1 0.00 3 1.80 3 4.85 
2 0.00 1 0.00 1 2.29 1 0.00 1 3.99 1 0.00 3 0.00 3 1.62 
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Table 3. Continud 

Between years 
coal Creek 

6 0.00 3  2.78  3  3.08  3 0.00 3  5.29  3 0.00 9 0.00 9  8.66 

2 0.00 1 0.00 1 0.97 1 0.00 1 0.23 1 0.00 3 0.00 3 0.55 Chilligan  River 
2 0.00 1 2.78 1 0.39 1 0.00 1 1.92  1 0.00 3 0.00 3  7.26 

- 
Crescent River 

Kasilof  River 
Among s t r e a m s 5  

Between years 
Bear Creek 
Moose Creek, Tustumen 
Glacier Flat Creek 
Nikolai Creek 

Northeastem Cook Inlet 
Among streams6 
Bet\Meen Years  

2 0.00 1 0.00 1 1.72 1 0.00 1 3.14 1 0.00 3 0.00 3 0.85 
22 0.00 11 4.75  11 14.61 11 4.82 11 15.74  11 0.00 33 8.20  33 18.27 
12 0.00 6  2.53  6 9.18  6 2.60 6  10.46 6 0.00 18 6.02  18 8.65 
10 0.00 5 2.22  5 5.43  5 2.22 5  5.28  5 0.00 15 2.18  15 9.62 
2 0.00 1 0.00 1 2.32 1 0.00 1 0.00 1 0.00 3 0.00 3 1.75 
2 0.00 1 0.00 1 0.14 1 0.00 1 0.37 1 0.00 3 0.00 3 0.51 
4 0.00 2  2.22  2 1.26  2 2.22 2  3.90  2 0.00 6 2.18 6 5.53 
2 0.00 1 0.00 1 1.71 1 0.00 1 1.01 1 0.00 3 0.00 3 1.83 
4 0.00 2 0.00 2 47.09  2 2.17 2  4.39  2 0.00 6 11.25 6 37.87 
2 0.00 1 0.00 1 44.10  1 0.79 1 1.62 1 0.00 3 9.85  3 33.85 
2 0.00 1 0.00 1 2.99 1 1.38 1 2.77 1 0.00 3 1.40  3 4.02 

Daniels  Lake, outlet 
Knikh 1 

2 0.00 1 0.00 1 2.99 1 1.38 1 2.77 1 0.00 3  1.40  3  4.02 

4 0.00 2 0.00 2  8.44  2 0.00 2  28.52  2 0.00 6 0.00 6 32.60 Among streams7 
8 0.00 4 0.00 4  16.94  4 0.00 4 32.75  4 0.00 12 0.00 12 43.55 

Between years 4 0.00 2 0.00 2  8.50  2 0.00 2  4.23  2 0.00 6 0.00 6 10.95 
Fish Creek 4 0.00 2 0.00 2  8.50  2 0.00 2  4.23  2 0.00 6 0.00 6 10.95 
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Table 3. Continued. 

Whhin regions 
Kenai  River 

Among streams 
Between years 

Russian River,  above 
Ptarmigan Creek 
Tern Lake 
Qwtz Creek 
Btwn KedSki,  92/93 
Hidden Creek 
Skilak Lake, outlet 
Moose Creek, Kenai 

Yentna  River 
Among streams 

Chelatna  Lake 
Y e n h  River, west fork 
HewiWWhiskey Lakes 
Shell Lake 
TrinityMovie Lakes 

Be- years 

* Susitna River 

E Stephan Lake 

IF CK-A2 DF CK-B DF FDH DF GAPDH-2 DF G3PDH-l,2 DF G3PDH-4 DF GPI-B1,2 DF GPI-A 
6 11.05  6  8.89  6  3.82  12  70.62 18 20.25  6  77.14  12  364.05  12  49.51 

66 39.25  66  17.22  66 9.17 132 128.17 198 35.45  66  17.80  132  87.23  132  64.59 
22 34.51  22  6.69  22 9.17 44 83.53 66 35.45  22 0.00 44  31.73 44 46.86 
13  30.70  13 4.49 13  7.01  26  71.33 39 29.44  13 0.00 26  27.28 26 45.84 

~ ~~ ~~ 

~~ 

9 
1 
1 
1 
1 
1 
1 
2 

~~ 

3.81 
0.00 
0.00 
0.00 
2.99 
0.82 
0.00 
0.00 

9  2.20 9 2.16 18 12.20 27 6.01  9 
1 2.20 1 0.00 2 2.22 3 0.00 1 
1 0.00 1 1.34 2 0.00 3 0.00 1 
1 0.00 1 0.00 2 0.00 3 0.81 1 
1 0.00 1 0.00 2 0.00 3 0.00 1 
1 0.00 1  0.82 2 4.95 3 2.99 1 
1 0.00 1 0.00 2 1.35 3 0.00 1 
2 0.00 2 0.00 4 3.68 6 2.21  2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

18 4.45 18 1.02 
2 0.00 2 0.00 
2 0.00 2 0.00 
2 0.00 2 0.00 
2 0.21 2 0.00 
2 0.00 2  0.82 
2 0.34 2  0.20 
4 2.50 4 0.00 

1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 1.40 2 0.00 
11 0.00 11 0.00 11 0.00 22 0.00 33 0.00 11 0.00 22 0.00 22 0.00 
5 0.00 5 0.00 5 0.00 IO 0.00 15 0.00 5 0.00 10 0.00 IO 0.00 
6 0.00 6 0.00 6 0.00 12 0.00 18 0.00 6 0.00 12 0.00 12 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 
6 0.00 6 0.00 6 0.00 12 35.21 18 0.00 6 0.00 12 6.64 12 0.00 
4 0.00 4 0.00 4 0.00 8 35.04 12 0.00 4 0.00 8 5.25 8 0.00 
2 0.00 2 0.00 2 0.00 4 0.17 6 0.00 2 0.00 4 1.39 4 0.00 
1 0.00 1 0.00 1 0.00 2 0.17 3 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 1.39 2 0.00 
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Table 3. Continued. 
Populations 

7 0.00 7 0.00 7 0.00 14  3.27  21 0.00 7 0.00 14  4.69 14 0.00 Amone streams 

IO 0.00 IO 0.00 IO 0.00 20 4.65  30 0.00 IO 0.00 20  4.69  20 0.00 Western Cook Inlet 
DF CK-A2 DF CK-B DF F21H DF GAPDH-2 DF G3PDH-1.2 DF G3PDH-4 DF GPI-B1.2 DF GPI-A 

Between years 
" 

3 0.00 3 0.00 3 0.00 6 1.38 9 0.00 3 0.00 6 0.00 6 0.00 
Coal Creek 
Chilligan  River 

1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 

1 0.00 1 0.00 1 0.00 2 1.38 3 0.00 1 0.00 2 0.00 2 0.00 Crescent  River 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 

Kasilof  River 11 4.74  11  10.53  11 0.00 22  4.78 33 0.00 11  11.40  22  40.97  22 0.00 

0.00 5 0.53  10  15.63 IO 0.00 
Bear Creek 1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.34 2 0.40 2 0.00 
Moose Creek, 1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 0.00 

Glacier  Flat  Creek 2 2.16 2 0.00 2 0.00 4 2.16 6 0.00 2 0.19 4 11.82 4 0.00 
Nikolai Creek 1 0.00 1 0.34 1 0.00 2 0.00 3 0.00 1 0.00 2 3.41 2 0.00 

Northeastem Cook Inlet 2 0.00 2 0.00 2 0.00 4 0.00 6 0.00 2 0.00 4 0.00 4 17.73 

0.00 1 0.00 2 0.00 2 11.25 
Daniels Lake, outlet 1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 11.25 

Kni  Arm 4 0.00 4 0.00 4 0.00 8 0.00 12 0.00 4 6.40 8 3.20 8 0.00 
Among streams 2 0.00 2 0.00 2 0.00 4 0.00 6 0.00 2 2.06 4 1.01 4 0.00 

2.19 4 0.00 
Fish  Creek 2 0.00 2 0.00 2 0.00 4 0.00 6 0.00 2 4.34 4 2.19 4 0.00 

Among streams 
5 2.16 5 0.34 5 0.00 10  2.16  15 - Years 6 2.58 6 10.19 6 0.00 12  2.62  18 0.00 6 10.87  12  25.34 12 0.00 

Among streams 
1 0.00 1 0.00 1 0.00 2 0.00 3 - Y- 
1 0.00 1 0.00 1 0.00 2 0.00 3 0.00 1 0.00 2 0.00 2 6.48 

- Years 2 0.00 2 0.00 2 0.00 4 0.00 6 0.00 2 4.34 4 

52 



Table 3. Continued. 
Populations 
Among regions 

Kenai  River 
Among streams 
Between years 

Russian  River,  above 
ptarmigan Creek 
Tern Lake 
@arlz Creek 
Btwn KedSki, 9293 
Hidden  Creek 
Skilak Lake, outlet 
Moose Creek, Kenai 

Yenma River 
Among streams 
Between years 

Chelatna  Lake 
Yentna  River, west fork 
Hewitt/Whiskey  Lakes 
Shell  Lake 
TrinityMovie Lakes 
Judd Lake 

Susitna River 
Among streams 
Between years 

Stephan Lake 
Larson Lake 

DE mIDHP-I DF sIDHP-I DE sIDHP-2 DE LDH-A2 DE LDH-B2 DE sh4DH-A1.2 DE SMDH-B1.2 DE mMEP-I 
12  62.71  24  230.38 12 324.94  6 11.04 12  361.98  12  116.65  18  177.80  12  64.85 
32  40.11  264  203.81  132  601.83  66  34.47  132  669.83  132  125.80  198  192.70  132  68.59 
44  3.91  88  70.05 44 601.83  22  5.36  44  345.91  44  91.03 66 22.60  44  3.87 
26  2.80  52  51.19 26 575.90  13  4.53 26 327.00  26  82.74  39  15.44 26 2.91 
18 1.11 36  18.86  18  25.93  9  0.83  18  18.91  18  8.29  27 
2 0.00 4 0.00 2 0.00 1 0.00 2 11.99 2 0.00 3 
2 0.00 4 1.09 2 0.00 1 0.00 2  0.15  2  0.72  3 
2 0.00 4 0.00 2 0.00 1 0.00 2  0.30  2 0.00 3 
2 0.00 4  2.77  2  20.51 1 0.00 2  3.05  2  1.03  3 
2 0.00 4  3.81  2 0.00 1 0.83  2  0.60  2  2.88  3 
2 0.00 4 0.00 2  0.96 1 0.00 2  0.85  2 0.00 3 
4 1.11 8  8.42  4 0.00 2 0.00 4  1.85  4  3.66 6 
2 0.00 4  2.77  2  4.46 1 0.00 2  0.12  2 0.00 3 

7.16 
0.23 
0.00 
0.00 
0.00 
0.00 
0.00 
6.93 
0.00 

18 0.96 
2 0.00 
2 0.00 
2 0.00 
2 0.00 
2 0.00 
2 0.00 
4 0.96 
2 0.00 

22 0.00 44 0.00 22 0.00 11 0.00 22 99.25 22 0.00 33 0.00 22 0.00 
10 0.00 20 0.00 IO 0.00 5 0.00 IO 88.95 10 0.00 15 0.00 10 0.00 
12 0.00 24 0.00 12 0.00 6 0.00 12  10.30  12 0.00 18 0.00 12 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  0.38  2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  0.68  2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  2.83  2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2 0.00 2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  4.93 2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  1.48  2 0.00 3 0.00 2 0.00 

12 0.00 24  91.46 12 0.00 6 0.00 12  24.80  12 0.00 18 0.00 12 0.00 
8 0.00 16  91.44  8 0.00 4 0.00 8  20.24  8 0.00 12 0.00 8 0.00 
4 0.00 8  0.02 4 0.00 2 0.00 4  4.56 4 0.00 6 0.00 4 0.00 
2 0.00 4  0.02 2 0.00 1 0.00 2  4.37 2 0.00 3 0.00 2 0.00 
2 0.00 4 0.00 2 0.00 1 0.00 2  0.19 2 0.00 3 0.00 2 0.00 
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Table 3. Continued. 

1- Po ulations 

Among streams 
Between years 

Coal  Creek 
Chilligan  River 

Kasilof  River 
Among streams 
Between years 

Bear Creek 
Moose Creek, Tustumen; 
Glacier Flat  Creek 

DF mlDHP-1 DE slDHP-I DE sIDHP-2 DE LDH-A2 DF LDH-B2 DE sMDH-A1,2 DE smH-BI.2  DF nrMEP-1 
20 10.23  40  20.08  20 0.00 IO 24.33  20  102.13 20 0.00 30 163.29  20  59.94 
14  7.47  28  20.08  14 0.00 7 15.44 14  93.97  14 0.00 21 162.30  14  59.94 
6 2.76  12 0.00 6 0.00 3 8.89 6 8.16 6 0.00 9 0.99 6 0.M 
2 2.76 4 0.00 2 0.00 1 0.00 2 3.00 2 0.00 3 0.99 2 0.M 
2 0.00 4 0.00 2 0.00 1 8.89 2 2.46 2 0.00 3 0.00 2 0.M 
2 0.00 4 0.00 2 0.00 1 0.00 2 2.70 2 0.00 3 0.00 2 0.M 

22 25.97 44 9.17  22 0.00 11 4.78  22  11.91 22 12.15  33  6.81  22  4.78 
12  14.32 24 7.79  12 0.00 6 3.40  12  9.56  12  6.17  18  5.19  12 3.4 
IO 11.65 20 1.38  10 0.00 5 1.38 IO 2.35  10  5.98  15  1.62 IO 1.38 
2 0.00 4 0.00 2 0.00 1 0.00 2 0.35 2 1.38 3 0.00 2 1.38 
2 2.78 4 0.00 2 0.00 1 0.00 2 0.35 2 0.00 3 0.00 2 0.M 
4 7.48 8 0.00 4 0.00 2 0.00 4 0.47 4 4.40 6 1.62 4 0.M 

Nikolai Creek 
4 0.00 8 0.00 4 0.00 2 0.00 4 0.00 4 0.00 6 0.00 4 0.00 Northeastem Cook Inlet 
2 1.39 4 1.38 2 0.00 1 1.38 2 1.18 2 0.20 3 0.00 2 0.00 

Among skams 
2 0.00 4 0.00 2 0.00 1 0.00 2 0.00 2 0.00 3 0.00 2 0.00 - Y- 2 0.00 4 0.00 2 0.00 1 0.00 2 0.00 2 0.00 3 0.00 2 0.00 

Wniels Lake, outlet 

4 0.00 8 12.47 4 0.00 2 0.00 4 74.76 4 7.16 6 0.00 4 0.00 Among skams 
8 0.00 16  13.05 8 0.00 4 0.00 8 85.83 8 22.62 12 0.00 8 0.00 KnikArm 
2 0.00 4 0.00 2 0.00 1 0.00 2 0.00 2 0.00 3 0.00 2 0.00 

Fish Creek 4 0.00 8 0.58 4 0.00 2 0.00 4 11.07 4 15.46 6 0.00 4 0.00 
-years 4 0.00 8 0.58 4 0.00 2 0.00 4 11.07 4 15.46 6 0.00 4 0.00 
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Table 3. Continued. 
[POpdations 
Among  regions 
Wlthin  regions 
Kenai River 

Among streams - Y- 
Russian  River,  above 
ptarmigan Creek 
Tern Lake 
QWIZ Creek 
Btvm Ken/Ski, 92/93 
Hidden  Creek 
Skilak Lake, outlet 
Moose creek, Kenai 

Yentna River 
Among streams - Years 

Chelatna  Lake 
Yentna River, west fork 
HewWWhiskey Laka 
Shell Lake 
TrinityMvie Lakes 
Judd Lake 

Susitna  River 
Among streams 
Between years 

Stephan Lake 
Lruson Lake 

IF MPI DF PEF'A DF PEPB-I DF PEP2 DF P H D I  DF PEF'LT DF IGDH DF E M - 1  
6 28.77  12 91.54  12  178.91 6 454.20  12  55.89  12  1043.90 6 7.88  12  499.13 
56 30.74  132 98.14  132  312.48 66 672.88  132  85.49  132  365.46 66 6.95  132  1494.29 
22  30.74 44 82.51 44 96.30 22 36.78 44 60.23 44 220.61 22 0.00 44  641.20 
13 23.14 26 72.12  26  93.42  13  17.21  26  54.78 26 196.50  13 0.00 26  613.30 
9 7.60  18 10.39  18  2.88 9 19.57  18  5.45  18 24.11 9 0.00 18  27.90 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.00 1 0.00 2 0.23 
1 1.40 2 2.82 2 0.64 1 1.36 2 0.00 2 8.27 1 0.00 2 2.48 
1 0.00 2 0.81 2 0.92 1 2.19 2 0.00 2 5.80 1 0.00 2 1.92 
1 2.76 2 2.99 2 0.00 1 1.38 2 0.00 2 3.13 1 0.00 2 8.24 
1 0.00 2 0.90 2 0.00 1 2.16 2 0.82 2 2.91 1 0.00 2 1.96 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.71 1 0.00 2 0.94 
2 3.44 4 2.87 4 0.00 2 8.24 4 4.63 4 1.95 2 0.00 4 10.07 
1 0.00 2 0.00 2 1.32 1 4.24 2 0.00 2 1.34 1 0.00 2 2.06 

11 0.00 22 0.00 22  216.18 11  398.64 22 9.60 22 35.85  11 0.00 22  233.80 
5 0.00 IO 0.00 10  215.70 5 385.50  10  6.82  10  33.38 5 0.00 IO 228.90 
6 0.00 12 0.00 12  0.48 6 13.14  12  2.78  12  2.47 6 0.00 12  4.90 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.00 1 0.00 2 0.66 
1 0.00 2 0.00 2 0.00 1 2.76 2 2.78 2 2.47 1 0.00 2 0.01 
1 0.00 2 0.00 2 0.00 1 0.48 2 0.00 2 0.00 1 0.00 2 0.90 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.00 1 0.00 2 2.85 
1 0.00 2 0.00 2 0.48 1 9.90 2 0.00 2 0.00 1 0.00 2 0.06 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.00 1 0.00 2 0.42 
6 0.00 12 0.00 12 0.00 6 99.28  12 0.00 12  12.37 6 0.00 12 216.11 
4 0.00 8 0.00 8 0.00 4 97.85 8 0.00 8 12.37 4 0.00 8 210.50 
2 0.00 4 0.00 4 0.00 2 1.43 4 0.00 4 0.00 2 0.00 4 5.61 
1 0.00 2 0.00 2 0.00 1 0.05 2 0.00 2 0.00 1 0.00 2 0.00 
1 0.00 2 0.00 2 0.00 1 1.38 2 0.00 2 0.00 1 0.00 2 5.61 
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Table 3. Continued. 
Populations 
Western Cook  Inlet 

DF MPI DF PEPA DF PEPB-1 DF P E K  DF PEPDl DF PEPLT DF FGDH DF E M - I  

7 0.00 14  4.67  14 0.00 7 70.41  14  3.29  14  3.24 7 6.95  14  340.60 Among streams 
10 0.00 20  4.67  20 0.00 10  77.30 20  4.66 20 4.62  10  6.95  20  348.04 

Between years 
Coal Creek 
Chilligan River 
Crescent  River 

3 0.00 6 0.00 6 0.00 3 6.89 6 1.37 6 1.38 3 0.00 6 7.44 
I 0.00 2 0.00 2 0.00 1 0.00 2 1.37 2 1.38 1 0.00 2 3.49 
1 0.00 2 0.00 2 0.00 1 6.61 2 0.00 2 0.00 1 0.00 2 3.69 
1 0.00 2 0.00 2 0.00 1 0.28 2 0.00 2 0.00 1 0.00 2 0.26 

I 

Kasilof  River 
Among streams 

11 0.00 22  10.96  22 0.00 11  41.75 22 7.80 22 0.00 11 0.00 22  11.60 
6 0.00 12  9.58  12 0.00 6 32.01  12  5.60  12 0.00 6 0.00 12  4.28 

Between years 

1 0.00 2 1.38 2 0.00 1 2.03 2 0.00 2 0.00 1 0.00 2 0.59 Nikolai Creek 
2 0.00 4 0.00 4 0.00 2 4.93 4 2.20 4 0.00 2 0.00 4 5.34 Glacier  Flat  Creek 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.00 1 0.00 2 1.12 MooseCreek, Tustumena 
1 0.00 2 0.00 2 0.00 1 2.78 2 0.00 2 0.00 1 0.00 2 0.27 Bear Creek 
5 0.00 10  1.38  10 0.00 5 9.74  10  2.20 10 0.00 5 0.00 10  7.32 

I 

Northeastem Cook Inlet 
Among streams 

2 0.00 4 0.00 4 0.00 2 0.00 4 0.00 4 2.34 2 0.00 4 0.99 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 2.29 1 0.00 2 0.13 - Y- I 1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.05 1 0.00 2 
1 0.00 2 0.00 2 0.00 1 0.00 2 0.00 2 0.05 1 0.00 2 0.86 

KnikArm 
Among streams 

4 0.00 8 0.00 8 0.00 4 19.13 8 3.20 8 89.67 4 0.00 8 42.55 
2 0.00 4 0.00 4 0.00 2 13.02 4 1.02 4 89.21 2 0.00 4 40.58 

Between years 
Fish  Creek 

2 0.00 4 0.00 4 0.00 2 6.11 4 2.18 4 0.46 2 0.00 4 1.97 
2 0.00 4 0.00 4 0.00 2 6.11 4 2.18 4 0.46 2 0.00 4 1.97 

56 



Table 3. Continued. 
Populations 
Among  regions 
Within  regions 
Kenai  River 

Among s h p a m s  
Between  years 

Russian  River,  above 
Ptarmigan Creek 
Tern  Lake 
Quartz Creek 
Bhw KedSki, 92/93 
Hidden  Creek 
Skilak  Lake,  outlet 
Moose Creek,  Kenai 

Yentna  River 
Among streams 
Between y m  

Chelama  Lake 
Yentna  River, west fork 
Hewittlwhiskey  Lakes 
Shell  Lake 
TrinityMovie Lakes - Susifna River 

Stephan  Lake 
Larson  Lake 

DF E M 2  DF sSODl DF TPI--1.2 DF TPI-3 DF TPI-4 DF  Overall 
12  935.35 6 3.93  12  31.28 6 56.96  12  11.57  390  8214.80 

132  1219.68  66 
44 264.65  22 
26  246.30  13 
18  18.35 9 
2 2.40 1 
2 1.19 1 
2 0.91 1 
2 0.67 1 
2 0.02 1 
2 4.18 1 
4 7.11 2 
2 1.87 1 

4.65 132 29.13 66 77.25  132  26.06 4290  11556.26 
0.00 44 0.00 22 10.75 44 21.26 1430  6149.85 
0.00 26 0.00 13 8.24  26  16.88  845  5837.00 
0.00 18 0.00 9 2.51  18  4.38  585  312.85 
0.00 2 0.00 1 0.00 2 0.00 65  39.02 
0.00 2 0.00 1 0.00 2 0.00 65  24.32 
0.00 2 0.00 1 0.00 2 1.60 65  26.47 
0.00 2 0.00 1 1.38 2 0.00 65  61.46 
0.00 2 0.00 1 0.00 2 0.00 65  32.41 
0.00 2 0.00 1 0.00 2 0.00 65 13.31 
0.00 4 0.00 2 1.13 4 0.00 130  88.26 
0.00 2 0.00 1 0.00 2 2.78  65  27.60 

22  714.02 1 1  0.00 22 0.00 11 0.00 22 0.00 715 2129.20 
10 705.70 5 0.00 IO 0.00 5 0.00 IO 0.00 325 2053.00 
12  8.32 6 0.00 12 0.00 6 0.00 12 0.00 390 76.20 
2 2.22 1 0.00 2 0.00 1 0.00 2 0.00 65 9.13 
2 0.05 1 0.00 2 0.00 1 0.00 2 0.00 65 9.27 
2 0.02 1 0.00 2 0.00 1 0.00 2 0.00 65 13.56 
2  0.85 1 0.00 2 0.00 1 0.00 2 0.00 65 10.48 
2 0.11 1 0.00 2 0.00 1 0.00 2 0.00 65 16.95 
2 5.07 1 0.00 2 0.00 1 0.00 2 0.00 65 16.81 

12  24.56 6 0.00 12 0.00 6 0.00 12 0.00 390 766.80 
8  24.34 4 0.00 8 0.00 4 0.00 8 0.00 260 733.90 
4 0.22 2 0.00 4 0.00 2 0.00 4 0.00 130 32.90 
2 0.18 I 0.00 2 0.00 1 0.00 2 0.00 65 16.36 
2 0.04 1 0.00 2 0.00 1 0.00 2 0.00 65 16.54 



Table 3. Continued. 

I- Po ulations 

Among sbpams 
Between yeam 

Coal Creek 
Chilligan  River 
Crescent  River 

Kasilof River 
Among sbpams - Y W  

Bear Creek 
Moose  Creek,  Tustumen: 
Glacier  Flat  Creek 
Nikolai Creek 

Northeastern  Cook  Inlet 
Among streams 
Behveen years 

Daniels Lake, outlet 
ffiik A m  

Among streams 
Between years 

I Fish  Creek 

DF E M - 2  DF sSOD1 DF TPI-1.2 DF TPI-3 DF TPI-4 DF  Overall 
20  156.95 IO 4.65 20 24.36 IO 58.24 20 4.80 650  1648.27 
14  151.80  7  4.65 14  23.02  7 58.13 14  3.34 455  1581.00 
6  5.15  3 0.00 6  1.34  3 0.11 6  1.46 195  67.27 
2  2.48 1 0.00 2  1.34  1 0.00 2  1.46 65  30.68 
2  0.40 1 0.00 2 0.00 1 0.00 2 0.00 65  23.82 
2  2.27 1 0.00 2 0.00 1 0.11 2 0.00 65  12.77 ~ 

22 10.60 11 0.00 22 4.77 11 8.26 22 0.00 715 310.36 
12 2.69 6 0.00 12 3.39 6 8.26 12 0.00 390 206.70 
IO 7.91 5 0.00 IO 1.38 5 0.00 IO 0.00 325 103.66 
2 1.36 1 0.00 2 1.38 1 0.00 2 0.00 65 13.76 
2 0.18 1 0.00 2 0.00 1 0.00 2 0.00 65 5.47 
4 6.08 2 0.00 4 0.00 2 0.00 4 0.00 130 66.23 
2 0.29 1 0.00 2 0.00 1 0.00 2 0.00 65 18.20 
4 4.65 2 0.00 4 0.00 2 0.00 4 0.00 130 128.54 
2 1.78 1 0.00 2 0.00 1 0.00 2 0.00 65 100.90 
2 2.87 1 0.00 2 0.00 1 0.00 2 0.00 65 27.64 
2 2.87 1 0.00 2 0.00 1 0.00 2 0.00 65 27.64 
8 44.25 4 0.00 8 0.00 4 0.00 8 0.00 260 423.24 
4 34.19 2 0.00 4 0.00 2 0.00 4 0.00 130 345.10 
4 10.06 2 0.00 4 0.00 2 0.00 4 0.00 130 78.141 
4 10.06 2 0.00 4 0.00 2 0.00 4 0.00 130  78.14 

1 Includes Russian  River, klow, between Kenai and Skilak Lakes, sites 1-3 early & lale; between Kenai and Skilak Lakes sites 4 & 5 ,  

’ Includes Byen Me, Birch Creek, and Red Shirt Lake. 
‘ Includes MIX Riva; Wolverine Lake; Chcmt Lake, sites 1 & 2; and F’ackers Lake. 
’ Includes Tustumena Lake, sites 1 & 2; and Seepage Creek 

’ Includes  Nancy  Lake  and Cononwood creek 

Includes  Russian  River,  above 1992 and 1993, early and late. 

Includes Bishop creek 
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Table 4. Gene  diversity  analysis of Cook Inlet sockeye  salmon. 
Relative 

gene  diversity 
Absolute  Among  Among 

Locus gene  diversity  collections  sites 
Wlthin Within within within Among 

Total  collections  collections  sites  regions  regions 

SA A T-3 * 0.0008 0.0007  0.9920  0.0039  0.0034  0.0007 
mAAT-l* 0.1697 0.1574 0.9273 0.0025 0.0414 0.0288 
mAAT-2* 0.0299 0.0250 0.8359 0.0012 0.1389 0.0240 
mA H-4 * 0.0009 0.0009 0.9869 0.0068 0.0056 0.0007 
SA H* 0.0670 0.0303 0.4527 0.0006 0.4950 0.0517 
ALAT* 0.5243 0.4842 0.9236 0.0027 0.0500 0.0236 
CK-A2 * 0.0010 0.0010 0.9828 0.0059 0.0107 0.0006 
CK-B * 0.0005 0.0005 0.9927 0.0013 0.0053 0.0007 
E9H* 0.0003 0.0002 0.9951 0.0029 0.0018 0.0002 
GAPDH-2* 0.0071 0.0070 0.9739 0.0028 0.0180 0.0053 
G3PDH-4* 0.0030 0.0030 0.9881 0.0012 0.0036 0.0071 
GPI-A * 0.0021 0.0021 0.9753 0.0097 0.0090 0.0060 
mIDHP--I* 0.0022 0.0022 0.9851 0.0053 0.0055 0.0040 
dDHP-l* 0.0129 0.0121 0.9377 0.0011 0.0459 0.0154 
LDH-A2* 0.0013 0.0012 0.9677 0.0165 0.0134 0.0023 
LDH-B2* 0.1718 0.1588 0.9243 0.0037 0.0505 0.0215 
mMEP-l* 0.0014 0.0013 0.9591 0.0003 0.0375 0.0031 
M I *  0.0024 0.0023 0.9840 0.0085 0.0056 0.0020 
PEPA * 0.0072 0.0072 0.9865 0.0024 0.0070 0,0041 
PEPB-l* 0.0117 0.0105 0.8934 0.0014 0.0926 0.0126 
PEPC* 0.0595 0.0521 0.8746 0.0025 0.0891 0.0338 
PWD1* 0.0064 0.0063 0.9847 0.0025 0.0094 0.0034 
PEPLT* 0.0501 0.0429 0.8558 0.0018 0.0252 0.1172 
PGDH* 0.0001 0.0001 0.9946 0.0000 0.0050 0.0004 
E M - 2  * 0.4048 0.3488 0.8615 0.0034 0.0724 0.0628 
SSODI * 0.0001 0.0001 0.9951 0.0000 0.0045 0,0004 
TPI-3 * 0.0044 0.0042 0.9487 0.0007 0.0418 0.0087 
TPI-4 * 0.0006 0.0006 0.9912 0.0045 0.0039 0.0004 
overall 0.0551 0.0487 0.8830 0.0028 0.0760 0.0382 
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Table 5. Results of simulated mixhues of Cook  Inlet  sockeye  salmon with 100 bootstrap resampligs and a simulated  sample size 
of 400.  Standard  deviations are given in parentheses. 

Region  Regional  Allocation 

Kenai Kasilof Yentna  Susitna West NE Knik LJfllalOWl 
Cook  Cook Arm 
Inlet Inlet 

Kenai 0.925 0.008 0.016  0.017  0.023  0.002 0.008 0.001 
(0.047) (0.014)  (0.020)  (0.023)  (0.031) (0.004) (0.013) 

Kasilof 0.022 0.914 0.017  0.014  0.027 0.000 0.006 0.000 
(0.022) (0.047) (0.025)  (0.021)  (0.030) (0.000) (0.011) 

Yentna  0.010  0.001 0.892 0.050  0.029  0.002  0.015  0.001 
(0.014)  (0.005) (0.061) (0.052)  (0.031)  (0.005)  (0.021) 

Susitna  0.005  0.006  0.061 0.804 0.102  0.002  0.019 0.000 
(0,010)  (0.012)  (0.052) (0.094) (0.076) (0.004) (0.033) 

YenindSusitna  0.010  0.007 0.879 0.072  0.002  0.029 0.001 
(0.015)  (0.015) (0.063) (0.054) (0.004) (0.040) 

West  Cook Inlet  0.032  0.013  0.027  0.067 0.834 0.000 0.027 0.000 
(0.030)  (0.026)  (0.031)  (0.069) (0.089) (0.000) (0.046) 

Northeastem  Cook 0.003 0.000 0.000 0.003 0.002 0.990 0.001 0.000 
Inlet (0.005) (0.002) (0.002) (0.005) (0.004) (0.008) (0.003) 
KnikArm 0.010 0.003 0.020 0.035 0.034 0.003 0.895 0.000 

(0.020) (0.007) (0.023)  (0.035)  (0.033) (0.006) (0.052) 
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Table 6. Results of Cook  Inlet  Central  Dishict drift fishery  mixed-stock analysis, 1992-1994. 

Date N Kelrai Kasilof SusihnlYen!na Western Cook NE Cook Inlet KnikAm Unknown Total 
Met 

Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD 
I 

1992 
July 13, 1992  150  0.8819  0.0772 0.0000  0.0000 0.0964 0.0654  0.0217  0.0459 0.0000 0.0000 0.0000  0.0000 O.oo00 1.oooO 
July24 1992  200  0.5601  0.0931  0.1057  0.0663  0.2117  0.0796  0.0684  0.0428  0.0124  0.0177  0.0416  0.0626 0.0000 0.9999 

1993 
July 12,  1993 337  0.5270  0.0683  0.0278  0.0284  0.1543  0.0604  0.1402  0.0507 0.0000  0.0000 0.1333  0.0403  0.0178 1.ooo4 
July 16,  1993  278  0.8323  0.0736 O.OOO0 0.0000 0.0965  0.0675  0.0238  0.0201 O.oo00 O.OOO0 0.0367  0.0275 0.0108 1.oOol 

1994 
July  15,  1994  344  0.5284  0.0636  0.0342  0.0616  0.2018  0.0647  0.1073  0.0922  0.0142 0.0150 0.1141  0.0360 O.oo00 1.oooO 

61 



Table 7. Results of inriver mixed-stock analyses for Cook Inlet,  1992-1994. 

I)rain;$C and Date Ke(enai Kasilof &ihd W.Gmk NECimk KrikArm Unknorm 
Ycnbla Inlet Inlet 

N Estinute SD Estimate SD Estimate SD Estimate SD Estimate SD Estinute SD 

Kenai 
July 13, 1 9 9 2  

July IO, 1 9 9 4  
July u, 1994 
July 31, 1994 

Augua 9,1994 

SmiInaMimtem 
July :'. , 1 9 9 2  

Augua 4,1992 

SUriWcnlm 
July 15, 1 5 9 2  
July 24, 1 9 9 2  
July 25-26. 1994 

Kasilof 

July 2, 1992 

July 2.7, 1 9 9 2  

July 8-10. 1994 
July 17, 1994 
August 1-3, 1 9 9 4  

199 0.8307 0.0608 0 . W  0 . W  0.0205  0.0361  0.1350  0.0520 0 . W  0 . W  0.0087  0.0120  0.0050 

87 0.6483 0.lW 0.0440 0.1286 0.1556 0,1818 0.1518 0.1371 0 . W  0 . W  0.0003 0.0070 O.oo00 
197 0.9191 0.0632 0 . W  0 . W  0.0637 0.W2 0 . W  0 . W  0 . W  0 . W  0.0121 0.0273 0.0051 
155 0.8345 0.0755 0 . W  0 . W  0.1571 0.0744 0 . W  0 . W  0.0076 0.0127 0 . W  0.0197 O.oo00 
152 0.9312 0.0674 O.OM5 0.0263 0.0285 0.0581 0.0325 0.0398 0 . W  0 . W  0.0053 0.0158 0.OMx) 

199 0.1283 0.0729 0 . W  0 . W  0.7514 0.1168 0.1149 0.1040 0 . W  O . W o 0  0.0003 0.W9 0.0050 
113 0.0361 0.0637 0 . W  0 . W  0.9220 0.0678 0.0102 0.0195 0 . W  0.WN 0.0052 0.0308 0.0265 

1% 0.0767 0.0427 0.0013 0.0168 0.7985 0.0613 0 . W  0 . W  0.0343 0.0244 0.0739 0.0397 0.0153 
200 0 . W  0 . W  0.0001 O.ooo2 0.Wl  0.0304 0 . W  O.oo00 0.0205 0.0203 0.0103 0.0216 0.0050 
199 0 . W  O.oo00 0 . W  O.oo00 0.9823 0.0274 O.ooO1 0.0003 0 . W  O.oo00 0.0175 0.0274 0.ooX) 

1% 0.w66 0.0089 0.9167 0.0720 0.0320 0.0424 0.0447 0.0626 0 . W  0 . W  0 . W  0 . W  O.oo00 
199 O.oo00 0 . W  0.8437 0.0622 0,0188 0.022 0.1362 0.0624 0 . W  0 . W  0.0013 0.0191 O.oo00 

1 9 7  0.1032 0.0652 0.5462 0.1355 0.1144 0.0574 0.2272 0.1468 0 . W  0 . W  0.0091 0.0282 O.Wo0 
180 0.0165 0.0709 0.8291 0.0803 0.1041 0.0711 0.0490 0.W7 0 . W  0.OoM) 0 . W  O.oo00 O.Wo0 
% 0.0462 0.0583 0.8017 0.1061 0.0702 0.0732 0.0005 0.0007 0 . W  0 . W  0.0814 0.0555 O.Wo0 
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Table 8. Russian  River  contribution to mixture samples c o l l e c t e d  at the Kenai River  fish 
wheel site. ?he Russian  River  results  include  contributions ftom both  the  early-  and laterun 
populations. 

Russian  River  (Early  and 
Late Combined) 

Sampling Date N Mimate SD 

July 13, 1992  199  0.020 0.01 1 

July 10,  1994 87 0.105 0.042 
July 22,  1994 197 0.040 0.017 
July 3 1, 1994 155 0.182  0.034 
August 9, 1994 192  0.301  0.036 
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Table 9. Sample sizes, colllposite mtDNA haplotype counts, and  nucleotide  diversity for sockeye  salmon  populations sapled 
h m  Cook Inlet. Map #‘s refa to locations on Figure 1. 

ND5/ND6  Nucleotide 
# Population N I I1 111 1V V VI VI1 W I  IX X Diveeityb 

27 
28 

34 

10 
13 
15 

Russian  River,  above  falls-early 1992 
Russian  River,  above  falls-late 1992 
Russian  River, below falls 1993 
ptarmigan creek,  1992 
Behyeen Kenai & Skilak, 1992 
Hidden Creek, 1992 
Skilak Lake,  outlet 1992 
Moose Cmk, (Kenai) 1993 
Kenai River Tot& 

40  38 - - - 2  - 
50 49 - - - 1  - - - - - 
40  16 8 - 10 6 - - 
40 11 12 - - 12 - - - - 5  
40  22 11 - 1 4  2 -  - - - 
40 13 2 - - 25 - - - - 
50 26 13 - - 7  4 -  - - - 
40 16  5 - - 19 - - - - 

340 191 51 0 11 76 6 0 0 0 5  

Bear Creek, (Tustumena) 1992 40 13 3 - - 17 5 2 -  - - 
Moose Creek, (Tustumena) 1992 50  14 7 - - 23 4 2 -  - - 
Kdof  RiverTotals 9 0 2 7 1 0  0 0 40 9 4 0 0 0  

Daniels  Lake, outlet  1992 40 - 40 - - - - - - 
N o d t e e m  Cook Inlet Tot& 4 0 0 4 0 0  0 0 0 0 0 0 0  

Yenma  River, west fork 1992 50 17 30 - - 2  - 1 -  - 
Shell Lake, 1992 40 29 11 - - - - 
Judd  Lake, 1992 40 7 31 2 - - - - 
Yenlna  River Totals 130 53 72 2 0 2 0 0 1 0 0  

0.00043 
0.0001 8 
0.00531 
0.00491 
0.00377 
0.00257 
0.00394 
0.00326 
0.00305 

0 . W 3  
0.00456 
0.00459 

0.00000 
0.00000 

0.00267 
0.00183 
0.00205 
0.00218 
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17 
18 

37 
37 

23 
25 
25 
26 

Stephan  Lake,  1992 
Larson Lake, 1992 
Slsitna River Totals 

Fish  Creek,  1992 
Fish  Creek,  1993 
Knik Ann Toolls 

McArthur  River,  1993 
Crescent  River,  1992 
Crescent  Lake,  site 2 1994 
Packers  Lake, 1992 
Western Cook Inlet Totals 

40 - 24 - - 16 - - 
40 18 22 - - - - - - 
80  18 46 0 0 16 0 0 0 0 0  

40 3 26 - - 1  1 - - 9 -  
40 4 20 - - 6  1 - 9 -  
8 0 7 4 6 0  0 7 2 0 0 1 8 0  

40  9 29 - - 2 -  
40 2 37 - 1 - 
40 7  31 - - 1  1 - - - 
40  38  2 - - - - - 
1 6 0 5 6 9 9  0 0 1 4 0 0 0 0  

0.0043 1 
0.00228 
0.00329 

0.00491 
0.00664 
0.00578 

0.00267 
0.00107 
0.00224 
O.ooo44 
0.00161 

mm 920 352 364 2 11  142  21  4 1 18 5 0.00294 

~~~ ~~ 

' Composite  haplotypes were generated from polymorphic  restriction  enzymes  and  include A p a  I, Hha I ,  Hinf I, Kpn I. Sfu I, md TqI. respectively. 
~~~ 

I-Iaplotypes are: I=* II=BAAAAA, III=ABAAAA, N=AACAAB, V=AAAAAB, VI=AAABAB, VIkBAAAAB,  VIII=BABAAA, 
IX=BADAAA, and X=AAAACA. 
Nucleotide  divergence numbers in bold are averages. 
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Table  10. Restriction enzq?nes and hagment sizes detected among Cook Inlet sockeye salmon. 

Enzyme r' Sequence Haplotype Fragment sizes (bp)2 

A p a I  

Ase I 

Ava II 

BsfE II 

BsfU I 

EcoR I 

EcoR V 

HhaI 

Hinf I 

Kpn I 

Sa96 I 

stu I 

Ta? I 

6 GGGCCC 

6 ATTAAT 

6 GGWCC 

6 GGTNACC 

4 CGCG 

6 GAATTC 

6 GATATC 

4 GCGC 

4 GANTC 

6 GGTACC 

4 GGNCC 

6 AGGCCT 

4 TCGA 

A 
B 

A 

A 

A 

A 

A 

A 

A 
B 

A. 
B 
C 
D 

A 
B 

A 

A 
B 
C 

A 

1500,900 
900,800,700 

1400,800 

1700,700 

1100,  875,425 

1600,800 

2100,300 

1400,  lo00 

1100,  750,  550 
1650,  750 

750,675,  500 
800,750,500 
675,  500 
1425,500 

2400 
1200 

700,520,480,350 

1500,900 
900,800,700 
2400 

1000,575,250 
B 575,  500,250 

'I= the  length of the  restriction e v e  recognition  sequence. 
'Fragment sizes are approximate. 
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Table 1 1 .  Painvise nucleotide  divergence  estimates between populations of sockeye  salmon &om Cook Inlet'. 

Population 1 2  3  4 5 6 7 8 9 10 

1. Russian  River, abovdearly 92 
2. Russian  River, abovdlate 92 
3.  Russian  River, below 93 
4. ptarmigan Creek, 92 
5. Bhv. Kenai & Skilak  Lakes,  92 
6. Hidden Creek, 92 
7. Skilak  Lake,  outlet 92 
8.  Moose  Creek,  Kenai  93 
9. Bear Creek,  Tustumena  92 
10.  Moose  Creek,  Tustumena 92 
11. Daniels  Lake,  outlet 92 
12.  Yentna  River,  west  fork 92 
13. Shell  Lake, 92 
14. Judd Lake,  92 
IS. Stephan  Lake,  92 
16. Larson Lake,  92 
17. Fish  Creek, 92 
18.  Fish  Creek,  93 
19.  McArlhur  River, 93 
20.  Crescent  River, 92 
21.  Crescent  Lake, site 2  94 
22.  Packers  Lake,  92 

0.000000 
-0.000003 
0.000956 
0.000691 
0.000377 
0.001452 
0.000422 
0.000838 
0.001213 
0.001218 
0.004477 
0.001694 
0.000319 
0.002678 
0.002140 
0.001328 
0.003906 
0.002874 
0.002326 
0.003816 
0.002660 
0.00001 1 

0.000000 
0.001060 
0.000767 
0.000420 
0.001613 
0.000476 
0.000960 
0.001356 
0.001358 
0.004477 
0.001702 
0.0003  15 
0.002676 
0.002244 
0.001325 
0.003917 
0.002917 
0.002338 
0.003822 
0.002672 
0.000006 

0.000000 
0.000299 
0.000364 
0.000490 
0.000349 
0.000212 
0.000337 
0.000271 
0.003698 
0.001512 
0.000921 
0.002331 
0.000847 
0.001406 
0.003226 
0.002082 
0.001910 
0.003099 
0.002  150 
0.001042 

0.000000 
0.000053 
0.000708 
0.000039 
0.000234 
0.000441 
0.000318 
0,002595 
0.000746 
0.000393 
0.001405 
0.000425 
0.000659 
0.002251 
0.001338 
0.001075 
0.002080 
0.001273 
0.000692 

0.000000 
0.001044 

-0.000070 
0.000419 
0.000649 
0.000548 
0.002432 
0.000548 
0.000080 
0.001 194 
0.000624 
0.000404 
0.002087 
0.001283 
0.000887 
0.001918 
0.001 107 
0.000333 

0.000000 
0.000869 
0.000050 
0.000038 
0.000063 
0.005639 
0.002863 
0.001885 
0.003969 
0.001472 
0.002740 
0.004915 
0.003325 
0.003386 
0.004891 
0.003691 
0.001702 

0.000000 
0.0003 I3 
0.000481 
0.000403 
0.002628 
0.000678 
0.000181 
0.001360 
0.000610 
0.000540 
0.002242 
0.001369 
0.001014 
0.002087 
0.001247 
0.000404 

0.000000 
0.00000s 

-0.000018 
0.004316 
0.001837 
0.001029 
0.002789 
0.000935 
0.001707 
0.003721 
0.002393 
0.002306 
0.003650 
0.002579 
0.000991 

0.000OOO 
-0.oooo81 
0.004701 
O.oOU04 
0.001431 
0.003  180 
0.001060 
0.002102 
0.004050 
0.002641 
0.002610 
0.003993 
0.002909 
0.001399 

0.000000 
0.004212 
0.00190s 
0.001298 
0.002801 
0.000799 
0.001834 
0.003632 
0.002306 
0.002279 
0.003552 
0.002544 
0.001375 

'Calcubt~ons were made usmg !he . package (Mct~my et ai., IWI) 
divergence (vn) estimates the number of net reshidion-site differences per nucleon between two populations. 

\\luch munates nuclwtlde dwergence acwrdlng lo Ne1 (lYX/; qs. IU.IY, m, IULU, and 10.21). MJcleotldc 
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Table 11. Continued. 

Population 11 12 13  14  15  16  17  18  19  20 21 22 

1. Russian  River, abovdeady 92 
2. Russian  River, abovdate 92 
3. Russian  River, below 93 
4. ptarmigan Creek,  92 
5.  Btw. Kenai & Skilak Lakes, 92 
6. Hidden Creek, 92 
7. Skilak Lake, outlet 92 
8. Moose Creek, Kenai 93 
9. Bear Creek, Tustumena 92 
IO. Moose Creek, Tustumena 92 
11. Daniels Lake, outlet 92 
12. Yentna  River, west fork 92 
13. Shell Lake, 92 
14. Judd Lake, 92 
15. Stephan  Lake, 92 
16. Larson Lake, 92 
17. Fish Creek,  92 
18. Fish Creek,  93 
19. McArthur  River, 93 
20.  Crescent River, 92 
21.  Crescent Lake, site 2  94 
22. Packers  Lake, 92 

0.000000 
0.000625  0.000000 
0.002332  0.000497  0.000000 
0.000212  0.000075  0.001084  0.000000 
0.001345  0.000500  0.001134  0.000772 0.000000 
0.000879  -0.000024  0.000288  0.000185  0.000646 0.000000 
0.000467  0.000650  0.002060  0.000458  0.001262  0.000887 0.000000 
0.000809  0.000449  0,001445  0.000505  0.000643  0.000635  0.000022 O.oooOOO 
0.000325  O.OooOo2  0.000877  -0.000015  0.000531  0.000099  0.000482  0.000407  0.000000 
0.000017  0.000380  0.001865  0.000079  0.001012  0.000595  0.000392  0.000609  0.000137  0.000000 
0.000211  0.000057  0.001088  -0.000028  0.000592  0.000186  0.000424  0.000415  -0.000047  0.000062 0.000000 
0.004039  0.001439  0.000199  0.002337  0.002051  0.001086  0.003536  0.002625  0.002030  0.003421  0.002342 0.000000 
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Table  12.  Analysis of geographic  heterogeneity in mtDNA fkquencies  using  a  Monte  Carlo 
simulation @off and Bentzen 1989) with 10,000  replicate  simulations. 

Hierarchical 
Level x2 P 

Wthin Regions. 
Kenai 254.10 0.0000 
Kasilof 1.56  0.8365 
Yentna 34.39 0.0000 
Susitna 34.09 0.0000 
Western Cook Inlet 91 .OO 0.0000 
Northeast Cook Inle? - - 
KnikArm 4.50  0.3591 

Among Regions. 602.16 0.0000 

Among Populations. 1294.06 0.0000 

h b a b l l l t y  ot e x d n g  on@ Chl 
*chissquared could not be calculated because only one population repxscnts this region. 

-squared by chance. 
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Table 13. Results of simulated mixtures of  Cook Inlet sockeye  salmon ::sing allozyme  and mDNA data sets. Each region 
comprises 100% of the mixture, simulation  sample size is 400, and 100 bootstrap resamplings  were  conducted. Results fiom the 
combined  allozyme  and  mtDNA  simulations are given  first  followed by results  fkom  simulations  with  allozyme data only. 

Regional  Allocations' 
1 OW? Mixture 
Population 1 SE 2 SE 3 SE 4 SE 5 SE 6 SE 7 SE 

1 Kenai  River 0.9776  0.0212  0.0048  0.0077  0.0034  0.0062  0.0033  0.0065  0.0121  0.0172  0.0006  0.0021 O.OOO6 0.0016 
0.9547  0.0312  0.0035  0.0076  0.0139  0.0191  0.0059  0.0110  0.0182  0.0224  0.0007  0.0018  0.0016  0.0038 

2 Kasilof  River 0.0166  0.0228  0.%13 0.0283 0.0035  0.0061  0.0043  0.0078  0.0109  0.0125 O.oo00  O.oo00 O.WO5 0.0016 
0.0071  0.0135  0.9499  0.0342  0.0096  0.0131  0.0059  0.0114  0.0243  0.0262 O.oo00 O.oo00 0.0022  0.0057 

3 Yentna River 0.0089  0.0124  0,0011  0.0032  0.9255  0.0392  0.0247  0.0279  0.0306  0.0330  0.0016  0.0032  0.0007  0.0019 
O.Oo90 0.0141  0.0002  0.0013 0.9240 0.0492  0.0218  0.0315  0.0396  0.0405  0.0011  0.0026  0.0033  0.0068 

4 Susitna  River 0.0067  0.0103  0.0033  0.0063  0.0200  0.0263  0.9491  0.0373  0.0209  0.0208 O.oo00 O.OOO1 O.oo00  o.oo00 
0.0070  0.0137  0.0053  0.0093  0.0261  0.0292  0.9477  0.0389  0.0138 0. 0185 O.oo00 O.oo00 O.oo00 Cl.oo00 

5 WestCook Inlet 0,0144  0.0159  0.0018  0,0048  0.0119  0.0141  0.0061 0.0099 0.%51 0.0264 O . o o 0 0  O.oo00 o.oo00 0.0001 
0.0252  0.0317  0.0006  0.0031  0.0208  0.0266  0.0086  0.0123  0.9445  0.0422 O.oo00 0.0004 O.oo00 0.0000 

6 Northeastern Cook Inlet 0.0016  0.0033 0,0000 0,0000 0.0009  0.0025  0,0000  0.0001 0.0045 0.0056 0.9923 0.0091 0.0007  0.0024 
0,0058  0.0081 0.0000 0,0004  0.0011  0.0029  0.0005  0,0015  0.0018  0.0046  0.9898  0.0107  0.0009  0.0027 

7 KniiArm 0.0078  0.0133  0,0088  0.0114  0.0035  0.0062 0.0007 0.0023  0.0123  0.0164  0.0016  0.0036  0.9645  0.0295 
0.0016  0.0039  0.0049  0.0079  0.0079  0.0123  0.0006  0.0022  0.0088  0.0119  0.0021  0.0052  0.9739  0.0187 

'EEtimates in bold print along the diagonals should sum lo 1.oooO. 
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Yentna  River 

3 
I 

% ,... I 0 

r 
Susitna River 

Gulf of Alaska 

Legend 

1 RussianRiver 
2 PtarmiganCreek 

4 QuarkCreek 
3 Ternlake 

5 B h r  Skilak and Kenai Lakes 
6 HiddenCreek 
7 Outlet of Skilak Lake 

9 ChelabaLake 
8 MwseCreek 

IO Yenlna  River,  west fork 
11 Hewin& 
I2 W~keyLake 
13 Shelllake 
14 TrinitylMovie Lakes 

16 ByenLake 
15 Juddlake 

17 Stephanlake 
18 Larsonlake 
19 Birch Creek 
20 Red Shirt lake  
21 Coal Creek, west fork 
22 Chilligan River 
23 McArthw River 
24 Wolverine Creek 
25 Crescent River 
26 PackenLake 
27 Bear Creek 
28 Mwse Creek 
29 Glacier Flat Creek 
30 Nikolai Creek 
31 Tustumena lake 
32 Seepage  Creek 
33 Bishop  Creek 
34 Daniel'sLake 
35 Nancylake 
36 Cononwwd Creek 
37 Fish Creek 

Figure  1.  Sockeye salmon genetic samples originatiig h m  Upper Cook  Inlet,  1992-1994. 
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Figure 2.  Locations of mixed-stock and inriver samples ftom Upper Cook Inlet, 1992-1994. 

'72 



Skilak Lake, Outlet 
Btwn KenaVSkiak Lakes, site 6 
Bhvn Kcnamkilak Lakes, site 5 
Bhvn KcnailSkilak Lakes, site 3 
Bhvn KenaVSkilak Lakes, site I 
Bhvn KendSkilak Lakes, site 2 
PtMnigan Creek 

Bhvn KcndSkilak Lakes. site 4 
Russian  River, below 

Q u a m  Creek 
Tern  Lake 
Moose Creek,  Tustumena 
Bear Creek 
Seepagc  Creek 
TusNmeM  Lake 
Nikolai  Creek 
Glacier Flat Creek 
McAnhur  River 
Crescent Lake, site I 
Larson Lake 
Judd Lake 

Nancy Lake 
Byen Lakc 

Crescent River 
Crescent M e ,  site 2 
Chilligan River 
Birch  Creek 
H e w i M i s k e y   M e s  

J 

Yentna Rivcr, West  Fork 
Chelahla Lake 
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Russian River, abovenate 
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Figure 3. UPGMA phenogram for Cook  Inlet  sockeye  salmon using Cavalli-Sfo~ and 
Edwards (1967) chord  measure of genetic  distance. 
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Wolverine Creek 

Hidden  Creek 

Figure 4. Neighbor-joining tree for Cook Inlet  sockeye  salmon  based  on Cavalli-Sfom and 
Edwards (1967) chord  measure  of  genetic distance. 
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Crescent  River, 92 
Daniels Lake,  outlet 92 

Fish Creek, 91 
Fish Creek, 92 

Stephan Lake 93 

- Judd  Lake 92 
- 

Crescent  Lake, site 2 94 - 
McArthur River 93 

i 
4 Yentna  River,  West Fork 92 

Larson Lake 92 
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Hidden  Creek  92 

0.175 r~ 0.088 I o!ooo 

Sequence Divergence 

Figure 5. UPGMA phenogram for Cook Inlet sockeye  salmon  populations  examined for 
mtDNA variation  using  nucleotide  divergence  estimates  among  populations  (Nei  and  Tajima 
1981). 
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Appendix A. Continued. 

sAAT-1,2* sAAT-3* mAAT-l* 
Population N 100 77  122 N 100 117 N -100 -83 

Western  Cook  Inlet  Drainages  Continued 
99 1.0000 0.0000 0.0000 

182 1.0000  0.0000 0.0000 
83 1.0000 0.0000 0.0000 

- 
Packers  Lake, 92 
Packers  Lake, 93 

bsilof River  Drainage 
Packers  Lake p l e d  

Bear  Creek, 92 
Bear  Creek, 93 

~ ~ ~ 

Moose  Creek, Tustumena, 92 
Moose  Creek, Tustumena, 93 

Glacier  Flat Creek, 92 
Glacier  Flat Creek, 93 
Glacier  Flat Creek, 94 

Nikolai  Creek, 92 
Nikolai  Creek, 93 

mtumena Lake  site 1, 94 
Nikolai  Creek p l e d  

mtumena Lake  site 2,  94 
Tustumena  Lake  pooled 

Northeastern  Cook  Inlet  Drainages 
Seepage  Creek, 94 

Bish  Creek, 93 Dani3s Lake. 92 

Bear  Creek p l e d  

Moose  Creek,  Tustumena  pooled 

Glacier  Flat  Creek p l e d  

20 1.0000 
99 1.0000 

119 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 

100 1.0000 
20 1.0000 

100 1.0000 
220 1.0000 
100 1.0000 

200 1.0000 
100 1.0000 

50 1.0000 

100 1.0000 
50 1.0000 

100 1.0000 

100 1.0000 
100 1.0000 

Daniels  Lake; 93 

Knik Arm (Little Susitna River  Drainages) 
N a n c y  Lake, 93 
Cottonwood Creek, 93 
Fish  Creek, 92 
Fish  Creek, 93 

Daniels  Lake p l e d  

Fish  Creek; 94 
Fish  Creek 93/94 pooled 

_.. ~~~~ ~ 

99 1.0000 
199 1.0000 

100 
95 
98 

100 
97 

197 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0 .0000 
0 .0000  
0 .0000 

0 .oooo 
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 

0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

99 1.0000 0.0000 
R l  1.0000 0.0000 

180 1.0000  0.0000 
_- 

100 1.0000 0.0000 
66 1.0000 0.0000 

166 1.0000 0.0000 
94 1.0000 0.0000 

100 1.0000 0.0000 

100 1.0000 0.0000 
97 1.0000 0.0000 

294 0.9983 0.0017 
97 0.9948 0.0052 

1~00 1.0000 0.0000 

194 1.0000 0.0000 

io0 i.0ooo O.OOOO 
200 1.0000 0.0000 

4fi 1 .0000  0.0000 
45 1.0000 0.0000 
_ _  ~ 

9 1  1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 _.. ~~~~ 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

99 1.0000 0.0000 

196 1.0000 0.0000 

99 0.9798 0.0202 
83 0.9880 0.0120 

182 0.9835 0.0165 

100 0.8800 0.1200 
100 0.9250 0.0750 
200 0.9025 0.0975 
100 0.9200 0.0800 
100 0.9300 0.0700 
200 0.9250 0.0750 
100 0.8950 0.1050 
100 0.8800 0.1200 

299  0.8963  0.1037 
99  0.9141  0.0859 

100  0.8400 0.1600 

200  0.8625  0.1375 
100  0.8850  0.1150 

50  0.9200  0.0800 

100 0.9100  0.0900 
50  0.9000  0.1000 

100  0.8950  0.1050 

100 0.9950 0.0050 
97 0.8402 0.1598 

199 0.9849 0.0151 
99 0.9747 0.0253 

100  0.9700  0.0300 

99  1.0000 0.0000 
100 1.0000  0.0000 100 0.9700  0.0300 

98  1.0000 0.0000 

96 1.0000 0.0000 95  0.9895  0.0105 
195  0.9795  0.0205 

100 1.0000 0.0000 100 1.0000 0.0000 
_ _  

79 



Appendix A. Continued. 

Population N -100 -73 N 100 75 N 100 114 
mAAT-2* mAH-I, 2* m - 4 *  

Kenai F5ver Drainage 
Russian  fiver,  above/early, 92 
Russian  River,  abave/late, 92 

98 0.9184  0.0816 
98 0.8214  0.1786 

Russian  River, abwe/late, 93 100 0.8400  0.1600 
Russian  River, abwe/late p l e d  

Russian  River, below, 93 
198  0.8308  0.1692 

Ptarmigan  Creek, 92 
96 0.9948  0.0052 
100 1.0000 0.0000 

Ptarmigan  Creek, 93 82 1.0000 0.0000 

Tern  Lake, 92 
Ptarmigan  Creek  pooled 182 1.0000 0.0000 

50 1.0000 0.0000 
Tern  Lake, 93 

Tern  Lake -led 150  0.9867  0.0133 
100 0.9800  0.0200 

m r t z  Creek,. 92 
Ouartz Creek. 93 

Moose  Creek, Kenai, 93- 
Moose  Creek, Kenai, 94 

Moose Creek ,  K&i pooled 

100 1.0000 0.0000 
96 0.9896  0.0104 

196 0.9949  0.0051 
100 1.0000 0.0000 

98 1.0000 0.0000 
100 1.0000 0.0000 
298 1.0000 0.0000 ~~~ ~ ~ 

50 0.9900 0.0100 
49 :.oooo 0.0000 

~~ ~ ~ 

99 0.9949 0.0051 

50 0.9800 0.0200 
50 0.9900 0.0100 

100 0.9575 
100 1.0000 

199 1.0000 
99 1.0000 

100 0.9375 
98 0.9617 

198 0.9318 
98 0.9260 

100 0.9850 
50 0.9650 

150 0.9783 

100 0.9850  0.0150 100 0.9675 
100 0.9800  0.0200 100 0.9625 
50  0.9500  0.0500 

150  0.9700  0.0300  150  0.9633 
50  0.9650 

49 0.9694  0.0306  50  0.9700 
100 0.9900 0.0100 

99 0.7424 0.2576 
100 0.7200 0.2800 
199 0.7312 0.2688 
99 1.0000 0.0000 

0.0000 
0.0000 
0.0383 
0.0625 
0.0740 
0.0682 
0.0350 
0.0150 

100  0.9750  0.0250 
0.0217 

198  0.9672  0.0328 
98  0.9592  0.0408 

96 0.9557 0.0443 
93  0.9624 0.0376 
99 0.9596 0.0404 

288 0.9592 0.0408 
45 0.9389 0.0611 
50 0.9650 0.0350 
95 0.9526 0.0474 

50 0.9450  0.0550 
50  0.9900 0.0100 

0.0325 
0.0375 

0.0367 
0.0350 

0.0300 
0.0200 
0.0525 

100 0.9800 0.0200 
98 0.9949 0.0051 

0.0425 
0.0000 

100  0.9800 
100 0.9475 
100 0.9500 
200 0.9488 

100 0.9675 
98 0.9643 

100 0.9700 
100 0.9950  0.0050 
100 0.9950 0.0050 
200 0.9925  0.0075  199  0.9749 

695  0.9957  0.0043 
196  0.9974  0.0026  199  0.9623 

696  0.9680 

100 0.9375 
80 0.9312 

198  0.9874  0.0126 180  0.9347 

0.0500 

0.0357 
0.0512 

0.0325 
0.0300 
0.0251 
0.0377 

0.0688 
0.0320 

0.0625 
0 0653 

100 1.0000 
100 1.0000 

176 1.0000 
76 1.0000 

100 1.0000 
92 1.0000 

197 1.0000 
97 1.0000 

100 0.9850 
50 1.0000 

150 0.9900 
100 1.0000 

199 1.0000 
99 1.0000 

100 1.0000 
94 1.0000 

100 1.0000 
294 1.0000 

50 1.0000 
50 1.0000 

100 1.0000 

50 1.0000 
50 1.0000 

100 i .0ooo 
97 1.0000 
50 1.0000 

147 1.0000 

100 1.0000 
50 1.0000 

100 1.0000 
100 1.0000 
200 1.0000 

100 1.0000 
98 1.0000 

200 1.0000 
100 1.0000 

200 1.0000 
698 1.0000 

100 1.0000 
98 1.0000 

198 1.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0 .oooo 
0.0000 
0.0000 
0.0000 
0.0150 
0.0100 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0 .oooo 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 

EO 



o
o

m
o

o
o

o
o

o
o

o
o

o
o

o
o

4
m

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
 

m
~

r
o

o
o

o
o

o
o

o
o

o
o

o
o

m
~

 
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
o
o
o
 

4
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
 

o
o

o
o

~
o

o
q

o
o

o
o

o
o

o
o

o
o

o
 

........................ 
o
o
o
o
o
o
o
q
o
q
 

o
o

o
o

o
o

o
o

o
*
o

o
o

o
 

............ 
o

o
m

o
o

o
o

o
o

o
o

o
o

o
o

o
m

m
 
o
o
o
o
o
o
o
o
o
o
 

O
O

O
O

O
O

O
O

O
~

O
O

O
 

m
o

N
o

o
o

o
o

o
o

o
o

o
o

o
o

e
P

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
 

m
o

m
o

o
o

o
o

o
o

o
o

o
o

o
o

m
m

 
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
o
o
o
 

m
o

m
o

o
o

o
o

o
o

o
o

o
o

o
o

m
m

 
......................................... 

o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
~
o
o
o
o
 

O
d

O
r

l
r

l
d

r
l
d

d
d

r
l
r

l
d

d
r

l
d

O
O

 
r
l
r
l
d

d
r
l
d

r
l
r
l
r
l
d

 
r
l4

d
r
ld

r
ld

r
lr

ld
r
ld

r
l 

o
m

m
o

o
o

o
o

o
o

m
m

m
o

m
o

m
m

 
m

o
m

m
m

o
o

o
r

v
 
o
o
o
o
o
o
o
d
o
o
o
o
o
 

o
m

m
o

o
o

m
m

o
o

m
m

m
o

m
o

m
m

 
m

o
m

~
N

o
o

o
w

m
 o

o
o

o
m

m
o

m
o

o
o

m
m

 
r
l 

d
4

r
l
N

 
d
d
 

r
l 

d
r
l
r
l
 

r
l 

r
l 

d
r

l
d

N
 

d
r
l
N

r
l
 

r
lr

l 
r
lr

lN
 

o
e

~
o

m
m

o
o

o
m

m
m

4
d

d
o

m
m

 rlm
o

o
o

o
m

m
m

r
l 

o
o

o
m

o
e

m
m

o
m

~
o

o
 

m
m

m
m

~
m

m
m

o
~

w
m

m
m

m
m

~
m

 
e

~
o

o
o

m
m

m
v

e
 0

0
m

~
m

m
~

m
m

r
4

m
o

 
m

m
m

N
w

m
m

o
m

m
m

~
o

o
o

d
v

N
 m

d
r

l
o

d
d

o
o

r
l

e
 

~
m

o
o

o
o

r
m

w
m

m
m

r
l

 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
  

0
0

0
0

0
0

0
0

0
0

0
0

0
 

o
o
o
q
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 

........................................ 
0

0
0

0
0

0
0

0
0

0
 

~
o

d
o

o
o

o
d

o
~

o
o

o
 

~
w

m
o

m
~

o
o

o
m

~
~

m
m

m
~

d
r

l
 

m
m

o
o

o
o

m
N

r
lm

 
o

o
o

m
o

w
m

~
~

m
m

o
o

 
m

e
v

m
r

w
m

m
o

t
-

m
o

e
e

q
m

t
-

r
l 

m
b

o
o

o
m

t-
d

m
m

 
o

o
m

r
m

w
r

r
m

~
m

m
o

 
w

u
w

r
~

t
-

w
m

m
w

r
~

m
m

m
m

m
r

 
e

m
m

o
m

m
m

m
m

m
 

m
d

m
m

m
m

N
w

m
w

v
w

m
 

m
m

m
m

m
m

m
m

m
m

m
a

m
m

m
m

m
m

 
m

m
m

o
m

m
m

m
m

m
 

m
m

m
m

m
m

m
m

m
m

m
m

m
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 

0
0

0
d

0
0

0
0

0
0

 
0

0
0

0
0

0
~

0
0

~
0

~
~

 

o
m

m
o

o
o

o
o

o
o

m
m

m
m

m
o

m
m

 
r

o
m

m
m

o
o

o
r

-
e

 
o

o
o

m
o

m
o

v
o

o
o

o
o

 
o

m
m

o
o

o
m

m
o

o
a

m
m

m
m

o
m

m
 

m
o

m
~

N
o

o
o

w
m

 o
o

o
m

m
e

o
w

o
o

o
m

m
 

d
 

d
r

l
d

N
 

r
l
d

 
r
l 

r
l
d

 
r
l 

r
l 

r
l
r
l
r
l
N

 
d

r
l

N
 

d
r
l 

4
r

l
N

 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

d
d

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
 
o
o
o
o
o
o
o
m
o
o
o
o
o
 

3
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

d
0

0
0

0
0

0
 

0
0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

  
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

~
~

0
 

o
o
o
o
o
o
o
o
q
o
o
o
o
 

......................... 
.

.
.

.
.

.
.

.
.

.
.

.
.

 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
 

o
o

o
o

o
o

m
m

o
o

o
o

o
 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
 

o
o

o
o

o
o

m
e

o
o

o
o

o
 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
 

o
o

o
o

o
o

m
m

o
o

o
o

o
 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
 

o
o

o
o

o
o

m
m

o
o

o
o

o
 

d
r
1

4
r
ld

r
id

r
ld

4
r
lr

ld
4

r
ld

r
lr

l 
r
lr

l4
4

r
ld

d
r
lr

ld
 

d
r
l
d

4
r
l
d

O
O

r
l
4

d
r
l
d

 
......................................... 

o
p

p
o

o
o

o
o

o
o

o
o

o
m

m
o

o
o

 
w

o
m

m
m

o
m

m
~

e
 o

d
d

o
o

o
m

m
o

o
o

o
o

 
~

m
m

o
o

o
m

m
o

o
o

o
o

m
m

o
o

o
 m

o
N

N
N

o
m

m
w

m
 

o
m

m
o

m
m

'n
m

o
o

o
m

~
 

4
 

d
d

4
N

 
d

d
d

N
r

l
 

r
l
4

r
l
N

 
r
l 

r
lr

l 
r
l 

r
l 
d
d
 

r
:
 

d
d
N
 



Appendix A. Continued. 

mAAT-2* M - I ,  2* mW-4* 
Population N -100 - 73 N 100 75 N 100 114 

Western  Cook  Inlet  Drainages  Continued 
Packers  Lake, 92 
Packers  Lake, 93 

Packers  Lake  pooled 
msilof River Drainage 
Bear  Creek. 92 
BEC creek; 93 

Moose  Creek,  "ustunem. 92 
Moose  Creek,  Tustumena, 93 

Glacier  Flat Creek, 92 
Glacier  Flat Creek, 93 
Glacier  Flat Creek, 94 

Nikolai  Creek, 92 
Nikolai  Creek, 93 

mstumena  Lake site 1, 94 

Bear  Creek pooled 

Moose  Creek,  Tustumena  pooled 

Glacier  Flat  Creek p l e d  

Nikolai  Creek p l e d  

Tusturwna Lake  site 2; 94 

SeeDaae  Creek. 94 
Tustwnena  Lake p l e d  

Norkhgastern  Cook  Inlet  Drainages 
Bishop  Creek, 93 

99 1.0000 0.0000 
8 1  1.0000 0.0000 

180 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

199 1.0000 0.0000 
100 1.0000 0.0000 

199 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

98 0.9949 0.0051 
298 0.9983 0.0017 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 
100 l.0000 0 . 0 0 0 0  
100 1.0000 0.0000 

Daniels Lake. 92 
Daniels  Lake; 93 

Knik Arm (Little  Susitna River Drainages) 
Nancy  Lake, 93 
Cottonwood  Creek, 93 
Fish  Creek, 92 
Fish  Creek, 93 
Fish  Creek, 94 

Daniels  Lake  pooled 

99 1.0000 0.0000 
98 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

Fish  Creek 93/94 pooled 195 1.0000 0.0000 
95 1.0000 0.0000 

98  0.9668  0.0332 

98  0.9668  0.0332 

100 0.9625  0.0375 
99 0.9621 0.0379 

199 0.9623 0.0377 
99 0.9646 0.0354 

196 0.9605 0.0395 
97 0.9562 0.0438 

100 0.9575 0.0425 
99 0.9798 0.0202 

100 0.9600 0.0400 
299 0.9657 0.0343 

100 0.9400 0.0600 
86 0.9564 0.0436 

186 0.9476 0.0524 

50 0.9900 0.0100 
50  0.9600  0.0400 

100 0.9750 0.0250 
100 0.9650 0.0350 

100 1.0000 0.0000 

1 8 1  1.0000 0.0000 
8 1  1.0000 0.0000 

99 1.0000 0.0000 
loo i.oooo o.oooo 
199 1.0000 0.0000 
loo 1.0000 o.oooo 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
100 1 .0000  0.0000 
300 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000  0.0000 100 0.9950  0.0050 100 1.0000 0.0000 
98 1.0000 0.0000 100 1.0000 0.0000 100 1.0000 0.0000 

100 0.9950 0.0050 100 1.0000 0.0000 
200  0.9975  0.0025  200  0.9975  0.0025  200 1.0000 0.0000 

100 1.0000 0.0000 

100 1.0000 0.0000 
99 0.9646 0.0354 100 1.0000 0.0000 

100 1.0000 0.0000 
98 1.0000 0.0000 

100 0.9925  0.0075 100  1.0000 0.0000 
98 1.0000 0.0000 

95  0.9947 0.0053 
195  0.9936  0.0064 

96  1.0000 0.0000 
196 1.0000 0.0000 

82 



pppendix A. Continued. 

Population N 100 117  75 N 100 91   108   95  83 
sRH* ALAT* 

K e n a i  River Drainage 

Russian  River,  above/late, 92 
Russian  River,  -/early, 92 

Russian  River,  above/late, 93 

Russian  River,  below, 93 
Ptarmigan  Creek, 92 
Ptannigan  Creek, 93 

Tern  Lake, 92 
Tern  Lake, 93 

Quartz Creek, 93 
m r t z  Creek, 92 

Btwn Kenai/Skilp?$s, 92 
Btwn  Kenai/Skilak  Lakes, early, 93 
Btwn  Kenai/Skilak  Lakes. late, 93 

Russian River,  above/late p l e d  

Ptarmigan  Creek p l e d  

Tern  Lake p l e d  

Quartz Creek 

100 
100 

199 
99 

100 
99 

198 
98 

100 
50 

150 
100 
100 
200 
100 

97 
100 

Btwn  K&/Ski  Lakes  site 6 b l e d  
Btwn  Kenai/Skilak  Lakes  site 1, early, 94  50 

297 

Btwn  Kenai/Skilak  Lakes  site 1, late, 94  50 
Btwn  Ken/Ski  Lakes  site 1 pooled 

Btwn  Kenai/Skilak  Lakes  site 2. earlv. 94  50 
100 

Btwi  Kenai)Skilak  Lakes  site 2; late;. 94  50 
Btwn  Ken/Ski  Lakes  site 2 p l e d  

Btwn  Kenai/Skilak  Lakes  site 3 ,  early, 94 100 
100 

Btwn  Kenai/Skilak  Lakes  site 3, late, 94  50 
Btwn %/Ski Lakes  site 3 p l e d  

Btwn  Kenai/Skilak  Lakes  site 4, late, 94  50 
150 

Btwn  Kenai/Skilak  Lakes  site 5, late, 94 100 
Hidden  Creek, 92 100 
Hidden  Creek; 93 

Hidden  Creek p l e d  
Skilak  Lake  Outlet, 92 
Skilak  Lake  Outlet,  early, 93 
Skilak  Lake  Outlet,  late, 93 

Skilak  Lake  Outlet,  late, 94 
Skilak  Lake  Outlet,  early, 94 

Moose  Creek,  Kenai, 93 
Skilak  Lake  Cutlet p l e d  

Moose  Creek.  Kenai. 94 
~Mcase  Creek, ~K&i -pled 

200 
100 

99 
99 

100 
199 
196 
693 
100 

99 
199 

0.2600 0.7400 
0.2850 0.7150 
0.3030 0.6970 

0.9545 0.0455 
0.2940 0.7060 

0.9950 0.0050 
0.9847 0.0153 
0.9899 0.0101 
0.9900 0.0100 
1.0000 0.0000 
0.9967 0.0033 
0.9950 0.0050 
0.9950 0.0050 
0.9950 0.0050 
0.9750 0.0200 
0.9639 0.0361 
0.9800 0.0200 

0.9700 0.0300 
0.9731 0.0253 

0.9500 0.0300 
0.9600 0.0300 
0.9700 0.0300 
0.9800 0.0200 
0.9750 0.0250 
0.9800 0.0150 

0.9800 0.0167 
0.9800 0.0200 

1.0000 0.0000 
0.9800 0.0200 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
0.9697 0.0303 

0.9950 0.0050 
0.9697 0.0303 

0.9799 0.0176 
0.9796 0.0204 
0.9791 0.0202 
0.9750 0.0250 
0.9848 0.0152 
0.9799 0.0201 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0000 

0.0000 
0.0017 

0.0200 
0.0100 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0025 
0.0000 
0.0007 
0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0050 

0.0033 
0.0000 

0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 

0.0000 
0 .0000 

0 .0000  
0 .0000 
0.0000 
0.0000 

0 .0000 
0.0000 

100 
100 
100 
200 
100 
100 

197 
97 

50 
98 

14  8 
99 

100 
199 

99 
97  

100 
296 

48 
50 
98 
48 

98 
50 

50 
98 

148 
50 

100 
100 

200 
100 

96 

98 
98 

199 
196 
687 

98 
99 

197 

0.8550 

0.8200 
0.8500 

0.8350 
0.6500 
0.6350 
0.6082 
0.6218 
0.6700 
0.6939 
0.6858 
0.5354 
0.4350 
0.4849 
0.6566 
0.6649 
0.6200 

0.7396 
0.6470 

0.6500 
0.6939 
0.6146 
0.6900 

0.6122 
0.6531 

0.6385 
0.6900 

0.6300 
0.6900 
0.8300 
0.7900 
0.8100 
0.7031 

0.6633 
0.6735 

0.6985 
0.6913 
0.6885 
0.4082 
0.3586 
0.3832 

0.1400 
0.1350 
0.1750 

0.2600 
0.1550 

0.3250 
0.3505 
0.3376 
0.3000 
0.2857 
0.2905 
0.4394 
0.5100 
0.4749 

0.2680 
0.2626 

0.3200 
0.2838 
0.2396 
0.3000 

0.3646 
0.2704 

0.2600 
0.3112 
0.3214 
0.2700 
0.3041 
0.2900 

0.0500 
0.2750 

0.0950 
0.0725 
0.2552 

0.2551 
0.2296 

0.2513 
0.2526 
0.2496 
0.5918 

0.6142 
0.6364 

0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0 .oooo 
0.0000 
0.0000 
0 .oooo 
0.0101 
0.0052 
0.0000 

0.0000 
0.0051 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .oooo 
0.0100 
0.0000 
0.0000 
0 .0000  
0 .oooo 
0 .oooo 
0.0051 
0.0051 

0.0000 
0 .oooo 
0. o o i i  
0.0000 
0.0000 
0 .0000  

0.0050 

0.0050 
0.0150 

0.0100 
0.0900 
0.0400 
0.0412 
0.0406 
0.0300 
0.0204 
0.0236 
0.0253 
0.0550 
0.0402 
0.0707 
0.0619 
0.0600 
0.0642 
0.0208 
0.0500 

0.0208 
0.0357 

0.0500 
0.0357 
0.0663 
0.0400 
0.0574 
0.0700 

0.1200 
0.0350 

0.1150 
0.1175 
0 10417 
0.0918 
0.0765 
0.0503 
0.0561 
0.0604 
0.0000 
0.0051 
0.0025 

83 



Appendix A. Continued. 

Population N 100 117  75 N 100 91  108  95 83 
SAH* m T *  

Suaitna River (Yentna Drainages) 
Chelatna  Lake,  92 
Chelatna  Lake, 93 

Chelatna  Jake p l e d  
Yentna  River  West  Fork,  92 
Yentna  River  West  Fork,  93 

Hewitt  Lake,  92 
Hewitt/Whiskey  Lakes,  93 

Shell  Lake,  92 
Shell  Lake,  93 

Shell  Jake p l e d  
Trinity  Jake,  92 
Trinity/Movie  Lakes,  93 

Trinity/Movie  Lakes  pooled 
Judd  Lake,  92 
Judd  Lake.  93 

Yentna  River  West  Fork p l e d  

Hewitt/Whiskey  Lakes p l e d  

Susitna River  (Mainstem  Drainages) 
B v e r s  Lake. 93 

Judd  Lkke  pooled 

-2 ~ ~- - ~ 

stephan d e ,  93 
Stephan  Lake,  site 1, 1994 
Stephan  Lake  site 2, 94 

Larson  Lake.  92 
Stephan  Lake  pooled (not site 1) 

Larson  Lake;  93 

Birch  Creek,  93 
Larson  Lake p l e d  

Red Shirt h e ,  93 
Western Cook Inlet Drainacres 
Coal  Creek  West  Fork,  92 
Coal Creek  West  Fork,  93 

olilligan  River,  92 
Chillisan  River.  94 

- 
C o a l  Creek  West  Fork p l e d  

M c A r t i i u r  River,  93 
Wolverine  Creek 93 

ChiIliyan  River p l e d  

Crescent  River,  92 
Crescent  River,  93 

Crescent  River  pooled 
Crescent  Lake  site 1,  94 
Crescent  Lake  site 2,  94 

~~ ~ ~ 

100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 
100 0.9950 0.0050 0.0000 0.0000 

200 0.9950 0.0050 0.0000 0.0000 
100 0.9950 0.0050 0.0000 0.0000 

50 1.0000 0.0000 0.0000 0.0000 
50 1.0000 0,0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 

100 
100 
25 
25 
125 
100 

1.0000 
0.9800 
0.9800 

0.9840 
1.0000 

1.0000 

0.0000 
0.0200 
0.0200 
0.0000 
0.0160 
0.0000 

0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

100 0.4750  0.5200 0.0000 0.0050 

198 0.4621 0.5354 0.0000 0.0025 
98 0.4490 0.5510 0.0000 0.0000 

100 0.5500 0.4400 0.0000 0.0100 
99 0.5354 0.4536 0.0000 0.0051 
199 0.5427 0.4497 0.0000 0.0075 
49 0.7551 0.2449 0.0000 0.0000 
50 0.7000 0.3000 0.0000 0.0000 
99 0.7273 0.2727 0.0000 0.0000 
100 0.4100 0.5650 0.0000 0.0250 

200 0.4350 0.5400 0.0000 0.0250 
100 0.4600 0.5150 0.0000 0.0250 

99 0.7727 0.2222 0.0000 0.0051 
100 0.7700 0.2300 0.0000 0.0000 
199 0.7714 0.2261 0.0000 0.0025 

99 0.5859 0.3283 0.0000 0.0859 
99 0.5859 0.3636 0.0000 0.0505 

198 0.5859 0.3460 0.0000 0.0682 

100 0.6800 0.2250 0.0000 0.0950 
100 0.5850 0.3000 0.0000 0.1150 
25 0.4600 0.5400 0.0000 0.0000 
25 0.4200 0.3800 0.0000 0.2000 
125 0.5520 0.3160 0.0000 0.1320 
100 0.7350 0.2450 0.0050 0.0150 

100 1.0000 0.0000  0.0000  0.0000 99 0.7172 0.2677 0.00oo o.oi52 
200 1.0000 0.0000 0.0000 0.0000 199  0.7261  0.2563  0.0025  0.0151 

34 1.0000 0.0000 0.0000 0.0000 
67 1.0000 0.0000 0.0000 0.0000 

34  0.4412  0.5441 0.0000 0.0147 
63  0.5714  0.4286 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
98 1.0000 0.0000 0.0000 0.0000 
198 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 
150 
100 

100 
98 

100 
200 
50 
50 

1.0000 
1.0000 
0.9898 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 :  0000 
0.0000 
0.0102 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  

0.0000 
0.0000 

0.0000 

0 .0000  
0.0000 

~~~~ 

0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 

100 0.4050 0.5900 0.0000 0.0050 
100 0.3450 0.6150 0.0000 0.0400 
200 0.3750 0.6025 0.0000 0.0225 
100 0.5550 0.4450 0.0000 0.0000 

150 0.5700 0.4300 0.0000 0.0000 
50 0.6000 0.4000 0.0000 0.0000 

98 0.6071 0.2245 0.0000 0.1684 
97 0.1134 0.8866 0.0000 0.0000 
100 0.5200 0.4700 0.0000 0.0100 
100 0.5350 0.4450 0.0000 0.0200 
200 0.5275 0.4575 0.0000 0.0150 
50 0.5800 0.3400 0.0000 0.0800 
50 0.5200 0.4800 0.0000 0.0000 
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Appendix A. Continued. 

CK-A2* CK-B* FDH* 
Population N 100 125  N 100 102 N 100 128 

Kenai River Drainage 
Russian  River,  above/early. 92 
Russian  River,  abwe/late, 92 
Russian  River,  abare/late, 93 

Russian  River,  below, 93 
Ptarmigan  Creek, 92 
Ptarmigan  Creek, 93 

Russian  River,  above/late p l e d  

Ptarmicran Creek  pooled 

100 
100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.9747 
0.9950 
0.9849 
1.0000 
1.0000 
0.9950 
0.9983 
1.0000 
1.0000 

0.0000 100 1.0000 
1.0000 
0.9950 
0.9975 
1.0000 
1.0000 

0 .0000  
0.0000 100 

79 

176 
76 

100 
96 

96 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0026 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0051 
0.0017 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0 .0000 
0 . 0 0 0 0  

100 

200 
100 

100 
100 

0.0050 
0.0025 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  

97 
197 

100 
99 

197 
97 

50 
98 

. .  
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0 .0000 

0 9950 
1.0000 

196  0.9974 
49 1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.9949 
0.9983 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

198 
98 

100 
50 

150 
100 
100 
200 
100 

96 

295 
99 

50 
50 

100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0253 
0.0050 

Tern  Lake: 92 
Tern  Lake, 93 

Quartz  Creek, 92 
Guartz Creek. 93 

Tern  Lake  pooled 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

148 
99 

99 
99 

198 
100 

97 
99 

296 
50 

100 
50 

50 

148 

100 
99 

199 
100 

~~ 

0.0151 
0.0000 
0.0000 
0.0050 
0.0017 

- 
Quartz Creek 

Btwn  Kenai/Skil 
Btwn  Kenai/Skilak  Lakes,  early, 93 
Btwn  Kenai/Skilak  Lakes!  late, 93 

Btwn  Kenai/Skilak  Lakes  site 1, early, 94 
Btwn  Kenai/Skilak  Lakes  site 1, late, 94 

~~ ~ 

97 
100 

Btwn  Ken/Ski  Lakes  slte 6 p l e d  

Btwn  Ken/Ski  Lakes  site 1 pooled 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

297 
50 
50 

0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000 
0.0000 
0 . 0 0 0 0  
0 .0000 
0 . 0 0 0 0  
0 . 0 0 0 0  

0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000  
0 .0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000  
0 .0000 

100 
50 

100 
50 

98 
50 

148 
50 

100 
100 
100 
200 
100 
100 
100 
200 
195 
695 

99 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

50 
50 

100 
100 

50 

BtG-Kenai/Skilak  Lakes site 2 ,  early, 94 
Btwn  Kenai/Skilak  Lakes site 2, late, 94 

Btwn  Kenai/Skilak  Lakes site 3, early, 94 
Btwn  Kenai/Skilak  Lakes site 3, late, 94 

Btwn  Ken/Ski  Lakes  site 2 pooled 100 
50 

98 
50 

148 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

150 
48 

100 
100 
100 
200 
100 
100 
100 
200 
200 
700 

Btwn  Kenai/Skilak  Lakes  site 4, late, 94 
Btwn  Kenai/Skilak  Lakes  site 5. late, 94 
Hidden  Creek, 92 
Hidden  Creek, 93 

Hidden  Creek p l e d  
Skilak  Lake  Outlet, 92 
Skilak  Lake  Outlet,  early, 93 
Skilak  Lake  Outlet,  late, 93 
Skilak  Lake  Outlet.  earlv. 94 

Btwn  K&/Ski  Lakes  site 3 p l e d  
100 

50 

100 
99 

199 
100 
100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1. oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 

199 
99 

199 
697 

99 

1.0000 
1.0000 
1.0000 
1.0000 

Skilak  Lake  Outlet;  late;. 94 
Skilak  Lake  Outlet  pooled 1.0000 

1.0000 
1.0000 
1.0000 

0 . 0 0 0 0  
0.0000 

100 

200 
100 

Moose  Creek, Kenai, 93- 
Moose  Creek, Kenai, 94 

Moose  Creek,  Kenai  pooled 
100 
199 198 

99 
0.0000 1.0000 
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Appendix A. Continued. 

CK-A2 * CK-B* FDH* 
Population N 100 125 N 100 102 N 100 128 

Susitna River (Yentna Drainages) 
Chelatna Lake,  92 
Chelatna Lake, 93 

Chelatna Lake p l e d  
Y e n t n a  River West Fork, 92 
Y e n t n a  River West Fork, 93 

H e w i t t  Lake, 92 
Y e n t n a  River West Fork pooled 

Hewitt/Whiskey Lakes, 93 

Shel l   Lake,  92 
Shel l   Lake,  93 

Hewitt/Whiskey  Lakes p l e d  

T r i n i t y  Lake, 92 
S h e l l  Lake p l e d  

-inity/kbvie Lakes, 93 
Trinity/Movie  Lakes p l e d  

Judd Lake, 92 
Judd Lake, 93 

sueitna River  (Mainstem  Drainagea 
Byers Lake, 93 
Stephan  Lake,  93 
Stephan  Lake, s i te  1, 1994 
stephan Lake site 2, 94 

Larson  Lake, 92 
Larson  Lake,  93 

B i r c h  Creek, 93 

Western Cook Inlet  Drainages 
Red S h i r t  Lake,  93 

C o a l  Creek West Fork, 92 
C o a l  Creek West Fork,  93 

ckilligan River, 92 
chilli an River, 94 

McArthur River, 93 
wolverine Creek  93 

Judd Lake pooled 

Stephan Lake p l e d  . (not  site 

Larson Lake pooled 

C o a l  Creek West Fork p l e d  

cki? l igan  River pooled 

Crescent River, 92 
Crescent River ,  93 

Crescent Lake s i te  1, 94 
Crescent hver p l e d  

Crescent Lake site 2, 94 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 

97 1.0000 0.0000 

49 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
200 1.0000 0.0000 

100 1.0000 0.0000 
80 1.0000 0.0000 

180 1.0000 0 .0000  
80 1.0000 0.0000 

100 1.0000 0.0000 
180 1.0000 0.0000 

197 1.0000 0.0000 

50 1.0000 0 .0000  

98 1.0000 0 .0000  
99 1.0000 0.0000 
25 1,0000 0.0000 
25 1.0000 0.0000 

124 1.0000 0 .0000  
80 1.0000 0.0000 

179 1,0000 0.0000 
99 1.0000 0.0000 

67 1,0000 0.0000 
34 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0 .0000  
200 1.0000 0 .0000  

99 1.0000 0.0000 

149 1,0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0 .0000  
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0 .0000  
100 1.0000 0.0000 
200 1.0000 0.0000 

99 1.0000 0.0000 
100 1.0000 0.0000 
199 1.0000 0.0000 
49 1.0000 0.0000 
50 1.0000 0.0000 
99 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
199 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0 .0000  

199 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

21 1.0000 0.0000 
25 1.0000 0.0000 

125 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

65 1,0000 0.0000 
34 1.0000 0.0000 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 

150 1,0000 0.0000 
50 1,0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

93 1.0000 0.0000 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

193 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

25 1.0000 0.0000 
25 1.0000 0.0000 

125 1.0000 0.0000 
100 1.0000 0.0000 

198  1.0000 0.0000 
98 1.0000 0.0000 

34 1.0000 0.0000 
66 1.0000 0.0000 

100 1.0000 0.0000 
96 1.0000 0.0000 

196 1.0000 0.0000 
100 1.0000 0.0000 

150 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 
97 1.0000 0.0000 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 
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Appendix A. Continued. 

CK-A2* CK-B* mlH* 
Popula t ion  N 100 125 N 100 102 N 100 128 

Western Cook Inlet  Drainages Continued 
Packers  Lake,  92 
Packers Lake, 93 

Packers Lake p l e d  
msilof River Drainage 
Bear Creek, 92 
Bear Creek, 93 

Moose Creek, Tustumena, 92 
Moose Creek, Tustumena,  93 

Glacier Fla t   Creek ,  92 
Glacier F l a t  Creek, 93 
Glacier F la t   Creek ,  94 

Nikolai Creek, 92 
Nikolai Creek, 93 

Tustumena Lake si te 1, 94 
Niko la i  Creek p l e d  

'rustumena Lake site 2 ,  94 

Northeastern Cook Inlet  Drainages 
Seepage  Creek, 94 

E ? % s  m e .  92 
Creek,  93 

Bear Creek pooled 

Moose Creek, Tustumena p l e d  

Glacier F l a t  Creek p l e d  

Tustunena Lake p l e d  

Daniels Lake; 93 

I[llik Arm (Little  Susitna  River  Drainages) 
Daniels  Lake pooled 

Lake, 93 
Cottonwood  Creek,  93 
F i sh  Creek, 92 
F i s h  Creek, 93 
Fish  Creek, 94 

Fish  Creek  93/94 p l e d  

100 1.0000 0 .0000  

183 1.0000 0.0000 
83 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

199 1.0000 0.0000 
96 1.0000 0.0000 

100 1.0000 0.0000 
196 1.0000 0.0000 
100 1.0000 0.0000 
100 0.9950 0.0050 

294 0.9983 0.0017 
94 1.0000 0.0000 

100 1.0000 0.0000 
80 1.0000 0.0000 

180 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 

99 1.0000 0.0000 
83 1.0000 0.0000 182 i.oooo o.oooo 

100 1.0000 0.0000 
99 1.0000 0.0000 

199 1.0000 0.0000 
100 1.0000 0.0000 

199 1.0000 0.0000 
99 1.0000 0.0000 

100 1,0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
300 1.0000 0.0000 
100 0.9900 0.0100 
100 0.9950 0.0050 
200 0.9925 0.0075 

44 1.0000 0.0000 
50 1.0000 0.0000 
94 1.0000 0.0000 
97 1.0000 0.0000 

98 1.0000 0.0000 
100 1.0000 0.0000 100 1.0000 0.0000 

200 1.0000 0.0000 200 1.0000 0.0000 
100 1.0000 0.0000 100 1.0000 0 .0000  

100 
99 

100 
98 

100 
198 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 

100 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0 .0000  
100 1.0000 0 . 0 0 0 0  
200 1.0000 0.0000 

96 1.0000 0 .0000  .. ~~~ 

80 1.0000 0.0000 
176 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 
96 1.0000 0.0000 
40 1.0000 0.0000 
99 1.0000 0.0000 

196 1.0000 0.0000 
97 1.0000 0.0000 
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pppendix A.  Continued. 

W D H -  2 * G3PDH-I, 2* 
Population N 100 50 208 N -100 -150  -175 0 

0.0000 
0.0000 
0.0051 
0.0025 

0 .oooo 
0.0000 

100 1.0000 0.0000 
0.0000 
0.0000 

0 .0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0051 
0.0000 
0.0017 
0.0000 

K e n a i  River Drainage 
Russian  River,  above/early, 92 
Russian  River,  above/late, 92 

100 1.0000 

Russian River,  above/late, 93 
100 1.0000 

98  0.9949 

Russian  River, below, 93 
Russian  River,  -/late p l e d  198  0.9975 

Rarmigan  Creek, 92 
99 1.0000 
100 1.0000 

Ptarmigan  Creek, 93 97 1.0000 

Tern  Lake, 92 
Ptarmigan  Creek p l e d  197 1.0000 

Tern  Lake, 93 100 1.0000 
50 1.0000 

Tern  Lake p l e d  
Quartz Creek, 92 

150 1.0000 

Quaaz Creek, 93 
96 1.0000 
99 1.oouo 

195 1.0000 
99 1.0000 

Btwn  Kenai/Skilak  Lakes,  early, 93 96  0.9844 
Btwn  Kenai/Skilak  Lakes,  late, 93 

Btwn  %/Ski  Lakes  site 6 p l e d  294  0.9898 
99  0.9848 

Btwn  KenailSkilak  Lakes  site 1, early, 94  50  0.9800 
Btwn  KenailSkilak  Lakes  site 1, late, 94  50 1.0000 

Btwn  Kenai/Skilak  Lakes  site 2, early, 94  50 1.0000 
Btwn  %/Ski  Lakes  site 1 p l e d  100 0.9900 

Btwn  Kenai/Skilak  Lakes  site 2, late, 94 50  1.0000 
Btwn  Ken/Ski  Lakes  site 2 p l e d  100 1.0000 

Btwn  Kenai/Skilak  Lakes  site 3, early, 94 100 0.9950 
Btwn  Kenai/Skilak  Lakes  site 3 ,  late, 94 50  0.9900 

Btwn Ken/Ski Lakes  site 3 p l e d  
Btwn  Kenai/Skilak  Lakes  site 4, late, 94  50  0.9900 

150  0.9933 

Btwn  KenailSkilak  Lakes  site 5, late, 94 100 1.0000 
Hidden  Creek, 92 100 0.9900 
Hidden  Creek, 93 

Hidden  Creek p l e d  200  0.9825 
100 0.9750 

Skilak  Lake  Outlet, 92 
Skilak Lake  Outlet,  early, 93 

99  0.9848 

Skilak Lake  Outlet,  late, 93 
100 0.9900 
100 0.9800 

Skilak  Lake  Outlet,  early, 94 
Skilak  Lake  Outlet,  late, 94 

200  0.9950 
197  0.9949 

Skilak Lake  Outlet  pooled 696  0.9907 

Quartz Creek 
Btwn  Kenai/Skil 

io0  1.ooo0 
96 1.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

196 1.0000 
99 1.0000 

100 1.0000 
98 1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0025 
0.0017 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 

198 1.0000 
50 1.0000 

100 0.9975 
150 0.9983 

99 1.0000 
99 1.0000 

198 1.0000 
100 0.9950 

99 0.9949 
97 0.9974 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0026 
0.0025 
0.0000 
0.0000 

50 1.0000 0.0000 

100 0.9975 0.0025 
50 0.9950 0.0050 

100 0.9975 0.0025 
50 1.0000 0.0000 

150 0.9983 0.0017 
50 1.0000 0.0000 

100 0.9975 0.0025 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 0.9975 0.0025 
100 1.0000 0.0000 

0.0000 
0.0012 
0.0000 

100 1.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0156 
0.0152 
0.0102 
0.0200 
0.0000 
0.0100 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 

0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0100 
0.0250 
0.0175 
0.0000 
0.0000 
0.0000 
0 .0000  

296 0.9958 
50 1.0000 
50 1.0000 0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0 .oooo 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0050 
0.0100 
0.0067 
0.0100 
0 .oooo 
0 .oooo 
0 .oooo 

0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0 .oooo 
0.0152 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0100 
0.0200 
0.0050 
0.0051 
0.0093 

200 0.9988 
96 1.0000 

200 1.0000 
696 0.9993 
100 1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  

0.0000 
0 .0000 
0 .0000  
0 .0000 
0.0000 

0.0007 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 . 0 0 0 0  
0 .0000 

Moose Creek, Kenai, 93- 
Moose Creek, Kenai, 94 

Moose  Creek,  Kenai p l e d  
100 1.0000 

98 1.0000 

198 1.0000 
100 1.0000 
200 1.0000 0.0000 0 .0000  
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pppendix A. Continued. 

GAPDH-2* G3PDH-1,2* 
Population N 100 50 208 N -100 -150 -175 0 

susitna fiver (Yentna Drainages) 
Chelatna  Lake, 92 
Chelatna  Lake, 93 

Olelatna  Lake p l e d  
Yentna  River  West  Fork, 92 

100 1.0000 
96 1.0000 

196 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 

50 1.0000 
50 1.0000 

100 1.0000 
100 1.0000 

199 1.0000 
99 1.0000 

98 1.0000 

0.0000 0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 

100 1.0000 

200 1.0000 
100 1.0000 

100 1.0000 
100 1.0000 
200 1.0000 

49 1.0000 
50 1.0000 

100 1.0000 
99 1.0000 

199 1.0000 
99 1.0000 

100 1.0000 
20 1.0000 

120 1.0000 
20 1.0000 

100 1.0000 
120 1.0000 

0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0 .0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

0 :  0000 
0.0000 
0 .0000 
0.0000 Yentna  River  West  Fork, 93 

~ 

Yentna  River  West  Fork p l e d  0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 

~ 

Hewitt  Lake, 92 
Hewitt/Whiskey  Lakes, 93 

Hewitt/Whiskey  Lakes p l e d  
Shell  Lake, 92 
Shell  Lake, 93 

Trinity  Lake, 92 
Shell  Lake p l e d  

Trinity/Movie  Lakes, 93 
Trinitv/Wie Lakes  pooled 

100 1.0000 
198 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 

0: 0000 
0 .0000 
0.0000 
0.0000 

Judd  Lake; ' 92 
Judd  Lake, 93 

mitna River (Mamatem Drainages) 
Bvers  Lake. 93 

- 

Judd  Lake  pooled 
0.0000 0.0000 
0.0000 0.0000 
0 .0000  0.0000 

0 .oooo 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 

100 1.0000 100 1.0000 

25 1.0000 
99 0.9545 

25 0.9400 
124 0.9516 
100 1.0000 
100 1.0000 
200 1.0000 

33 1.0000 
67 1.0000 

100 1.0000 

0.0000 
0.0455 
0.0000 
0.0600 
0.0484 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

i o 0  1.oooo 
25 1.0000 
25 1.0000 

Stephan  Lake, 93 
Stephan  Lake,  site 1, 1994 
Stephan  Lake  site 2, 94 

Larson  Lake, 92 
Stephan  Lake p l e d  (not  site 1) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0 .0000 0.0000 

155 i.oooo 
20 1.0000 
76 1.0000 
96 1.0000 
67 1.0000 

0.0000 
0.0000 0.0000 0.0000 

0 .0000 0.0000 

. . ~ ~ ~ ~  

0.0000 
0 .0000 

0 .oooo 
0.0000 
0.0000 
0 .oooo 

34 1.0000 0.0000 

0.0000 100 1.0000 
100 1.0000 
200 1.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0 .0000  

0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 

io0 1.0000 
200 1.0000 

0.0000 
0.0000 
0.0000 

-~ ~ 

100 1.0000 

150 1.0000 
50 1.0000 

100 1.0000 
99 1.0000 

100 1.0000 
99 1.0000 

100 1.0000 
50 1.0000 

150 1.0000 
100 1.0000 

100 0.9950 
95 1.0000 

100 1.0000 
200 0.9975 

50 1.0000 
50 1.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0 .0000  
0.0000 0.0000 
0.0000 0.0000 
0 .0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

0 . 0 0 0 0  
0.0000 
0.0000 
0 .0000  
0 .0000 
0.0000 
0 .0000  
0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .oooo 
0.0050 
0.0000 
0.0025 
0.0000 
0.0000 

.~~~~ 

199 1.0000 
50 1.0000 
50~ 1.0000 
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Appendix A. Continued. 

W D H - 2 *  G3PDH-I, 2* 
Population N 100 50  208 N -100 -150 -175 0 

Western. Cook Inlet Drainages  Continued 
Packers  Lake, 92 
Packers  Lake,  93 

100 1.0000 0.0000 0.0000 
83 1.0000 0.0000 0.0000 

Packers  Lake m l e d  183 1.0000 0.0000 0.0000 
Xasilof River DrHinage 
Bear  Creek,  92 
Bear  Creek,  93 

Moose  Creek, Tustumena,  92 
Mcose  Creek, Tustumena,  93 

Bear  Creek p l e d  

Moose  Creek.  Tustumena  -led 
Glacier  Flat C+eek,  92 
Glacier  Flat Creek,  93 
Glacier  Flat Creek,  94 

Nikolai Creek, 92 
Nikolai Creek,  93 

Nikolai  Creek  pooled 
'rustumena  Lake  site 1, 94 
Tustumena  Lake  site 2 ,  94 

Tustumena  Lake  =led 

- 

Glacier  Flat  Creek pled 

- 
Seepage  Creek,  94 
Northeastern Cook Inlet Drainages 
Bishm Creek. 93 
Daniels  Lake; 92 
Daniels  Lake,  93 

N m c v  Lake, 93 
Knik Arm ( L i t t l e  Susitna River  Drainages) 

Daniels  Lake p l e d  

Cottbnwood  Creek, 93 
Fish  Creek, 92 
Fish  Creek. 93 
Fish  Creek;  94 

Fish  Creek  93/94 pled 

100 
98 
198 
100 

200 
100 

100 
96 

295 
99 

100 

200 
100 

50 

100 
50 

100 

99 
100 
99 
199 

99 
100 
100 
99 
95 
194 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.9950 
1.0000 
0.9983 
I. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 

0 . 0 0 0 0  
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0050 
0.0000 

0.0000 
0.0017 

0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 

0 .0000 
0.0000 

0.0000 
0 .oooo 

0.0000 
0 .oooo 
0.0000 
0 .oooo 
0.0000 
0.0000 

0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0 .0000  
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0 .0000  

100 1.0000 0.0000 0.0000 0.0000 
~7 1.nnoo o.oooo o.oooo o.oooo 
183 1.0000 0.0000 0.0000 0.0000 

_ _  .~ ~~ 

100 
99 
199 
100 
100 
200 
100 
100 

99 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1~. 0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

299 1,0000 0.0000  0,0000 0.0000 
._ 

100 1.0000 0.0000 0.0000 0.0000 

200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

50 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 

98 1.0000 0.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 0.0000 
loo i.0ooo o.oooo o.oooo O.OOOO 
98 1.0000 0.0000 0.0000 0.0000 
198 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

196 1.0000 0.0000 0.0000 0.0000 
96 1.0000 0.0000 0.0000 0.0000 
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pppendix A. Continued. 

Population N 100 108 N 100 132  143 
G3PDH- 4 * GPI-B1,2* 

K e n a i  River Drainage 
Russian  River,  above/early, 92 
Russian  River,  above/late, 92 
Russian River, above/late, 93 

Russian River, below, 93 
Ptarmigan  Creek, 92 
Ptarmiaan  Creek. 93 

Russian  River,  abwe/late p l e d  

100 
100 
100 
200 

100 
99 

198 
98 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 

0.0000 
0.0000 
0.0000 
0.0000 

100 
100 
100 
200 
100 
100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0 .oooo 
0 .oooo 
0.0000 

0.0000 
0 .oooo 
0.0000 
0 .0000 

0 .0000 
0.0000 

0.0076 
0.0050 
0.0063 
0.0000 

0.0000 
0 .oooo 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 

1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 

197 
97 

50 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

0.9924 
0.9950 
0.9937 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
0.9950 0.0050 
0.9975 0.0025 

1.0000 0.0000 
0.9962 0.0038 

~~ 

Ptahigan  Creek p l e d  

Tern  Lake  pooled 

Tern  Lake, 92 
Tern  Lake, 93 100 

48 _. 
98 

14 8 
99 

100 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

14 8 
100 

199 
99 

80 

Quartz Creek,- 92 
W r t z  Creek, 93 

Btwn  Kenai/Skilak  Lakes,  early, 93 
Btwn  Kenai/Skilaf??&zs, 92 

Btwn Kenai/Skilak  Lakes.  late. 93 

Quartz Creek 199 
100 

99 
97 

296 
97 
97 

274 
50 

100 
50 

50 
50 

100 
100 
50 

0.0000 
0.0000 

~ 

Btwn  K&/Ski  Lakes  site 6 pooled 
Btwn  Kenai/Skilak  Lakes site 1, early, 94 
Rt~wn Kenai/Skilak  Lakes site 1. late. 94 

50 

100 
50 

50 

100 
50 

100 
50 

150 
50 

100 
100 
100 
200 
100 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

..~... 
~~~~ 

Btwn I(e;l/Ski~ Lakes site 1 +led ' 

Btwn Kenai/Skilak  Lakes  site 2 .  late. 94 
Btwn  Kenai/Skilak  Lakes  site 2, early, 94 

~ ~ 

Btwn  Kenai/Skilak  Lakes  site 
Btwn  K&/Ski  Lakes  site 2 

Btwn  Kenai/Skilak  Lakes  site 

Btwn  Kenai/Skilak  Lakes  site 
Btwn  Ken/Ski  Lakes  site 3 

Btwn  Kenai/Skilak  Lakes  site 
Hidden Creek. 92 

pooled . 
3, early, 

p l e d  
3 ,  late, 

4, late, 
5, late, 

I 94 
94 

94 
94 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

150 
50 

~. 

100 
100 
100 
200 

79 

1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 

Hidden Creek; 93 
Hidden Creek -led 0.0000 

0 .oooo Skilak  Lake  Cut&, 92 
Skilak  Lake  Outlet, early, 93 
Skilak  Lake  Cutlet, late, 93 
Skilak  Lake  Cutlet, early, 94 
Skilak  Lake  Outlet. late, 94 

l o o  
100 

0.0000 

0 .0000 
0 .0000 

0 .0000 
0 .0000 
0 .0000 
0 .0000 

100 

199 
100 

199 
698 

98 
100 

1.0000 
0.9975 
1.0000 
1.0000 
0.9996 

0.0000 

0 .oooo 
0.0025 

0.0000 
0.0004 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

200 
200 
679 

99 
100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

MOOse Creek, Kenai, 93 
MOOse Creek, Kenai, 94 

Skilak Lake  Gutiet  &led 

Moose Creek,  Kenai  pooled 

0.9974 
1.0000 

0.0026 
0.0000 

0.0000 
0.0000 

199 1.0000 0.0000 198 0.9987 0.0013 0.0000 
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Appendix A. Continued. 

G3PDH- 4 * GPI-Bl, 2* 
Papulation N 100 108 N 100 132  143 

Western Cook Inlet  Drainages  Continued 
Packers Lake, 92 
Packers Lake, 93 

Packers Lake p l e d  
Kasilof River Drainage 
Bear  Creek, 92 
Bear Creek, 93 

Moose Creek, Tustumena, 92 
Moose Creek, Tustumena, 93 

Glacier  Flat Creek, 92 
Glacier Flat Creek, 93 
Glacier  Flat Creek, 94 

Nikolai Creek, 92 
Nikolai Creek, 93 

Tustumena Lake s i te  1. 94 
Nikolai Creek pooled 

Bear Creek p l e d  

Moose Creek, Tustumena p 

Glacier  Flat Creek p l e d  

'led 

96 1.0000 0.0000 

179  1.0000 0.0000 
83 1.0000 0.0000 

100 0.9950 0.0050 
100 0.9900 0.0100 
200 0.9925 0.0075 
100 0.9950 0.0050 

200 0.9950 0.0050 
100 0.9950 0.0050 

100 0.9800 0.0200 
100 0.9850 0.0150 
~ . .  ~ ~~~~ 

99 0.9798 0.0202 
299 0.9816 0.0184 
100 0.9900 0.0100 
100 0.9900 0.0100 
200 0.9900 0.0100 

49 1.0000 0.0000 
50 0.9900 0.0100 

Seepage creek, 94 - 
Northeastern Cook Inlet  Drainages 

Daniels Lake, 93 

Knik Arm (Little  Susitna River Drainages) 
N a n c y  Lake, 93 
Cottonwood Creek, 93 
Fish Creek, 92 
Fish Creek, 93 

Daniels Lake p l e d  

100 1.0000 0.0000 
99 0.9949 0.0051 

Fish Creek; 94 
Fish Creek 93/94 p l e d  

100 1.0000 0.0000 0.0000 
83 1.0000 0.0000 0.0000 

183 1.0000 0.0000 0.0000 
~~ ~~~ 

100 
100 
200 
100 
100 
200 
100 
100 

299 
99 

100 

200 
100 

50 

100 
50 

100 

0.9675 0.0325 
0.9750 0.0250 
0.9712 0.0288 

0.9625 0.0375 
0.9625 0.0375 

0.9625 0.0375 
0.9700 
0.9900 
0.9975 
0.9858 
0.9575 
0.9800 
0.9688 
1.0000 
0.9850 
0.9925 
0.9650 

0.0300 

0.0025 
0.0100 

0.0142 
0.0425 

0.0312 
0.0200 

0.0000 
0.0150 
0.0075 
0.0350 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 

0 .0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 

100 1.0000 0.0000 100 1.0000 0.0000 0.0000 
99 1.0000 0.0000 100  1.0000 0.0000 0.0000 

199 1.0000 0.0000 
99 1.0000 0.0000 100 1.0000 0.0000 0.0000 

100 
99 

100 
100 

195 
95 

1.0000 
1.0000 
1.0000 

1.0000 
0.9900 

0.9949 

0.0000 
0 .0000 
0 .0000 

0.0000 
0.0100 

0.0051 

200 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 
98 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0 .0000 
100 0.9975 0.0025 0.0000 
100 1.0000 0.0000 0.0000 
200 0.9988 0.0012 0.0000 

94 



Appendix A. Continued. 

paoulation N 100 107 N 100 33 
GPI-A* 

94 
mIDHP- 1 * 

77 

Kenai River Drainage 
Russian River, abwe/early, 92 
Russian River, abwe/late, 92 

100 
100 

Russian River, abwellate, 93 
Russian River,  aJxwe/late p l e d  200 

100 

Russian River, below, 93 
Ptarmigan  Creek, 92 
Ptarmigan  Creek, 93 

Tern  Lake. 92 
Ptarmigan Creek p l e d  

Tern  Lake; 93 

Quartz Creek, 92 
Quartz Creek, 93 

Tern Lake p l e d  

Mcose Creek, Kenai, 94 
Moose Creek, Kenai p l e d  

100 
99 

197 
97 

50  

14 8 
98 

99 
99 

198 
100 

97 
99 

296 

50 
50 

100 
50 

100 
50 

100 

150 
50 

50 
100 
100 
100 
200 
100 
100 

199 
100 

199 
698 

98 

198 
100 

1.0000 
1.0000 
1.0000 
1.0000 
0.9848 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
0.9949 
0.9983 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 

0.9850 
0.9900 

0.9875 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0152 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 

0.0000 
0 .0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0 . 0 0 0 0  

0.0000 
0 .0000 

0 .0000  
0 .0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0 .0000  
0 .0000 
0.0000 

0 .0000  
0 . 0 0 0 0  

95 

0 .oooo 
0 .0000  
0.0000 

0 .oooo 
0.0000 

0 .0000 
0 .oooo 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0051 
0.0017 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  

0.0150 
0.0100 

0.0125 
0 .0000  
0 .0000  
0 .0000 
0 .0000  
0 .0000  
0.0000 
0 .0000  

0 .0000 
0 .0000 

100 
100 

199 
99 

100 
99 

198 
98 

100 
50 

150 
100 

199 
99 

100 
97 

294 
97 

50 
50 
100 

50 

100 
50 

99 
50 

149 
50 
100 

100 
100 

200 
100 

99 
100 
200 
199 
698 

98 

198 
100 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
0.9975 
1.0000 
0.9993 
1.0000 

1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 

0 . 0 0 0 0  
0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0025 
0 .0000 
0.0007 
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
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Appendix 4. Continued. 

GPI-A* mIDHP-I* 
Population N 100 94 107 N 100 33  77 

Western Cook I n l e t  Drainages Continued 
Packers Lake, 92 100 1.0000 0.0000 0 .0000  
Packers Lake, 93 83 1.0000 0.0000 0.0000 

* Packers  Lake p l e d  183 1.0000 0.0000 0.0000 
fisilof River Drainage 
Bear Creek, 92 
Bear Creek. 93 

100 1.0000 
100 1.0000 

~~~ 

Bear Creek p l e d  
m s e  Creek, Tustumena, 92 
Wse Creek, mstumena, 93 

Glacier F l a t  Creek, 92 
Glacier F l a t  Creek,  93 
Glacier F l a t  Creek, 94 

w s e  c reek ,  Tustumena p l e d  

~ 

Glacier F l a t  Creek p l e d  
Nikolai Creek,  92 
Nikolai Creek,  93 

Nikolai  Creek p l e d  
mtumena Lake s i te  1, 94 
Tustumena Lake s i te  2, 94 

Seepage Creek, 94 
mtumena Lake p l e d  

Northeastern Cook Inlet  Drainages 
B i s h a o  Creek,  93 
Daniels Lake, 92 
Daniels Lake, 93 

Knik ~ z m  (Little Susitna River 
N a n c y  Lake, 93 
Cottonwood  Creek, 93 
Fish  Creek, 92 
Fish  Creek.  93 

Daniels Lake p l e d  

Fish  Creek; 94 
Fish  Creek  93/94 p l e d  

Drainages) 

200 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 
100 1.0000 
100 1.0000 

99 1.0000 
299 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 

50 1.0000 

100 1.0000 
100 1.0000 

50 1.0000 

0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

99 1.0000 0.0000 0.0000 
83 1.0000 0.0000 0.0000 

182 1.0000 0.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

99 1.0000 
99 1.0000 

198 1.0000 
100 1.0000 
100 0.9900 
200 0.9950 
100 1.0000 
100 0.9750 
100 0.9800 500 0.9850 
100 1.0000 

199 0.9975 
99 0.9949 

50 1.0000 
46 iloooo 
96 1.0000 

100 0.9900 

0.0000 
0.0000 
0.0000 
0.0000 
0.0100 
0.0050 
0.0000 
0.0250 
0.0200 
0.0150 
0.0000 
0.0051 
0.0025 
0.0000 
0.0000 
0.0000 
0.0100 

99 1.0000 0.0000 0.0000 99 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 
200 0.9800 0.0000 0.0200  199 1.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 
100 0.9600 0,0000 0.0400 100 1.0000 0.0000 0.0000 

100 
98 

100 
100 
100 
200 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0000 
0000 
0000 
0000 
0000 
0000 

0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0 .0000 

100 1.0000 0.0000 0.0000 
97 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 

95 1.0000 0.0000 0.0000 
195 1.0000 0.0000 0.0000 

91 



pPpenl:x A. Continued. 

SIDHP-l* SIDHP-2* 
Population N 100 72  84 61 94 N 100 75 92 

K e n a i  River Drainage 
Russian River, abwe/early, 92 
Russian River, above/late, 92 
Russian River,  above/late, 93 

Russian River, below, 93 
Ptarmigan Creek, 92 
Ptarmigan  Creek, 93 

Russian River, -/late p l e d  

Ptarmiaan Creek -led 

100 
100 
100 
200 
98 

1.0000 0.0000 0.0000 0.0000 0.0000 100 
100 

200 
100 

100 
99 

198 
98 

100 
50 

150 

107 
100 

207 
100 
97 
100 
297 
50 
50 
100 
49 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.9293 
1,0000 

0.9634 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0047 
0.0000 

0.0024 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0051 
0.0050 
0.0153 

0.0000 
0.0000 
0.0000 
0.0051 
0.0000 
0.0000 

0.0000 
0 .0000  
0.0000 
0.0000 

100 

198 
98 

50 

.. 
0.0000 
0.0000 
0 . 0 0 0 0  

0 .0000  
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0 19848 0.0051 
1.0000 0.0000 

0.0101 

0.0000 
0.0000 

0.0000 
0 .0000  
0.0000 
0 .0000 

0.0000 

0.0000 
0 .0000 

0.0000 
0.0003 
0.0050 
0.0025 

100 
150 0.0000 

0.0000 100 
100 
200 
100 
97 

0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

h r t z  Creek. 93 

0.0000 
0.0052 
0.0050 

0.0000 
0.0034 

0.0000 
0.0000 
0.0300 
0.0100 

0.0100 
0.0200 

0 .oooo 
0.0067 

0.0000 
0 .0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 

297 
50 
50 
100 
50 
50 
100 
100 
50 
150 
50 
99 

100 

94 
94 

94 
94 

94 
94 

0.0000 

0.0000 
0.0000 

0.0000 ..~... 
0.0000 
0.0000 

0 .0000  

0 . 0 0 0 0  
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000  
0 .0000 
0.0000 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

50 

99 
99 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 149 

50 1.0000 

1.0000 
1.0000 

1.0000 
0.8268 

94 
94 

0.0000 
0.0000 
0 .0000 
0 .oooo 
0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

50 

117 
98 

114 
231 

0.0000 
0.0000 
0.0256 

100 
100 

200 
99 
100 

0 18586 
0.8425 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

0 .  oi75 
0.0216 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.9899 0.0000 
0.9900 O.OC50 

0.0051 
0.0000 

0.0051 
0.0050 

0.0000 
0 .0000 
0.0000 

0.0000 
0.0025 

100 
99 

100 

198 
199 

696 
114 

200 
99 

198 

100 
696 

1.0000 0.0000 
0.9925 0.0025 
0.9924 0.0051 
0.9928 0.0029 
0.9950 0.0000 

0.0000 

0.0025 
0.0025 

0.0022 
0.0050 

0.0000 

0.0000 
0.0000 

0.0014 
0.0000 

0.0007 
0.0000 
0.0000 
0.0000 

~~~~~ 

1: 0000 
0.8586 
0.7879 
0.8222 

0.0000 

0.0000 
0.0000 

0 .0000 

0.0000 
0.0175 
0.0371 
0.0276 

100 
200 

0.9950 0.0050 
0.9950 0.0025 

0.0000 
0.0025 

0 . 0 0 0 0  
0.0000 

121 
235 Mmse Creek, K e n a i  p l e d  

98 
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Appendix A. Continued. 

LDH-A2* LDH-B2* 
Population N 100 150 N 100 110  85 

Kenai River Drainage 
Russjan  River,  above/early, 92 
Russian  River,  abave/late, 92 
Russian  River,  abave/late, 93 

Russian  River, below, 93 
Russian  River,  abave/late p l e d  

Ptarmigan C r e e k ,  92 
Ptarmisan  Creek, 93 

Tern Lake, 92 
PtaEmigan  Creek p l e d  

Moose  Creek, Kenai, 94 
Moose  Creek, Kenal p l e d  

100 1.0000 
100 1.0000 

196 1.0000 
96 1.0000 

100 1.0000 
99 1.0000 

198 1.0000 
98 1.0000 

50 1.0000 
98 1.0000 
148 1.0000 
99 1.0000 
100 1.0000 
199 1.0000 
100 1.0000 
97 1.0000 

292 0.9983 
95 0.9947 

50 1.0000 
50 1.0000 
100 1.0000 
50 1.0000 

100 1.0000 
50 1.0000 

100 1.0000 
50 1.0000 
150 1.0000 
50 1.0000 
100 1.0000 
100 1.0000 
100 1.0000 
200 1.0000 
100 1.0000 
100 1.0000 
100 1.0000 
193 1.0000 
198 1.0000 
691 1.0000 

100 1.0000 
99 1.0000 

i99 1.0000 

0.0000 
0 .0000  
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0053 
0.0017 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0 .0000  
0.0000 
0 .0000  
0 .0000  
0.0000 
0.0000 
0 .0000 
0 .0000  
0 .0000 
0 .0000 
0.0000 
0 .0000 
0 .0000 
0.0000 

100 
99 

197 
97 

100 
99 

198 
98 

100 
50 

150 
100 
100 
200 
100 
97 
97 
294 
50 
50 
100 
50 

100 
50 

100 
50 
150 
50 
100 
100 
100 
200 
100 
100 
99 
200 
200 
699 
100 

200 
100 

0.4949 
0lSiOO 
0.7320 
0.7056 
0.9242 
0.8950 
0.8827 
0.8889 
0.8500 
0.8250 
0.8333 
0.9150 
0.8600 
0.8875 
0.8700 
0.8763 
0.9072 
0.8844 
0.8300 
0.8500 
0.8400 
0.8900 
0.8700 
0.8800 
0.9050 
0,8900 
0.9000 
0.8700 
0.9450 
0 9650 
0.9800 
0.9725 
0.9400 
0.9000 
0.9192 
0.9200 
0.9100 
0.9170 
0.9050 
0.9150 
0.9100 

0.5051 
0.3200 
0.2680 
0.2944 
0.0758 
0.1050 
0.1173 
0.1111 
0.1500 
0.1750 
0.1667 
0.0850 
0.1400 
0.1125 
0.1300 
0.1237 
0.0928 
0.1156 
0.1700 
0.1500 
0.1600 
0.1100 
0.1300 
0.1200 
0.0950 
0.1100 
0.1000 

0.0600 
0.1000 
0,0808 
0.0800 
0.0900 
0.0830 
0.0950 
0.0850 
0.0900 

0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 : 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
n.noo0 .....~ 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 

0.1300 0 .OOOO 
0.0550 0.0000 
0.0350 0.0000 
0.0200 0.0000 
0.0275 0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
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Appendix A. Continued. 

Population N 100 150 N 100 110 85 
LlDH-A2*  LDH-B2* 

Suaitna River (Yentna Drainages) 
Chelatna. Lake, 92 
Chelatna Lake, 93 

Chelatna Lake p l e d  
Yentna River West Fork, 92 
Yentna River West Fork, 93 

H e w i t t  Lake, 92 
Yentna River West  Fork  pooled 

Hewitt/Whiskey  Lakes, 93 
Hewitt/Whiskey Lakes p l e d  

Shell Lake, 92 
Shell Lake, 93 

Trinitv Lake. 92 
Shell Lake pooled 

Trinit$/mie Lakes. 93 

Judd Lake, 92 
Judd  Lake, 93 

Trinity/Movie Lakes p l e d  

Judd Lake -led 
susitna River- (Mainatem Drainages) 
Eyers Lake, 93 
Stephan  Lake, 93 
Stephan  Lake, s i t e  1, 1994 
Stephan Lake site 2, 94 

Larson Lake, 93 
Larson Lake, 92 

Birch Creek. 93 

Stephan Lake pooled (not site 1) 

Larson Lake pooled 

Westem Cook Inlet Drkinases 
Red Shirt Lake, 93 

C o a l  Creek  West Fork, 92 
Coal Creek  West Fork, 93 

Chilligan River, 92 
Chilli an River, 94 

McArthur River, 93 
Wolverine  Creek 93 
Crescent River, 92 
Crescent River, 93 

Crescent River p l e d  

Crescent Lake s i t e  2,  94 
Crescent Lake s i te  1, 94 

- 

Coal  Creek West Fork p l e d  

oli?ligan River pooled 

100 1.0000 0.0000 

200  1.0000 0.0000 
100 1.0000  0.0000 

100 1.0000 0.0000 ~~ 

97 1.0000 0.0000 
197 1.0000 0.0000 
49 1.0000 0.0000 
50 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

99 1.0000 0.0000 
100 1.0000 0.0000 
199 1.0000 0.0000 
100 1.0000 0.0000 ~~ ~ 

97 1.0000 0.0000 
197 1.0000 0.0000 

95 1.0000 0.0000 
99 1.0000 0.0000 
25 1.0000 0.0000 

~~~~ 

124 1.0000 0.0000 
25 1.0000 0.0000 

100 1.0000 0.0000 
96 1.0000 0.0000 ~~~~ 

196 1.0000 0.0000 
~~~~ 

63 1.0000 0.0000 
33 1.0000 0.0000 

100 1.0000 0.0000 ~~~~~ 

i 00  l .0000 o.oooo 
200 1.0000 0.0000 
100 1.0000 0.0000 
50 0.9600 0.0400 

150 0.9867 0.0133 
97 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 

100 
100 
200 
100 
100 
200 

49 
50 

100 
99 

100 
200 

100 
100 

200 
100 

0.9450 
0.9300 
0.9375 
0.8850 
0.9100 
0.8975 
1.0000 
0.9796 
0.9899 
1.0000 
1.0000 
1.0000 
0.9050 
0.9600 
0.9325 
0.8950 

0.0550 
0.0700 
0.0625 
0.1150 
0.0900 
0.1025 
0.0000 
0.0204 
0.0101 
0.0000 
0.0000 
0 .oooo 
0.0950 
0.0400 
0.0675 
0.1000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0050 

200 0.8925 0.1050 0.0025 
100 0.8900 0.1100 0.0000 

100 0.9600 0.0400 0.0000 
100 0.9000 0.1000 0.0000 
~ 2 5  0.9000 0.1000 0.0000 

125 0.9160 0.0840 0.0000 
25 0.9800 0.0200 0.0000 

~~~ ~~~~ ~ 

100  0.9450  0.0550  0.0000 

199  0.9497  0.0503 0.0000 
99 0.9545  0.0455 0.0000 

67 0.9925  0.0075 0.0000 
34 1.0000 0.0000 0.0000 

100 0.9900 0.0100 0.0000 ~~ ~ ~~~~ ~ 

100 0.9650 0.0350 0.0000 
200 0.9775 0.0225 0.0000 
100 
50 

150 
100 
100 
loo  
100 

0.9600 
0,9900 
0.9700 
0.8600 
0.9800 
0.9400 
0.8950 

0.0400 
0.0100 
0.0300 
0.1400 
0.0200 
0.0600 
0.1050 

0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 

200 0.9175 0.0825 0.0000 
50 0.8900 0.1100 0.0000 
50 0.9900  0.0100 0.0000 
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pppendix A. Continued. 

LDH-A2* LDH-B2* 
Papulation N 100 150 N 100 110 85 

Western Cook Inlet  Drainages  Continued 
Packers Lake, 92 
Packers  Lake, 93 

Packers Lake p l e d  
-siloL River Drainage 
Bear  Creek, 92 
Bear  Creek. 93 

W s e  Creek, Tust-, 93 

Glacier  Flat Creek, 92 
Glacier Flat Creek, 93 
Glacier  Flat CYeek, 94 

Moose Creek,  Wstumena p l e d  

Tustumena  Lake s i t e  1, 94 
Tustmena Lake s i te  2, 94 

Seepage Creek. 94 
Northeastern Cook Inlet Drainages 

Tustumena Lake p l e d  

Bishap Danie s Lake, 92 
Creek, 93 

Daniels Lake, 93 

Knik k m  (Little W i t n a  River Drainages) 
Nancy Lake, 93 
Cottonwood Creek, 93 
Fish Creek, 92 
Fish  Creek, 93 

Daniels Lake p l e d  

Fish Creek, 94 
Fish Creek 93/94 p l e d  

99 1.0000 0.0000 
82 1.0000 0.0000 

1 8 1  1.0000 0.0000 

i o0  1.oooo O.OOOO 
,., 

100 1.0000 0.0000 
99 1.0000 0.0000 
98 1.0000 0.0000 

197 1.0000 0 .0000  

100 
99 

100 
97 

100 
197 

1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

99 1.0000 0.0000 0.0000 
65 1.0000 0.0000 0.0000 

.~~~ 

182 1.0000 0.0000 0.0000 

100 
100 
200 
100 
100 
200 
100 
100 
100 
300 
100 
100 
200 

50 

100 
50 

100 

0.8800 
0.8600 
0.8700 
0.8600 
0.8800 
0.8700 
0.8800 
0.8600 
0.8800 
0.8733 
0.9000 
0.8650 
0.8825 
0.8500 
0.9600 
0.9050 
0.8750 

0.1200 
0.1400 
0.1300 
0.1400 
0.1200 
0.1300 
0.1200 
0.1400 
0.1200 
0.1267 
0.1000 
0.1350 
0.1175 
0.1500 
0.0400 
0.0950 
0.1250 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .oooo 
0.0000 

100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 

100 0.9500 0.0500 0,0000 
100 0.6500 0.3500 0.0000 
I n n  0 ~ 9 4 0 0  0.0600 0.oo00 _ _ _  ___... 
100 0.8400 0.1600 0.0000 
100 0.8700 0.1300 0.0000 -.. . . ~  ~~ 

200  0.8550  0.1450 0.0000 
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Appendix A. Continued. 

sMDH-AI, 2* SMDH-Bl, 2* 
Population N 100 64 147 N 100 65  120 116 

K e M i  River Drainage 
Russian  River, We/early, 92 
Russian  River,  above/late, 92 
Russian  River,  above/late, 93 

msian River, below, 93 
Ptaqnigan  Creek, 92 
Ptamgan Creek, 93 

Tern  Lake, 93 
Tern  Lake, 92 

Quartz Creek, 92 
Quartz Creek, 93 

Btwn  Kenai/Skil  Lakes, 92 
R t w n  Kenai/Skilak  Lakes,  early, 93 

Russian River, absve/late  pooled 

Ptarmigan  Creek p l e d  

Tern  Lake p l e d  

Quartz Creek 
p l e d  

Btwn  KenaiISkilak  Lakes;  late;. 93 
Btwn Ken/Ski Lakes  site 6 pooled 

Btwn  Kenai/Skilak  Lakes site i, early, 94 
Btwn  Kenai/Skilak  Lakes site 1, late, 94 

R+wn Kenai/Skilak  Lakes slte 2 .  earlv. 94 
Btwn  Ken/Ski  Lakes  site 1 pooled 

, ~ ~~~ 

Btwn  Kenai/Skilak  Lakes  site 2; late; 94 

Btwn Kenai/Skilak  Lakes  site 3. earlv. 94 
Btwn  Ken/Ski  Lakes  site 2 pooled 
~~ 

Btwn GiISkilak Lakes  site 3; late; 94 
Btwn  -/Ski  Lakes  site 3 pooled 

Btwn  Kenai/Skilak  Lakes  site 4, late, 94 

Hidden Creek. 92 
Btwn  Kenai/Skilak  Lakes  site 5, late, 94 

Hidden  Cre' 
Hidden L 

Skilak L a k e  
Skilak Lakc 
~kilak Lake  Outlet;  early, 94 
Skilak  Lake  Outlet,  late, 94 

Skilak  Lake  Outlet  pooled 
Moose  Creek, Kenai, 93 
Moose  Creek, Kenai, 94 

Moose  Creek,  Kenai p l e d  

100 
100 
100 
200 
100 
100 

198 
98 

100 
50 

150 
100 
100 
200 
100 

100 
99 

299 
50 
50 

100 
50  

100 
50 

100 
50 

150 
50 

100 
100 
100 
200 
100 

100 
100 

200 
200 
700 
100 
100 
200 

1.0000 
1.0000 
1.0000 
1.0000 
0.9900 
0.9950 
0.9898 
0.9924 
1.0000 
1.0000 
1.0000 
0.9750 
0.9850 
0,9800 
0.9850 
0.9874 
0.9975 
0.9900 
1.0000 
0.9950 
0.9975 
0.9950 
0.9900 
0.9925 
0.9850 

0.9850 
0.9850 

0,9800 
0.9950 
1.0000 
1.0000 
1.0000 
0.9975 
1.0000 
0.9875 
0.9850 
0.9938 
0.9918 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0025 
0.0000 
0.0000 
0.0000 
0.0000 
0 IO000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0025 
0.0000 

0.0008 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0050 
0.0025 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0 .0000 
0 .oooo 
0.0000 
0 .0000  
0.0000 
0 .0000  
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0075 
0.0050 
0.0102 
0.0076 
0.0000 
0 .oooo 
0.0000 
0.0250 
0.0150 
0.0200 
0.0125 
0.0126 
0.0025 
0.0092 
0 .oooo 
0.0050 
0.0025 

0.0050 
0.0050 

0.0050 
0.0150 

0.0150 
0.0150 

0.0200 
0.0050 
0.0000 
0 .oooo 
0.0000 
0.0025 

0.0125 
0 .oooo 
0.0150 
0.0062 
0.0082 
0.0000 
0.0000 
0.0000 

100 
100 
100 
200 

100 
99 

198 
98 

100 
50 

150 
100 

199 
99 

100 

100 
97 

297 
50 
50 

100 
50 

100 
50 

100 
50 

150 
50 

100 
100 
100 
200 
100 

100 
100 

200 
193 
693 

100 
99 

199 

1.0000 
0.9975 
0.9975 
0.9975 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
0.9925 

0.0000 
0.0025 
0.0025 
0.0025 
0 .oooo 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 

1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 

1.0000 0.0000 
1.0000 0.0000 

1.0000 0 .0000  
1.0000 0.0000 

1.0000 0.0000 
0 .oooo 
0.0000 
0.0000 

0.0000 
0.0050 

1 .oooo 0.0000 

0.9975 
1.0000 

~ ~~~ 

0.9988 
1.0000 
0.9982 
1.0000 
1.0000 
1: 0000 0 .0000  

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 

0.0025 0.0000 
0.0025 

0.0000 0.0000 
0.0012 0.0000 
0.0000 0.0000 
0.0014 0.0004 

0.0000 0.0000 
0.0000 0 .0000 

0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 ,0000  

0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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pppendix A.  Continued. 

Population N 100 64  147 N 100 65  120  116 
sMDH-AI, 2* sMDY-El, 2* 

Susitna River (Yentna Drainages) 
Chelatna  Lake, 92 
Chelatna  Lake, 93 

Chelatna  Lake p l e d  
Yentna  River  West  Fork, 92 
Yentna  River  West  Fork, 93 

Hewitt  Lake, 92 
Yentna  River  West  Fork  pooled 

Hewitt/Whiskey  Lakes, 93 
Hewitt/Whiskey  Lakes p l e d  

Shell  Lake, 92 
Shell  Lake, 93 

Trinity -&e, 92 
Shell  Lake p l e d  

Trinity/Movie Lakes, 93 Trinity/Movze  Lakes p l e d  
Judd  Lake, 92 
Judd  Lake, 93 

Judd  Lake p l e d  
Susitna River (Mainstem Drainages) 
Byers Lake, 93 
Stephan  Lake, 93 
Stephan  Lake,  site 1, 1994 
Stephan  Lake  site 2, 94 

Larson  Lake, 92 
Iarson  Lake, 93 

Birch  Creek. 93 

Stephan  Lake p l e d  (not  site 1) 

Iarson  Lake p l e d  

Red  Shirt  &e, 93 
Western Cook Inlet Drainages 
Coal  Creek  West  Fork, 92 
Coal  Creek  West  Fork, 93 

Coal Creek  West  Fork  =led 
Chilligan River, 92 
chilli an River, 94 

McArthur  River, 93 
Wolverine  Creek 93 
Crescent  River, 92 
Crescent  River, 93 

Crescent  Lake  site 1, 94 
Crescent  River p l e d  

Crescent  Lake  site 2, 94 

- 
Chi?ligan  River p l e d  

100 
100 
200 
100 
100 
200 

50 

100 
50 

100 
100 
200 
100 

200 
100 

100 
100 
200 

100 
100 

25 
25 

125 
100 
100 
200 

67 
34 

100 
100 
200 
100 

150 
50 

100 
100 
100 
100 
200 

50 
50 

1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1 .oooo 
1 .oooo 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 

0.0000 
0 .0000  
0 .0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000 
0 .0000 
0 .0000 
0 .oooo 
0.0000 
0 .0000 
0 .oooo 
0.0000 

0 .0000 
0 .0000 

0 .0000  

0.0000 
0.0000 
0 .0000 

0.0000 
0 .0000  

0.0000 
0 .0000 
0.0000 
0 .0000 
0 .0000 

0.0000 
0 .0000  
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0 .0000 
0 .0000  
0.0000 
0 .0000  

0.0000 

0.0000 
0 .0000  

0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0 .0000  
0 .oooo 
0.0000 
0.0000 
0 .0000  
0 .0000  

0.0000 
0.0000 
0 .0000  

0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  

0.0000 
0.0000 
0 .0000  
0 .0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

100 1.0000 0 .0000  0.0000 0.0000 

200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0 .0000  0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

97 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000  0.0000 

50  1.0000 0.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 

197 1.0000 0 , 0 0 0 0  0.0000 0.0000 _ _  ~~~~ 

100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 

100 
96 
25 
25 

1 2 1  
100 
100 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1. 0000 

0.0000 
0.0000 
0.0000 

0.0000 
0 .0000  

0.0000 
0.0000 

0 .oooo 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 

200 1.0000 0.0000 0.0000 0.0000 
~~~ 

67 1.0000 0.0000 0.0000 0.0000 
34 1.0000 0.0000 0.0000 0.0000 

100 0.9600 0.0400 0.0000 0.0000 

200  0.9525 0.0475 0.0000 0.0000 
100 0.9450 0.0550 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 

150 1.0000 0.0000  0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

200 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 

50 1.0000 0.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 
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Appendix A. Continued. 

Population N 64  147 N 100 65  120 116 100 
sLmH-A2,2* sMDH-Bl, 2* 

Packers Lake. 92 100 1.0000 ~~ 

Packers  Lake; 93 
Packers Lake  -led 183 1.0000 

83 1.0000 

Kasilof River  Drainage 
Bear  Creek, 92 
Bear  Creek, 93 

100 
100 

B e a r  C r e e k  pooled 
Moose Creek, Tustumena, 92 

200 

Moose Creek, Tustumena, 93 
100 
100 

Glacier  Flat Creek, 92 
Moose Creek,  Tustumena  pooled 200 

Glacier F l a t  Creek, 93 
100 

Glacier  Flat Creek, 94 
100 
100 

Glacier Flat Creek p l e d  300 
Nikolai Creek, 9 2  
Nikolai Creek, 93  

100 

Nikolai Creek p l e d  
100 

Tustumena Lake s i t e  1, 94 
200 

Tustumena Lake s i t e  2,  94 
50 
50 

Tustumena Lake p l e d  
Seepage  Creek, 94 

100 
100 

Northeastern Cook  Inlet Drainages 
Bisho  Creek, 93 
Mie% Lake, 92 

100 

Daniels Lake, 93 
100 

Daniels Lake p l e d  200 
100 

Nancv Lake. 93 
Knik Arm (Little Susitna River  Drainages) 

100 ~~ 

Cottbnwood' &eek, 93 
Fish Creek, 92 
Fish Creek; 93 
Fish Creek, 94 

Fish Creek 93/94 pooled 

1.0000 
0.9975 
0.9988 
0.9975 
0.9975 
0.9975 
1.0000 
0.9950 
1.0000 

0.9925 
0.9983 

0.9950 
0.9938 
1.0000 
1.0000 
1.0000 
0.9975 

1.0000 
1.0000 
1.0000 
1 . 0 0 0 0  

1 .0000 
100 1.0000 
100 0.9825 

100 1.0000 
100 1.0000 

200 1.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0 .0000  
0.0000 
0 .0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000 

0.0000 
0 .0000  

0.0000 
0 .0000 
0 .0000  

0.0000 

0.0000 
0.0000 

0 .0000  

0.0000 
0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0025 

0.0025 
0.0012 

0.0025 
0.0025 
0.0000 
0.0050 
0.0000 
0.0017 
0.0075 
0.0050 

0.0000 
0.0062 

0.0000 
0.0000 
0.0025 

0 .0000  
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0175 

0.0000 
0 .0000 

0.0000 

100 0.3800 0.0000 0.0000 0.0200 
83 0.9789 0.0060 0.0000 0.0151 

183 0.9795 0.0027 0.0000 0.0178 

100 1.0000 0.0000 0.0000 0.0000 

199 1.0000 0.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0 .0000 
100 1.0000 0 .0000  0.0000 0.0000 
200 
100 
100 
100 

100 
300 

100 

~~ ~ 

1: 0000 
0.9975 
1.0000 
0.9975 
0.9983 
1.0000 
1.0000 

0.0000 
0.0025 
0.0000 
0.0025 
0.0017 
0 .oooo 
0.0000 

0.0000 

0.0000 
0.0000 

0 .oooo 
0.0000 
0.0000 
0.0000 

ZOO 1.0000 0.0000 0.0000 0.0000 
50 1.oaoo o.oooo o.oooo o.oooo 

100 1.0000 0.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 

100 1.0000 0 .0000  0.0000 0.0000 

100 1.0000 0.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 0.0000 

l oo  1.0000 0 .0000   0 .0000  0 .0000 

100 1.0000 0.0000  0 .0000 0.0000 
- 9 8  i.oooo o.oo00 0.00oo o.oooo 
100 1.0000 0.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 0.0000 
199 1.0000 0.0000 0.0000 0.0000 
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pppendix A. Continued. 

buulation N 100 58 N 100 105 
nMEP-l* 

80 
Mpr* 

Kenai River Drainage 
Russian River,  above/early, 92 
Russian River,  above/late, 92 
Russian River, &ove/late, 93 

Russian River, below, 93 
ptarmigan Creek, 92 
Ptarmigan  Creek, 93 

Tern  Lake, 92 
Tern  Lake, 93 

Quartz Creek, 92 
Ouartz Creek, 93 

Russian River,  above/late pooled 

Ptarmigan  Creek  pooled 

Tern Lake pooled 

Mmse Creek,  Kenai, 93 
Skilak Lake a t l e t  pooled 

Moose Creek,  Kenai, 94 
Moose Creek, K e n a i  p l e d  

92 
99 
99 

198 
99 

100 
98 

198 

100 
50 

150 
99 
99 

198 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

86 
97 

100 
283 

50 
50 

100 
50 

100 
50 

100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

50 1.0000 
150 1.0000 

50 1.0000 

100 1.0000 
100 1.0000 

100 1.0000 
200 1.0000 

100 1.0000 
46 1.0000 

100 1.0000 
200 
195 
641 
99 

100 
199 

0,9975 
1.0000 
0.9992 
1.0000 
1.0000 
1.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0 .0000  
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0 .0000 
0.0000 

0,0000 
0.0000 

0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0025 
0.0000 
0.0008 
0.0000 
0.0000 
0.0000 

100 
100 
100 
200 
100 
100 

198 
98 

100 
50 

150 
100 

199 
99 

100 

99 
97 

296 
50 

100 
50 

50 

100 
50 

100 
50 

150 
50 

100 
100 
100 
200 
100 
100 
100 
199 
188 
687 
100 
100 
200 

1.0000 
1.0000 
1.0000 
1.0000 
0 I9950 
1.0000 
0.9949 
0.9975 
1.0000 
1.0000 
1.0000 
0.9900 
1.0000 
0.9950 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0,9800 
0.9900 
0.9700 
1.0000 
0.9850 
1.0000 

0.9967 
0.9900 

1.0000 
1.0000 
1.0000 
1.0000 

0.9950 
1.0000 

1.0000 
1.0000 
0.9925 
0.9973 
0.9964 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0051 
0.0025 
0.0000 
0.0000 
0.0000 
0.0100 
0.0000 
0.0050 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0200 
0.0100 
0.0300 
0.0000 
0.0150 
0.0000 

0.0033 
0.0100 

0.0000 
0.0000 
0.0000 
0 .0000 

0.0050 
0.0000 

0.0000 
0 .0000 
0.0075 
0.0027 
0.0036 
0.0000 
0.0000 
0.0000 
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Appendix A. Continued. 

mulat ion N 100 58 N 100 105 
mwP-l* 

80 
MPI* 

Western Cook Inlet Drai 

Mmse Creek, Ttstumena, 
Moose Creek, Tustumem. 

nages 

92 
93 

98 
8 1  

179 

100 
100 
200 
100 

99 
Moose Creek, Tustum&na p l e d  

Glacier Flat Creek, 92 
Glacier Flat Creek, 93 
Glacier Flat Creek, 94 

199 
100 
100 
100 

Glacier  Flat Creek woled 300 
Nikolai Creek, 92 
Nikolai Creek. 93 

Tustumena Lake s i t e  1, 94 
Nikolai Creek pooled 

Tustumena Lake s i t e  2 ,  94 

SeeDacre Creek. 94 
Tustumena Lake pooled 

North6astex-n &ok Inlet Drainages 
Bishop Creek, 93 

100 
98 

198 
50 

100 
50 

100 

100 
Daniels Lake. 9 2  100 
Daniels Lake; 93 100 

Knik Arm ( L i t t l e  Susitna  River  Drainages) 
200 

Nancy Lake, 93  99 
Cottonwood Creek, 93 100 

Fish Creek, 93 
Fish Creek, 92 

Fish Creek, 94 

Daniels Lake pooled 

Fish Creek 93/94 p l e d  

100 
98 

194 
94 

0.9490 
0.9568 
0.9525 

0.9950 
1.0000 
0.9975 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 

0.0510 

0.0475 
0.0432 

0.0050 
0.0000 

0.0000 
0.0025 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 . 0 0 0 0  
0.0000 
0.0000 

0.0000 
0 .0000 
0 .oooo 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 

99 1.0000 0.0000 
83 I .oooo 0.0000 
182 1.0000 0.0000 

~~~~~ 

100 1.0000 0.0000 
100 1.0000 0.0000 
zoo 1.0000 0.0000 
100 1,0000 0.0000 

199 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

298 1.0000 0.0000 
98 1.0000 0.0000 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

50  1.0000 0.0000 
50  1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
zoo 1.0000 0.0000 

100 1.0000 0.0000 
98 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 iioooo o.oooo 
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Appdix A. Continued 

Pouulation N 100 92 N 100 130  163 
PEPA* 
106 

PEPB - 1 * 

m i  River Drainage 
Russian River,  ahve/early, 92 
Russian  River,  ahve/late, 92 
Russian River,  abare/late, 93 

Russian  River, below, 93 
Ptarmigan  Creek, 92 
Ptannigan Creek, 93 

Tern  Lake, 92 
Tern  Lake, 93 

Cuartz Creek, 92 

Russian  River,  ahvellate p l e d  

Ptarmigan Creek p l e d  

Tern  Lake  pooled 

b r t z  Creek; 93 
W r t z  Creek 

Btwn  Kenai/Skil 
Btwn  Kenai/Skilak  Lakes, early, 93 
Btwn  Kenai/Skilak  Lakes, late, 93 

100 
100 
100 
200 
100 
100 

198 
98 

100 
50 

150 
100 

200 
100 

100 
97 
100 

~~ ~~ 

Btwn  Kenai/Skilak  Lakes  site 1, early, 94  50 
Btwn  &/Ski  Lakes  site 6 pooled 297 

Btwn  Kenai/Skilak  Lakes  site 1, late, 94  50 
Btwn  Ken/Ski  Lakes  site 1 pled 100 

Btwn  Kenai/Skilak  Lakes  site 2, early, 94  50 
Btwn  Kenai/Skilak  Lakes  site 2, late, 94  50 

Btwn  Ken/Ski  Lakes  site 2 p l e d  
Btwn  Kenai/Skilak  Lakes  site 3, early, 94  100 

100 

Btwn  Kenai/Skilak  Lakes  site 3, late, 94  50 

Btwn  Kenai/Skilak  Lakes  site 4, late, 94  50 
Btwn  Ken/Ski  Lakes  site 3 p l e d  150 

Btwn  Kenai/Skilak  Lakes  site 5, late, 94 100 ~~ 

Hidden  Creek. 92 
Hidden  Creek; 93 

Hidden  Creek p l e d  
Skilak  Lake  Outlet, 92 
Skilak  Lake  Outlet,  early, 93 
Skilak  Lake  Outlet.  late. 93 
Skilak Lake  Outlet;  early, 94 
Skilak Lake  Outlet,  late, 94 

Moose  Creek,  Kenai, 93 
Skilak  Lake  Outlet p l e d  

Moose  Creek,  Kenai, 94 
Moose  Creek, Kenai p l e d  

100 
100 
200 

100 
100 

100 
200 
200 
700 
100 

200 
100 

1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
0.9898 
0.9949 
1.0000 
0.9950 
0.9967 
0.9750 
0.9900 
0.9825 
0.9900 
0.9794 
0.9900 
0.9865 
0.9900 
0.9900 
0.9900 
0.9900 
1.0000 
0.9950 
0.9600 
0.9800 
0.9667 
0.9800 
0.9950 
1.0000 
1.0000 
1.0000 
0.9850 
0.9900 
0.9950 
0.9750 
0.9900 
0.9857 
1.0000 1: 0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0102 
0.0051 
0.0000 
0.0050 
0.0033 
0.0100 
0.0000 
0.0050 
0.0000 
0.0052 
0.0000 
0.0017 
0.0000 
0.0000 
0.0000 
0.0100 
0.0000 
0.0050 
0.0150 
0.0000 
0.0100 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0025 
0.0000 
0.0007 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0150 
0.0100 
0.0125 
0.0100 
0.0155 
0.0100 
0.0118 
0.0100 
0.0100 
0.0100 
0.0000 
0.0000 
0.0000 
0.0250 
0.0200 
0.0233 
0.0200 
0.0050 
0.0000 
0.0000 
0.0000 
0.0150 
0.0100 
0.0050 
0.0225 
0.0100 
0.0136 
0.0000 
0.0000 
0.0000 

100 
100 
100 
200 
100 
100 

98 
198 

50 

14  9 
99 

100 
95 

195 
98 

100 
97 

295 
50 

100 
50 

49 
50 

100 
99 

150 
50 

49 
100 
100 

199 
99 

100 
99 

100 
198 
200 
697 
100 

194 
94 

1.0000 
1.0000 
1.0000 
1.0000 
0.9950 
0,9800 
0,9898 
0.9848 
0.9400 
0.9646 
0.9564 
0.9850 
0.9842 
0.9846 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1. oooo 
1.0000 
1.0000 
1.0000 
1.0000 
0.9950 
1.0000 
0.9974 

0.0000 
0.0000 
0.0000 
0.0000 
0.0050 
0.0200 
0.0102 
0.0152 
0.0600 
0.0354 
0.0436 
0.0150 
0.0158 
0.0154 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .0000 
0.0000 
0 .0000 
0.0000 

0 : 0000 
0.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000  0 .0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0026 
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Appendix  A.  Continued 

PEPd * PEPB - 1 
Population N 100 106 92 N 100 130  163 

Susitna River  (Yentna Drainages) 
Chelatna  Lake, 92 
Chelatna  Lake, 93 

Chelatna  Lake  pooled 
Yentna  River  West  Fork, 92 
Yentna  River  West  Fork, 93 

Yentna  River  West  Fork  uooled 
Hewitt  Lake, 92 
Hewitt/Whiskey  Lakes, 93 

Shell  Lake, 92 
Hewitt/Whiskey  Lakes  pooled 

Shell  Lake, 93 
Shell  Lake pooled 

Trinity  Lake, 92 
Trinity/Movie Lakes, 93 

Judd  Lake, 92 
Judd  Lake, 93 

Susitna River (Mainstem Drainages) 
Byers  Lake, 93 
Stephan  Lake, 93 
Stephan  Lake,  site 1, 1994 
Stephan  Lake  site 2, 94 

Larson  Lake, 92 
Larson  Lake, 93 

Birch  Creek, 93 

Western Cook Inlet Drainages 
Red  Shirt  Lake, 93 

Coal  Creek  West  Fork, 92 
Coal  Creek  West  Fork, 93 

Chilligan  River, 92 
Chilligan  River, 94 

McArthur  River, 93 
Wolverine  Creek 93 
Crescent  River, 92 
Crescent  River, 93 

Crescent  Lake  site 1, 94 
Crescent  River pooled 

Crescent  Lake  site 2,  94 

Trinity/Movie  Lakes  pooled 

Judd  Lake  pooled 

Stephan  Lake  pooled  (not  site 1) 

Larson  Lake  pooled 

Coal  Creek  West  Fork  pooled 

Chilligan  River  pooled 

100 
97 

197 
100 
100 
200 

5 0  
50 

100 
100 
100 
200 
1 0 0  

99 
199 
100 
100 
200 

1 . 0 0 0 0  
1 .0000 
1.0000 
1.0000 
1 . 0 0 0 0  
1 .oooo 
1 .oooo 
1.0000 
1 . 0 0 0 0  
1 .0000 
1 .0000  
1 .oooo 
1.0000 
1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

0 . o o o o  
0.0000 
0.0000 
0 .0000  
0 . o o o o  
0.0000 
0.0000 
0 . 0 0 0 0  
0 .0000  
0 .oooo 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000  
0 .oooo 
0 .oooo 

0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .oooo  
0 .oooo  
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo  
0 .oooo  
0 .oooo  
0 .0000  
0.0000 
0 .0000  

100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
25 1.0000 0.0000 0 .0000  

125 1 . 0 0 0 0  0 . 0 0 0 0  0 .0000  
100 1.0000 0 . 0 0 0 0  0 . 0 0 0 0  
100 1.0000 0 .0000  0 .0000  
200 1 . 0 0 0 0  0 .0000  0.0000 

25  1.0000 0.0000 0 . 0 0 0 0  

67 1 .0000 0.0000 0 .0000  
34 1 . 0 0 0 0  0.0000 0.0000 

100 1.0000 0 .0000 0.0000 

200 1 . 0 0 0 0  0 .0000  0 .0000  
100 1.0000 0 . 0 0 0 0  0 . 0 0 0 0  

100 1.0000 0 .0000  0.0000 

150 1,0000 0.0000 0 .0000  
50 1 , 0 0 0 0  0.0000 0.0000 

100 1 .0000  0.0000 0 .0000  
100 0.9950 0 .0050 0.0000 
100 1.0000 0 . 0 0 0 0  0.0000 

200 1.0000 0 .0000  0 . 0 0 0 0  
100 1.0000 0 .0000  0 . 0 0 0 0  

50 1.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0 .0000 
100 1 . 0 0 0 0  0 .0000 0 .0000 
200 1.0000 0.0000 0.0000 
100 1.0000 0 .0000  0.0000 

97 1 . 0 0 0 0  0.0000 0 .0000 
197 1.0000 0 .0000 0.0000 

5 0  1.0000 0.0000 0.0000 

100 1.0000 0 .0000  0.0000 
50 1.0000 0 .0000  0.0000 

100 1 . 0 0 0 0  0.0000 0.0000 ~~~~ 

100  1.0000 0.0000 0 . 0 0 0 0  
200 1.0000 0 .0000 0 .0000 
1 0 0  0.8600 0.1400 0.0000 
100 0.8350 0.1650 0.0000 
200 0.8475 0.1525 0.0000 
100 1.0000 0.0000 0.0000 
100 1 . 0 0 0 0  0 .0000  0.0000 
200 1 . 0 0 0 0  0.0000 0.0000 

99 1.0000 0.0000 0 . 0 0 0 0  
1 0 0  1.0000 0.0000 0 .0000 
25  1.0000 0 .0000 0.0000 

~~ ~~~~~~~ ~ ~ 

123 1.0000 0.0000 0.0000 
23 1 .0000  0 . 0 0 0 0  0.0000 

100 1.0000 0 .0000  0.0000 

196 1 .0000 0 .0000  0.0000 
96 1.0000 0 ,0000  0.0000 

67 1 . 0 0 0 0  0 .0000  0.0000 
34 1.0000 0.0000 0 . 0 0 0 0  

100 1.0000 0.0000 0.0000 
99 1.0000 0 .0000 0 .0000 

199 1.0000 0.0000 0.0000 
99 1.0000 0 .0000  0.0000 

149 1 . 0 0 0 0  0 .0000  0 .0000  
5 0  1 . 0 0 0 0  0 . 0 0 0 0  0.0000 

100 1 . 0 0 0 0  0 .0000  0.0000 

100 
99 

100 
200 

5 0  
47 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 .0000  
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  

0 .0000 
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 
0.0000 
0.0000 
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Appendix A. Continued. 

Population N 100 N 100 113 94 105 

KaMi River Drainage 
Russian  River,  above/early, 92 100 1.0000 0.0000 
Russian  River,  abwe/late, 92 100 1.0000 0.0000 100 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 

Russian  River,  abare/late, 93 100 1.0000 0.0000 100 1.0000 0.0000 0.0000 

Russian  River,  below, 93 
Russian  River,  abare/late  pooled 200 1.0000 0.0000 200 1.0000 0.0000 0.0000 

100 1.0000 0.0000 
Ptarmigan  Creek, 92 100 0.9950 0.0050 100 0.9850  0.0150 0 ,0000  

99  0.9747  0.0253 0.0000 

Ptarmigan  Creek, 93 98 1.0000  0.0000 98 0.9847  0.0153 0.0000 
198  0.9975  0.0025  198  0.9848  0.0152 0.0000 

Tern  Lake, 92 
Tern  Lake, 93 

50  0.9900 0.0100 48 1.0000 0.0000 0.0000 
99 1.0000 0.0000 99 1.0000 0.0000 0.0000 

Quartz Creek, 92 
147 1.0000 0.0000 0.0000 

Quartz Creek, 93 
100 0.9950  0.0050 100 1.0000 0,0000 0.0000 
100 1.0000 0.0000 99 1.0000 0.0000 0.0000 

Btwn  Kenai/Skil F l e d  Lakes, 92 
200  0.9975  0.0025  199  1.0000 0.0000 0.0000 

Btwn  Kenai/Skilak  Lakes,  early, 93 
100 0.9950  0.0050 100 1.0000 0.0000 0.0000 

Btwn  Kenai/Skilak  Lakes,  late, 93 
97  1.0000 0.0000 96 1.0000 0.0000 0.0000 

Btwn Ken/Ski Lakes  site 6 p l e d  
98 1.0000 0.0000 100 0.9950  0.0050 0.0000 

Btwn  Kenai/Skilak  Lakes  site 1, early, 94  50  0.9900 0,0100 
295  0.9983 0.0017 296  0.9983  0.0017 0.0000 

Btwn  Kenai/Skilak  Lakes  site 1, late, 94 50 0.9900 0.0100 
50 1.0000 0.0000 0.0000 

Btwn  Ken/Ski  Lakes  site 1 p l e d  
50  0.9700  0.0300 0.0000 

Btwn  Kenai/Skilak  Lakes  site 2, early, 94  50  0.9900 0.0100 
100 0.9900 0.0100 100 0.9850  0.0150 0.0000 

Btwn  Kenai/Skilak  Lakes  site 2, late, 94  50 1.0000 0 .OOOO 
50  0.9800  0.0200 0.0000 

Btwn Ken/Ski Lakes  site 2 pooled 100 0.9950  0.0050  100  0.9800  0.0200 0.0000 
50  0.9800  0.0200 0.0000 

Btwn  Kenai/Skilak  Lakes  site 3, early, 94 100 0.9900 0.0100 
Btwn  Kenai/Skilak  Lakes  site 3, late, 94 50 0.9900 0.0100 

100  0.9900 0.0100 0.0000 

Btwn Ken/Ski Lakes  site 3 p l e d  
50 0 9900  0.0100 0.0000 

Btwn  Kenai/Skilak  Lakes  site 4, late, 94  50  1.0000 0.0000 
150  0.9900 0.0100 150  0.9900 0.0100 0.0000 

Btwn  Kenai/Skilak  Lakes  site 5, late, 94  100 1.0000 0.0000 100 0.9800  0.0200 0.0000 
50  0.9700  0.0300 0.0000 

Hidden Creek, 92 
Hidden Creek, 93 

100 1.0000 0.0000 100 1.0000 0.0000 0.0000 

Hidden Creek  pooled 200 1.0000 0.0000 199 1.0000 0.0000 0.0000 
100 1.0000 0.0000 99 1.0000 0.0000 0.0000 

Skilak  Lake  Outlet, 92  99 1.0000 0.0000 100 0.9900  0.0100 0.0000 
Skilak  Lake  Outlet, early, 93 
Skilak Lake  Outlet,  late, 93 

100  0.9850  0.0150 100 1.0000 0.0000 0 ,0000  

Skilak Lake  Outlet,  early, 94 
99  0.9899  0.0101 

200  0.9975  0.0025  200  0.9950  0.0050 0.0000 
99 1.0000 0.0000 0.0000 

Skilak  Lake  Outlet,  late, 94  196 1.0000 0.0000 196  0.9949  0.0051 0,0000 
Skilak  Lake  Outlet  pooled 694  0.9957  0.0043  695  0.9957  0.0043 0.0000 

Moose  Creek,  Kenai, 93 
Moose  Creek,  Kenai, 94 100 1.0000 0.0000 100 1.0000 0.0000 0.0000 

98 0.9847  0.0153 99 1.0000 0.0000 0 .0000  

Moose  Creek,  Kenai p l e d  198  0.9924  0.0076  199 1.0000 0.0000 0.0000 

PEFC* PEPD-I* 

Ptarmigan  Creek p l e d  

Tern Lake p l e d  149  0.9966  0.0034 

Quar tz  Creek 
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?!ppndix A. Continued. 

Population N 100 105 N 100  113  94 
P E E *  PEPD- 1 * 

Chelatna  Lake, 92 
Suaitna River (Yentna Drainages) 

Chelatna  Lake, 93 
Olelatna.  Lake p l e d  

Yen-  fiver  West  Fork, 92 
Yentna  fiver  West  Fork, 93 

Yentna  River  West  Fork  =led ~~~~~ 

Hewitt Lake: 92 
Hewitt/Whiskev  Lakes. 93 

~~ 

Shell  Lake, 92 
Hew?tt/Whikkey  L$ces p l e d  

Shell  Lake; 93 
Shell  Lake p l e d  

Trinity  Lake, 92 
Trinity/kwie  Lakes, 93 

Trinitv/kwie  Lakes p l e d  
Judd Lake;' 92 
Judd Lake. 93 

Susitna f iver (Mainstem Drainages 
Judd Like p l e d  

Ewers  Lake. 93 
- 

stephan &e, ~ 93 
Stephan  Lake,  site 1, 1994 
Stephan Lake site 2, 94 

Larson Lake. 92 

1 ~~~ 

Stephan  Lake p l e d  (not  site 

Larson  Lake; 93 

Birch  Creek. 93 
Larson  Lake p l e d  

Red S h i r t  ae, 93 
Western Cook Inlet  Drainages 
Coal Creek  West  Fork, 92 
-1 Creek  West  Fork, 93 

Chilli an River, 94 
Chilligan River, 92 

M c A r t h u r  River, 93 
Wolverine  Creek 93 
Crescent  River, 92 
Crescent  River, 93 

Crescent  River p l e d  
Crescent  Lake  site 1, 94 
Crescent  Lake  site 2, 94 

~ ~~ ~~~ 

Coal Creek  West  Fork p l e d  

.&!ligan Ever  pool4 

100 1.0000 0.0000 
99 1.0000 0.0000 

199 1.0@00 0.0000 
99 1.0000 0.0000 

100 0.9900 0.0100 
199 0.9950 0.0050 

100 1.0000 0.0000 0.0000 

200 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 

100  0.9900 0.0100 0.0000 
100 1.0000 0.0000 0.0000 

49  0.8571  0.1429 
200  0.9950 0.0050 0.0000 

50 1.0000 0.0000  0.0000 
50  0.8900  0.1100 
99  0.8737  0.1263 

50 1.0000 0.0000 0.0000 

98  0.6837  0.3163 
100 1.0000 0.0000 0.0000 

88  0.6875  0.3125 
186 0.6855 0.3145 

99 1.0000 0.0000 

197 0.9822 0.0178 
98 0.9643 0.0357 

100 1.0000 0.0000 
99 1.0000 0.0000 

199 1.0000 0.0000 

98  0.9949 0.0051 

25  0.8800 0.1200 
99  0.8333 0.1667 

25 0.8200 0.1800 
124 0.8306 0.1694 
100 0.9950 0.0050 
100 1.0000 0.0000 
200 0.9975 0.0025 

67  0.9701  0.0299 
34 0 .8971  0.1029 

100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

99 1.0000 0.0000 

149  0.9899 0.0101 
50 0.9700  0.0300 

98 0.9541  0.0459 
99 1.0000 0.0000 

100 0.9650 0.0350 
99 0.9545 0.0455 

199 0.9598 0.0402 
50 0.9600 0.0400 
50 0.9000 0.1000 

~~~~ 

i o 0  1.0000 o.oooo o.0000 ~~~~ 

100  1.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0 .0000 
100 1.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 ~~~~~ io0 1.oooo 0.0000 o.0000 
200 1.0000 0.0000 0.0000 

100 
99 

25 
25 

125 
100 
100 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 

0 .0000  
0 .oooo 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

200 1.0000 0.0000 0.0000 

33 1.0000 0.0000 0.0000 
67 1.0000 0.0000 0.0000 

100 0.9950 0.0000 0.0050 
99 

199 
100 

150 
50 

100 
100 
100 
100 
200 

50 
50 

1: 0000 
0.9975 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0 .0000  
0 .oooo 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .oooo 
0.0000 
0.0000 
0 .0000 
0 .oooo 

0.0000 
0.0025 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .oooo 

114 



pppendix A. Continued. 

Population N 100 105 N 100 113  94 
PER?* PEPD- 1 * 

Western Cook Inlet Drainages Continued 
Packers  Lake, 92 
Packers  Lake, 93 

Packers Lake p l e d  
Kasilof River  Drainage 
Bear Creek, 92 
Bear Creek; 93 

Bear Creek pooled 
Moose Creek, Tktumena, 92 
Moose Creek, Tustumena, 93 

Moose Creek. Wtumena -led 
Glacier  Flat C+eek, 92 
Glacier  Flat Creek, 93 
Glacier  Flat Creek, 94 

Nikolai Creek. 92 

- 

Glacier  Flat Creek p l e d  

Nikolai Creek; 93 
Nikolai Creek p l e d  

Wtumena Lake s i te  1, 94 
Tustumena Lake s i t e  2, 94 

"ustumena Lake  -led 
Seepage creek, 94 - 
Northeastern Cook Inlet Drainages 

99 1.0000 0.0000 
82  1.0000 0.0000 
lai 1.0000 O.OOOO 

100 0.9900 0.0100 

200 0.9950 0.0050 
100 1.0000 0.0000 

100 1.0000 0.0000 
98 1.0000 0.0000 
198 i.0000 0.0000 
100 0.9600  0.0400 
100 0.9600 0.0400 

300 0.9700 0.0300 
100 0.9900 0.0100 
_ ~ .  .~~ ~~~~~ 

100 0.9800  0.0200 
100 0.9550 0.0450 
200 0.9675  0.0325 
50  1.0000 0.0000 
49  0.9898  0.0102 

91 0.9890 0.0110 
99  0.9949 0.0051 

BishoD Creek. 93 
Daniels Lake; 92 
Daniels Lake, 93 

Knik Arm ( L i t t l e  Susitna River  Drainages) 
Nancv Lake. 93  99 

'Daniels Lake p l e d  

Cottbnwood.  Creek, 93 
Fish Creek, 92 
Fish Creek: 93 . -~ ~ ~ 

Fish Creek; 94 
Fish Creek 93/94 p l e d  

100 1.0000 0.0000 
99 1.0000 0.0000 
100 1.0000 0.0000 
199 1.0000 0.0000 

97 
100 
100 

199 
99 

0.9697 
0.8866 
0.8950 
0.9400 
0.8687 
0.9045 

0.0303 
0.1134 
0.1050 
0.0600 
0.1313 
0.0955 

100 1.0000 0.0000 0.0000 
83 1.0000 0.0000 0.0000 
183 1.0000 0.0000 0.0000 

100 
100 
200 
100 
100 
200 
100 
100 
100 
300 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.9950 
0.9983 

0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000  

0 .oooo 
0.0050 
0.0017 

0 . 0 0 0 0  
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

100 0.9950 0.0050 0.0000 

200 0.9950 0.0050 0.0000 
100 0.9950 0.0050 0.0000 

50 1.0000 0.0000 0.0000 
50 1.0000 0.0000 0.0000 
100  1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 

199 1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
100 0.9950 0.0000 0.0050 
98 1.0000 0.0000 0.0000 
198 0.9975 0.0000 0.0025 
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Appendix A. Continued. 

PEPLT* FGDH* 
Population N 100 88 114 N 100 90 

Kenai River Drainage 
Russian  River,  abave/early, 92 
Russian River,  abave/late, 92 
Russian  River,  abvellate, 93 

Russian River,  below, 93 
Ptarmigan  Creek, 92 
Ptamgan Creek, 93 

Tern  Lake, 92 

msian River,  above/late p l e d  

Ptarmigan  Creek p l e d  

Tern  Lake; 93 

Quartz Creek, 92 
ouar t z  Creek, 93 

Tern  Lake p l e d  

- 
o ~ a r t z  Creek  -led 

Btwn  Kenai/Skilak  Lakes, 92 
Btwn  Kenai/Skilak  Lakes, early, 93 
Btwn  KenailSkilak  Lakes, late, 93 

Btwn  Kenai/Skilak  Lakes  site 1, early, 
Btwn Iden/Ski Lakes  site 6 p l e d  

Btwn Kenai/Skilak Lakes  site 1, late, 
Btwn Ken/Ski Lakes  site 1 p l e d  

=---- ~ - 

BtG-Kenai/Skilak  Lakes  site 2 ,  early, 
Btwn  Kenai/Skilak  Lakes  site 2, late, 

Btwn Ken/Ski Lakes  site 2 p l e d  
Btwn  Kenai/Skilak  Lakes  site 3, early, 
Btwn Kenai/Skilak  Lakes  site 3, late, 

~~~ 

Rtwn &/Ski Lakes  site 3 -led 
Btwn  Kenai/Skilak  Lakes site a ,  late, 
Btwn Kenai/Skilak Lakes site 5, late, 

.~~~~ 

Hidden  Creek, 92 
Hidden  Creek, 93 

H i d d e n  Creek  -led 
skilak  Lake  Outlkt, 92 
Skilak  Lake  Outlet, early, 93 
Skilak  Lake  Outlet, late, 93 
skilak Lake  Outlet, early, 94 
Skilak Lake  Outlet, late, 94 

Moose  Creek,  Kenai, 93 
Skilak  Lake  Outlet p l e d  

Moose  Creek,  Kenai, 94 
Moose  Creek,  Kenai p l e d  

~- ~ ~ 

94 
94 

94 
94 

94 

94 
94 

94 

100 
100 
100 
200 
100 
l o o  

98 
198 

50 

149 
99 

98 
98 

196 
100 

100 
97 

297 
50 

100 
50 

50 
50 

100 
100 

150 
50 

100 
50 

100 
100 
200 
100 
100 
100 
199 
197 
696 

99 .~ 
95 

194 

1.0000 
i 1 oooo 
1.0000 
1.0000 
0.9850 
0.9750 
0.9949 
0.9848 
1.0000 
0.9646 
0.9765 
0.9796 
0.9643 
0.9719 
0.9750 
0.9845 
0.9450 
0.9680 
0.9500 
0.9700 
0.9600 
0.9700 
0.9900 
0.9800 
0.9800 
1.0000 
0.9867 
0.9900 
0.9800 

0.0100 
0.0050 

0.9150  0.0850 
0.8900 0.1100 
0.9025  0.0975 
0.9950 0.0000 
1.0000 0.0000 
0.9850  0.0100 
0.9925  0.0025 
0.9949  0.0025 
0.9935  0.0029 
0.9949  0.0051 

0.0000 
0.0026 

1.0000 
0.9974 

0 .0000  
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0051 
0.0025 
0.0000 
0.0354 
0.0235 
0.0051 
0.0255 
0.0153 
0.0150 
0.0052 
0.0100 
0.0101 
0.0200 
0.0100 
0.0150 
0.0300 
0.0100 
0.0200 
0.0050 
0.0000 
0.0033 

0.0000 
0.0000 
0 .oooo 
0.0000 
0.0100 
0.0250 
0.0000 
0.0126 
0.0000 
0.0000 
0.0000 
0.0153 
0.0102 
0 10128 
0.0100 
0.0103 
0.0450 
0.0219 
0.0300 
0.0200 
0.0250 
0.0000 
0.0000 
0.0000 
0.0150 
0.0000 
0.0100 
0.0000 
0.0150 
0.0000 
0.0000 
0.0000 
0.0050 
0.0000 
0.0050 
0.0050 
0.0025 
0.0036 
0.0000 
0.0000 
0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

100 1.0000 0.0000 
99 1.0000 0.0000 

198 1.0000 0.0000 
98 1.0000 0.0000 

100 1.0000 0.0000 

100 1.0000 0.0000 
100  1.0000  0.0000 
200 1.0000 0.0000 
100  1.0000 0.0000 

97 1.0000 0.0000 
100  1.0000 0.0000 

50 1,0000 0.0000 

150 1.0000 0.0000 

297 1,0000 0.0000 
50 1,0000 0.0000 
50 1.0000 0.0000 

100  1.0000 0.0000 
50 1.0000 0.0000 
50 1,0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 

50 1.0000 0.0000 
GO i . 0ooo  O.OOOO 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 

50 1,0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 _. . 
zoo i.oooo o.oooo 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

700 1.OOC’l 0.0000 
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Appendix A. Continued. 

PEPLT* EGDH* 
Population N 100 88  114 N 100 90 

hsitna River (Yentna Drainages) 
Chelatna  Lake. 92 
Chelatna  Lake, 93 

Chelatna  Lake p l e d  
Yentna  River  West  Fork, 92 
Yentna  River  West  Fork, 93 

Hewitt  Lake, 9 2  
Yentna  River  West  Fork  pooled 

Hewitt/Whiskey  Lakes, 93 
Hewitt/Whiskey  Lakes  pooled 

Shell  Lake. 92 

Chelatna  Lake, 93 
Chelatna  Lake  -led 

Yentna  River  West-  Fork, 92 
Yentna  River  West  Fork, 93 

Hewitt  Lake, 9 2  
Hewitt/Whiskey  Lakes, 93 

Shell  Lake. 92 

Yentna  River  West  Fork  pooled 

Hewitt/Whiskey  Lakes  pooled 

93 

.~ Lake, 92 
Ace p l e d  

:y(Mwie Lakes, 93 

Judd  Lake, 92 
Judd  Lake. 93 

Trixuty/Marie  Lakes p l e d  

Byers  Lake, 93 
Stephan  Lake, 93 
Stephan  Lake,  site 1, 1994 
stephan  Lake  site 2, 94 

Larson  Lake, 9 2  
Larson  Lake, 93 

Birch  Creek, 93 
Red Shirt Lake, 93 
Western Cook Inlet Drainages 
Coal  Creek  West  Fork, 92 
coal  Creek  West  Fork, 93 

Cbilligan  fiver, 92 
Chilli an River, 94 

McArthur  River, 93 
Wolverine  Creek 93 

Stephan Lake p l e d  (not  site 1) 

Larson  Lake p l e d  

Coal  Creek  West  Fork p l e d  

Chi%igan  River p l e d  

Crescent  fiver, 92 
Crescent  River, 93 

Crescent kver p l e d  
Crescent  Lake  site 1, 94 
Crescent  Lake  site 2, 94 

~~ ~~~ 

9 1  
98 

195 
100 

199 
99 

49 
50 

100 
99 

199 
99 

100 
98 

198 
100 
100 
200 

100 
9 1  
23 
23 

120 
100 
100 
200 

67 
34 

0.9948 
0.9949 
0.9949 
0.9850 
0.9596 
0.9724 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.9800 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.9925 
1.0000 

1.0000 

0.0052 
0.0051 
0.0051 
0.0150 
0.0404 
0.0276 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0200 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0075 
0.0000 

0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

100 1.0000 0.0000 0.0000 

200  0.9975  0.0025 0.0000 
100  0.9950  0.0050 0.0000 

100 1.0000 0.0000 0.0000 

145 1,0000 0.0000 0.0000 
45 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0 .0000 -. ~ 

98 
100 
100 
200 

42 
47 

~~~~~~ 

1.0000 
1.0000 
1.0000 
1.0000 
I. 0000 
1.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0 .0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

50 1.0000 0.0000 
50 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

99 1.0000 0.0000 
100 i:OOOO O.Oooo 

25 1.0000 0.0000 

125 1.0000 0.0000 
25 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

34  1.0000 0.0000 
67  1.0000 0.0000 

200 1.0000 0.0000 
50 1.0000 0.0000 
50 1.0000 0.0000 
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Appendix A. Continued. 

~ ~ 

Population N 100 114 N 100 90 
PEPLT* 

88 
EGDH* 

Western Cook Inlet  Drainages Continued 
Packers  Lake, 92 
Packers  Lake, 93  83 1.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 100 0.9950  0.0050 

Packers  Lake  -led 182 1.0000 0 .0000  0.0000 182  0.9945  0.0055 
82  0.9939 0.0061 

Kasilof fiver Drhage 

Bear  Creek, 93 
Bear  Creek, 92 

Moose  Creek,  Tustumena, 92 
Moose  Creek,  Tustumena, 93 

Glacier  Flat Creek, 92 
Glacier  Flat Creek, 93 
Glacier  Flat Creek, 94 

Nikolai  Creek, 92 
Glacier  Flat  Creek pooled 

Nikolai  Creek, 93 

Tustumena Lake  sit 
Nikolai  Creek  pooled 

Tustumena  Lake  site 2,  94 
Tustumena  Lake  pooled 

Northeastern Cook Inlet Drama 
Seepage  Creek, 94 

* ges 

Bear  Creek p l e d  

Moose  Creek, Tustumena pooled 

Bishap Danie s Lake, 93 92 

100 
100 

200 
100 

198 
98 

100 1.0000 
100 1.0000 

299 1.0000 
99 1.0000 

100 1.0000 

200 1.0000 
100 1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 

0 .oooo 
0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 

0.0000 
0.0000 

100 
100 

200 
100 

1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 

198 
98 

100 
100 
100 
300 
100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

100 
200 

50 
50 

100 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

50 
50 

100 
100 

1.0000 
1.0000 
1.0000 

100 0.7150 
99  0.7677 

98 0 .7041  
0.7096 

0.9850 
1.0000 
0.8500 
0.8250 
0.8350 

1.0000 0.0000 
0.0000 
0.0000 
0.0000 

0.2323 
0.2850 
0.2959 

0.0000 
0 .0000 
0 . 0 0 0 0  
0 .0000 

0.0000 
0 .0000 
0 .0000 

100 0.0000 

0.0000 100 
100 
100 
200 

1.0000 
0.0000 
0.0000 

~~~ ~~ 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Daniels  Lake, 93 

Knik A m  (Little Witna fiver Drainaaes) 
Daniels  Lake  pooled 198 0.2904 0 .oooo 

0.0000 
0 .0000 
0 .oooo 

0.1750 0.0000 
0.1650 0.0000 

0.0000 

0.0000 

0.0000 100 
100 
100 
100 
100 

0.0150 
o.ooci3 
0.1500 

100 
100 
100 
100 
100 
200 

N a n c y  Lake, 93 
- 

Cottonwood  Creek, 93 

Fish  Creek, 93 
Fish  Creek, 92 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
Fish  Creek, 94 

Fish  Creek 93/94 pooled 200 0.8300 0.1700 
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Appendix A. Continued. 

~~ 

Papulation N 100 nu l l  N 100 136  57 -180 
m-1* m-2 * 

bnai River Drainage 
Russian  River,  above/early, 92 
Russian  River,  above/late, 92 
Russian  River,  abwe/late, 93 

Russian  River, below, 93 
Ptarmigan  Creek, 92 
Ptarmigan  Creek, 93 

Tern Lake. 93 
Tern Lake, 92 

Russian River, abwe/late p l e d  

Ftarmigan  Creek p l e d  

100 
100 
100 
200 

100 
99 

0.0000 
0.0050 

1.0000 
0.9950 

0 . 0 0 0 0  
0 .oooo 
0.0000 
0 .oooo 
0.0101 
0 .oooo 
0.0000 
0 .oooo 
0 .oooo 

100 

100 
100 

200 
100 

0.8950 
0.8400 
0.9100 

0.1050 
0.1600 
0.0900 

0.0000 
0.0000 
0.0000 

0.8000 0.2000 0.0000 
0.8450 0.1550 0.0000 
0.8827 0.1173 0.0000 

~~~~~~ 

0 I8750 0.1250 o .oooo 
0.0050 
0.0050 
0.3786 
0.3597 
0.2857 
0.3231 
0.1754 
0.2450 
0.2218 

0.9950 
0.9950 
0.6113 
0.6403 
0.7143 
0.6769 
0.8246 

100 
98 

198 
98 

50 
198 

100 
50 

150 

100 
99 

199 
100 
97 

0.1364 
0.3000 
0.3550 
0.3367 
0.2020 
0.1700 
0.1859 
0.1950 
0.1753 

0 7750 0.2250 
0.8013 0.1987 

50  0.7300 0.2700 

100 0.7800 0.2200 
50 0.8300 0.1700 

50  0.7800 0.2200 
50  0.7700 0.2300 

0.7750 0.2250 
0.8000 0.2000 
0.7700 0.2300 

0.8636 
0.7000 
0.6450 
0.6633 
0.7980 
0.8300 
0.8141 
0,8050 
0.8247 

0.0000 
0.0000 
0.0000 100 

150 
100 
99 

-~ 
0.7550 
0.7782 

0.0000 
0.0000 

0.0000 
0 .oooo 

0 .oooo 
0.0000 
0 .0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

~.~~~~ 

Ouartz Creek, 92 
Tern L&e pooled 

0.2126 
0.3410 
0.2765 
0.3443 

0.7874 
0.6590 & a r t 2  ( a=- 

Btwn  Kenai/Skil&  Lakes, 92 
Btwn Kenai/Skilak Lakes, early, 93 
Btwn  Kenai/Skilak  Lakes, late, 93 

Btwn  Kenai/Skilak  Lakes  site 1. earlv. 94 
Btwn  Ken/Ski  Lakes  site 6 p l e d  

199 
100 

0.7235 

0.6886 
0.6557 

0.6931 
0.7348 

0.7211 
0.7746 

0 .oooo 
0 .oooo 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 

97 
100 
297 

50 

100 
50 

50 
50 

100 
100 

150 
50 

100 
50 

100 
98 

198 

100 
100 

100 

0.3114 
0.2652 
0.3069 
0.2789 
0.2254 
0.2521 
0.3519 
0.3367 
0.3443 
0.3343 
0.3218 
0.3301 
0.2972 
0.3675 
0.0461 
0.0687 
0.0573 
0.4255 
0.2929 
0.3072 
0.3329 
0.3036 
0.3284 
0.1354 
0.0899 

100 
297 

~~ 

0.0000 

0.0000 
0.0000 

0.0000 
0 .0000  

Btwn  Kenai)Skilak  Lakes  site 1; late;. 94 

Btwn &?I ~~, 
Btwn  Kenai/Skilak  Lakes  site 2; late; ' 94 

Btwn  Ken/Ski  Lakes  site 1 w l e d  

Btwn  Ken/Ski  Lakes  site 2 w l e d  

0.7479 
0.6481 
0.6633 
0.6557 

0.6782 
0.6557 

0.6632 
0.6928 

mikkilak Lakes  site 2 .  earlv. 94 

O.@?OO 

0 .oooo 
0.0100 

0.0067 
0.0100 
0 .oooo 
0.0000 
0.0000 
0.0000 

0 .oooo 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 

100 
100 

50 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

~ . . ~ ~ .  
Btwn &?I ~~, 
Btwn  Kenai/SkIlak  Lakes  site 3; late; ' 94 

Btwn  Kenai/Skilak  Lakes  site 4 ,  late, 94 
Btwn  Kenai/Skilak  Lakes  site 5, late, 94 

Btwn  Ken/Ski  Lakes  site 3 p l e d  

mi/Skilak  Lakes  site 3. earlv. 94 

150 
50 

100 
100 
100 
200 
100 
100 
100 

200 
200 

700 
100 
100 
200 

0.7900 

0.7950 
0.7700 

1.0000 
0.9850 

0.2100 
0.2300 
0.2050 
0.0000 
0.0150 
0.0075 0.0000 
0.2150 0 , 0 0 0 0  
0.2850 0.0000 
0.2950 0.0000 

0.2125 
0.2350 0.0000 

0.2300 
0.2414 

0.2900 
0.2600 

0.6325 

0.9313 
0.9539 

0.9427 
0.5745 
0.7071 
0.6928 

0.6964 
0.6671 

0.6716 

Hidden  me&, 92 
Hidden  Creek, 93 

Hidden  Creek  =led 0.9925 

0.7150 
0.7850 

0.7050 
0.7650 
0.7875 
0.7586 
0.7700 
0.7100 
0.7400 

Skilak  Lake  Outlet, 92 
Skilak  Lake  Outlet, early, 93 
Skilak  Lake  Outlet, late, 93 
Skilak Lake  Outlet, early, 94 
Skilak  Lake  Outlet. late, 94 

200 
200 
700 

99 
99 

0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  

Moose  Creek, Kenai, 93 
Moose Creek, Kenai, 94 

Skilak  Lake  Outiet s l e d  

Moose  Creek, Kenai pooled 

0.8646 
0.9101 

198 0.1127 0.8873 

119 



Appendix A. Continued. 

m-1* m - 2 *  

population N 100 null -180 N 100 136  57 

&itna fiver (~entna Drainages) 
Chelatna  Lake, 92 
Chelatna  Lake, 93 

Qlelatna  Lake p l e d  
Yentna  River  West  Fork, 92 
Yentna  River  West  Fork, 93 

Yentna  River  West  Fork p l e d  
Hewitt  Lake, 92 
Hewitt/whiskey  Lakes, 93 

Shell  Lake, 92 
Hewitt/Whiskey  Lakes p l e d  

Shell  Lake, 93 
Shell  Lake  pooled 

Trinity  Lake, 92 
ninity/Movie F e s ,  93 

Judd Lake, 92 
Trinity/Movle  Lakes p l e d  

Judd Lake, 93 
Judd Lake p l e d  

Eyers  Lake, 93 
witna River (Mainstem  Drainages 

stephan  Lake, 93 
Stephan  Lake,  site 1, 1994 
Stephan  Lake  site 2, 94 

brson Lake, 92 
=son Lake, 93 

Birch  Creek, 93 
Red Shirt Lake, 93 
Western Cook Inlet  Drainages 
Coal  Creek  West  Fork, 92 
Coal Creek  West  Fork, 93 

Chilligan  River, 92 
Chilli an River, 94 

M c A r t h u r  River, 93 
Wolverine  Creek 93 

stephan  Lake  pooled  (not  site 

hrson Lake p l e d  

Coal  Creek  West  Fork p l e d  

Chiqligan  River p l e d  

crescent  River, 92 
Crescent  River, 93 ~~ 

Crescent  River  pooled 
crescent  Lake  site 1, 94 
crescent  Lake  site 2,  94 

100 0 .0461  
100 0.0305 
200 0.0383 
100 0.0699 
100 0.0726 
200 0.0713 

50 0.0513 
49 0.0853 

100 0.0726 
99 0.0681 

100 0.1225 
200 0.0976 
100 0.0513 
100 0.0461 
200 0.0487 
100 0.3755 
100 0.3443 
200 0.3599 

100 0.1876 
100 0.0000 

25 0.1056 
25 0.0000 

125 0.0000 
100 0.3367 
100 0.4523 
200 0.3945 

66 0.2823 
34 0.0299 

0.9539 
0.9695 
0.9617 
0.9301 
0.9274 
0.9287 
0.9487 
0.9147 
0.9319 
0.9274 
0.8775 
0.9024 
0.9487 
0.9539 
0.9513 
0.6245 
0.6557 
0.6401 

0.8124 
1.0000 
0.8944 
1.0000 
1.0000 
0.6633 
0.5477 
0.6055 
0.7177 
0.9701 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0 .0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

100 0.5101  0.4899 0.0000 

200  0.4635  0.5365 0.0000 
100 0,4169  0.5831 0.0000 

100 0.1693  0.8307 0.0000 

150  0.2013  0,7987  0.0000 
50  0.2652  0.7348 0.0000 

100 0,2126 0.7874 0.0000 
100 0.0619 0.9381 0.0000 
100 0.1340 0.8660 0.0000 
100 0,1168 0.8832 0.0000 
200 0.1254 0.8746 0.0000 

50  0.1282 0.8718 0.0000 
50  0.1515 0.8485 0.0000 

100 
100 
200 
100 

197 
97 

50 
50 

100 
100 
100 
200 
100 

200 
100 

100 
100 
200 

0.8850 
0.8500 
0.8675 
0.8000 
0.8093 
0.8046 
0.6300 
0.6200 
0.6250 
0.2300 
0.2700 
0.2500 
0.2900 
0.2750 
0.2825 
0.8900 
0.8100 
0.8500 

100 0.8150 
100 0.7300 

25 0.8200 
25 0.7600 

125 0.7360 

100 0.6750 
200 0.6800 

67 0.8134 
34 0.5882 

100 0.6850 

0.1150 
0.1450 
0.1300 
0.2000 
0.1907 
0.1954 
0.3700 
0.3800 
0.3750 
0.7700 
0.7300 
0.7500 
0.7100 
0.7250 
0.7175 
0.1100 
0.1900 
0.1500 

0.1850 
0.2700 
0.1800 
0.2400 
0.2640 
0.3150 
0.3250 
0.3200 
0.1866 
0.4118 

100 
100 
200 
100 

150 
50 

100 
100 
100 
100 
200 

50 
50 

0.8850 0.1150 
0.8300 0.1700 
0.8575 0.1425 
0.9200 0.0800 
0.9400 0.0600 
0.9267 0.0733 
0.7800 0.2200 
0.9700 0.0300 
0.7200 0.2800 
0.6500 0.3500 
0.6850 0.3150 
0.7200 0.2800 
0.6300 0.3700 

0 .oooo 
0.0050 
0.0025 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0 ,0000  
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0,0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 
0.0000 
0.0000 
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nppdix A. Continued. 

KN-1* m - 2 *  
population N 100 null -180 N 100 136  57 

. .  

neatern Cook Inlet Continued 
Packers  Lake, 92 
Packers  Lake, 93 

Packers Lake p l e d  
Kasilof  River  Drainage 
Bear  Creek, 92 
Bear  Creek, 93 

Moose Creek, Tustumena, 92 
Moose Creek, "ustumena, 93 

Glacier  Flat Creek, 92 
Glacier Flat Creek, 93 
Glacier Flat Creek, 94 

Nikolai Creek, 92 
Nikolai Creek, 93 

Nikolai Creek p l e d  
Tustumena  Lake s i t e  1, 94 
Tustumena Lake s i te  2, 94 

Tustumena Lake  -led 

Bear  Creek p l e d  

W s e  Creek, Tustumena p l e d  

Glacier Flat Creek p l e d  

~ ~~~~ ~ - 
Seepage  Creek, 94 
Northeastern Cook Inlet Drainages 

100 0.0000 1.0000 0.0000 
83 0.0060 0.9940 0.0000 

183 0.0027 0.9973 0.0000 

100 0.1112  0.8888 0.0000 

200  0.1197  0.8803 0.0000 
100  0.1282  0.8718 0.0000 

100 0.1340 0.8660 0.0000 

200  0.1170  0.8830 0.0000 
100 0.0835 0.9165 0.0000 

100 0.1574 0.8426 0.0000 
300  0.1174  0,8826 0.0GuO 

100 0.0780  0.9220 0.0000 

50 0.1515  0,8485 0.0000 

100 0.1341  0.8659 0.0000 
50 0.1168 0.8832 0.0000 

100 0.1056 0.8944 0.0000 

100 0.1000 0.9000 0.0000 

100 0.1112  0.8888 0.0000 

100 0.1000  0.9000 0.0000 

200  0.0890  0.9110 0.0000 

100 0.2000 0.8000 0.0000 
100 0.2319 0.7681 0.0000 
100 0.1938 0.8062 0.0000 
200 0.2128 0.7872 0.0000 

Bishop Danie s Lake, 93 92 
Daniels Lake, 93 

Knik Arm ( L i t t l e  Susitna River  Drainages) 
Nancy  Lake, 93 100 0,1225  0.8775 0.0000 
Cottonwood Creek, 93 100 0.0566  0.9434 0.0000 
Fish Creek, 92 
Fish Creek, 93 100 0.0202  0.9798 0.0000 

98  0.0051  0.9949 0.0000 

Fish Creek, 94  95 0.0106 0.9894 0.0000 
Fish Creek 93/94 p l e d  195  0.0155  0.9845 0.0000 

Daniels Lake p l e d  

99 0.7576 0,2424 0.0000 
83 0.7530 0.2470 0.0000 

182 0.7555 0.2445 0.0000 

100 0.6400 0.3600 

200 0.6675 0.3325 
100 0.6950 0.3050 

100 0.7050 0.2950 
100 0.6850 0.3150 
200 0.6950 0.3050 
100 0.7350 0.2650 
100 0.6800 0.3200 
100 0.6200 0.3800 
300 0.6783 0.3217 
100 0.6750 0.3250 

200  0.6875  0.3125 
100 0.7000  0.3000 

50 0.6700  0.3300 

100  0.6450  0.3550 
50 0.6200 0.3800 

100 0.6600 0.3400 

0.0000 
0 .oooo 
0.0000 
0.0000 
0 .0000  
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 

100 0.3200 0.6800 0.0000 
100 0.2300 0.7700 0.0000 
100 0.3050 0.6950 0.0000 
200 0.2675 0.7325 0.0000 

100 0.7700 0.2300 0.0000 
100 0.7500 0.2500 0.0000 
100 0.5000 0.5000 0.0000 
100 0.5950 0.4050 0.0000 
100 0.6550 0.3450 0.0000 
200 0.6250 0.3750 0.0000 
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pppendix A. Continued. 

sSOD-l* TPI-1,2* TPI-3* 
Population N 100 48 N -100 -173  -82 N 100 9 8  

Western Cook Inlet  Drainages 
Packers  Lake, 92 
Packers  Lake. 93 

Kasilof fiver  Drainage 
Packers Lake p l e d  

Bear  Creek, 92 
B e a r  Creek, 93 

kose  Creek, Tustumena, 92 
kose  Creek. Tustumena, 93 

- 

Bear  Creek p l e d  

Glacier  Flat Creek, 92 
kose Creek, TustUmena p l e d  

Glacier Flat Creek, 93 
Glacier Flat Creek, 94 

Nikolai Creek, 9 2  
Nikolai Creek, 93 

Nikolai Creek p l e d  
Tustumena Lake s i t e  1, 94 
Tustumena Lake s i t e  2, 94 

wtumena Lake p l e d  

Northeastern Cook Inlet  Drainages 
Seepage  Creek, 94 

Glacier  Flat Creek p l e d  

Bishap Danie s Lake. 93 92 
Daniels Lake; 93 

Knik Arm (Little  Suaitna  River  Drainages) 
Daniels Lake p l e d  

Fish Creek, 92 
Fish Creek, 93 
Fish Creek, 94 

Fish Creek 93/94 p l e d  

99 
8 1  

180 

100 

19  9 
99 

100 

200 
100 

100 

100 
50 

250 
100 
100 
200 

50 
50 

100 
100 

100 
100 
100 
200 

100 
100 
100 

95 

194 
99 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 .oooo 
0.0000 
0.0000 

0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .oooo 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .oooo 
0.0000 

0.0000 
0.0000 
0 .0000  
0 .0000  

0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .oooo 

99 1.0000 0 .0000  0.0000 

182 1.0000 0.0000 0.0000 
ai i.oooo o.oooo O.OOOO 

100 0.9975 0.0025 

200 0.9988 0.0012 
100 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 

100 1.0000 0.0000 
95 1.0000 0.0000 

100 1.0000 0.0000 
295 1.0000 0.0000 
100 1.0000 0.0000 

200 1.0000 0.0000 
100 1.0000 0.0000 

49 1.0000 0.0000 
50 1.0000 0.0000 
99 1.0000 0.0000 
98 1.0000 0.0000 

0 .0000  
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0!300 

100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 
199 1.0000 0 .0000  0 .0000 

i ~ n o  1.0000 0.0000  0 .0000 _.. ~~~~~~ 

98 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 

98 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
198 1.0000 0.0000 0.0000 

99 1.0000 0.0000 
83 1.0000 0.0000 

182 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
200 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 -.. ~~~~~ 

200 1.0000 0.0000 
100 1.0000 0.0000 
100 1,0000 0.0000 
100 1.0000 0.0000 
300 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 _.. ~~~~~~ 

200 1.0000 0.0000 
49 1.0000 0.0000 
50 0.9900 0.0100 
99 0.9949 0.0051 
97 0.9948 0.0052 

100 1.0000 0.0000 
100 1.0000 0.0000 

199 1.0000 0.0000 
99 1.0000 0.0000 

100 1.0000 0.0000 
100 1.0000 0.0000 
100 1.0000 0.0000 

98 1.0000 0.0000 
99 1.0000 0.0000 

197 1.0000 0.0000 

124 



Appdix A. Continued. 

Population N 100 106 97 Observed Eqected 
TPI-4* Heterozygosities 

Kenai River Drainage 
Russian  River,  abare/early, 92 
Russian  River,  abare/late, 92 

100 
100 

200 
100 

100 
100 

198 
98 

100 
49 

149 
100 

1.0000 0 .0000  0.0000 0.0505 0.0528 
0 :0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0100 
0.0067 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0 .0000  
0 .0000 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0100 
0.0000 
0.0050 

0.0486 
0.0434 

0.0492 
0.0473 

0.0419 
0.0393 

1.0000 
1.0000 Russian  River;  abarellate; 93 

Russian  River, below, 93 
Ptarmigan  Creek, 92 
Ptarmigan  Creek, 93 

Tern  Lake. 92 

Russian River, abave/late p l e d  

Ptarmigan  Creek p l e d  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.9900 
0.9933 

100 1.0000 
1.0000 

200 1.0000 
100 1.0000 

97 1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  

0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0429 
0.0422 
0.0393 0.0392 

0.0395 
0.0422 

0.0398 
0.0422 

0.0443 
0.0399 

0.0414 
0.0434 

0.0418 Btwn  Kenai/Skil  Lakes, 92 
Btwn  Kenai/Skilak  Lakes, early, 93 
Btwn  Kenai/Skilak  Lakes, late, 93 

Btwn  Kenai/Skilak  Lakes  site 1, early, 94 
Btwn  Kenai/Skilak  Lakes  site 1, late, 94 

Btwn  Kenai/Skilak  Lakes  site 2, early, 94 
Btwn Kenai/Skilak Lakes  site 2, late, 94 

Btwn  Kenai/Skilak  Lakes  site 3, early, 94 
Btwn  Kenai/Skilak  Lakes  site 3, late, 94 

Btwn  Kenai/Skilak  Lakes  site 4, late, 94 
Btwn  Kenai/Skilak  Lakes  site 5, late, 94 
Hidden Creek, 92 
Hidden Creek, 93 

Quartz Creek 
P l e d  

Btwn Ken/Ski Lakes  site 6 pooled 

Btwn -/Ski Lakes  site 1 p l e d  

Btwn  Ken/Ski  Lakes  site 2 pooled 

Btwn  Ken/Ski  Lakes  site 3 pooled 

0.0420 
0.0422 
0.0481 

0.0407 
0.0439 

296 
99 

50 
50 

100 
50 
49 
99 

100 
50 

150 
50 

100 
100 
100 
200 
100 
100 

98 
200 
200 

0.0519 
0.0443 

0.0420 
0.0449 

0.0403 
0.0416 

0.0484 
0.0454 

0.0462 
0.0441 

0.0422 
0.0425 

0.0411 
0.0327 
0.0328 

0.0426 
0.0343 
0.0329 

0.0000 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0362 0.0362 

Skilak  Lake  Outlet, 92 
Hidden Creek  pooled 

Skilak Lake  Outlet, early, 93 
skilak Lake  Outlet, late, 93 
Skilak  Lake  Outlet. earlv. 94 

0.0388 
0.0444 
0.0400 
0.0389 
0.0389 

0.0378 
0.0424 
0.0419 
0.0392 
0.0382 

0.0400 
0.0377 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 Skilak  Lake  Outlet;  late; . 9 4  

Skilak Lake  Outlet  pooled 698 
100 
100 
200 

1.0000 
0,9900 
1.0000 
0.9950 

0.0000 
0.0000 
0 .0000 
0 .0000 

0.0415 
0.0374 

Moose  creek, m i ,  93- 
Moose  Creek, Kenai, 94 

Moose  Creek,  Kenai  pooled 
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pppendix A. Continued. 

TPI-4* Heterozygosities 
Population N 100 106 97 Observed  Expected 

Susitna River (Yen- Drainages) 
Chelatna  Lake, 92 
Chelatna  Lake, 93 

Chelatna  Lake p l e d  
Yentna  River  West  Fork, 92 
Yentna  River  West Fork, 93 

Yentna  River  West Fork =led - 
Hewitt  Lake, 92 
Hewitt/Whiskey  Lakes, 93 

Shell  Lake. 92 

~~~ ~ 

Hewitt/Whiskey  Lakes p l e d  

97 1.0000 0.0000 0.0000 
96 1.0000 0.0000 0.0000 
193 1.0000 0.0000 0 .0000 
98 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
198 1.0000 0.0000 0.0000 
49 1.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 
99 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
199 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
98 1.0000 0.0000 0.0000 
198 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
97 1.0000 0.0000 0.0000 

50 1.0000 0.0000 0 .0000  

197 1.0000 0.0000 0.0000 

100 
100 
25 
25 
125 
100 

199 
99 

67 
34 

100 
93 

193 
100 

150 
50 

100 
99 
100 
100 
200 
50 
50 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

0.9946 
1.0000 
0.9974 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0 .0000  
0 .0000  
0.0000 
0 .0000 
0 .0000  
0.0000 
0.0000 

0.0054 
0.0000 
0.0026 
0.0000 
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  
0.0000 
0.0000 
0 .0000  

0.0000 
0.0000 
0 .0000 
0 .oooo 
0.0000 

0 .0000  
0 .0000 

0.0000 
0.0000 
0 .0000 

0.0000 
0 .0000 
0 .oooo 
0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0 .0000 
0.0000 

0.0338 
0.0311 

0.0381 
0.0382 

0.0376 
0.0368 

0.0423 
0.0410 

0.0374 
0.0390 

0.0389 
0.0480 

0.0408 
0.0591 
0.0404 
0.0519 

0.0432 
0.0437 

0.0260 
0.0382 

0.0401 
0.0454 

0.0200 
0.0222 

0.0452 
0.0294 
0.0411 
0.0430 

0.0395 
0.0357 

0.0340 
0.0353 

0.0387 
0.0383 

0.0367 
0.0363 

0.0448 
0.0425 

0.0375 
0.0376 

0.0392 
0.0456 

0.0407 
0.0584 
0.0481 
0.0553 

0.0395 
0.0369 

0.0286 
0.0376 

0.0397 
0.0423 

0.0208 
0.0230 

0.0435 
0.0273 
0.0421 
0.0421 

0.0424 
0.0350 
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Appendix A. Continued. 

TPI-4*  Heterozygosities 
Papulation N 100 10 6 97  Observed W c t e d  

Western Cook Inlet  Drainages  Continued 
Packers  Lake, 92 
Packers  Lake,  93 

Packers  Lake  pooled 
mailof River Drainage 
Bear  Creek,  92 
Bear  Creek,  93 

m ear Creek  pooled 
W s e  Creek, Tustuma, 92 
t&ose  Creek, %tuna, 93 

Glacier  Flat  Creek,  92 
Moose  Creek,  Tustumena  pooled 

Glacier  Flat  Creek,  93 
Glacier  Flat  Creek,  94 

Nikolai  Creek.  92 
Glacier  Flat  Creek p l e d  

Nikolai  creek;  93 

Wtumena Lake  slte 1, 94 
Nikolai  Cre&.pooled 

Tustumena  Lake  site 2, 94 
mstumena  Lake -led 

Seepage  Creek,  94 - 
Northeastern Cook Inlet  Drainages 

BishT W e  s c r e e k ,  Lake, 93 92 
Daniels  Lake,  93 

99 1.0000 0.0000 0.0000 
83 1.0000 0.0000 0.0000 
182 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 

200 1.0000 0.0000 0.0000 
100 1.0000 0 .0000  0.0000 

100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0 .0000 
100 1.0000 0.0000 0.0000 

100 1.0000 0.0000 0.0000 

200 1.0000 0.0000 0.0000 
100 1.0000 0.0000 0.0000 

49 1.0000 0.0000 0.0000 

99 1.0000 0.0000 0.0000 
98 1.0000 0.0000 0.0000 

300 1.0000 0.0000 0.0000 

50 1.0000 0.0000 0.0000 

100 1.0000 0 .0000  0.0000 
loo 1.00oo o.oooo O.OOOO 
99 1.0000 0.0000 0.0000 
199 1.0000 0.0000 0.0000 

.* -c-..”., _ -  
Fish  Creek  93/94  -led 

0.0309 
0.0300 

0.0444 
0.0460 

0.0444 
0.0423 

0.0452 
0.0472 
0.0475 

0.0520 
0.0539 

0.0422 
0.0378 

0.0460 

0.0395 
0.0403 
0.0451 

0.0355 
0.0439 
0.0436 
0.0481 
0.0474 

0.0316 
0.0282 

0.0475 
0.0451 

0.0452 
0.0451 

0.0466 
0.0499 
0.0468 

0.0511 
0.0526 

0.0452 
0.0403 

0.0485 

0.0425 
0.0406 
0.0436 

0.0333 
0.0413 
0.0453 
0.0474 
0.0465 
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Appendix B. Allele  frequency  estimates for mixed-stock samples of Ccok Inlet  sockeye salmon. 

&T-I‘ M T - 2 *  
Population N -100 -83 N -100 -73  -129 

cook Inlet Camv2rcial  Fishery 
Central  District Drift Fishery #1, 92  158  0.9082  0.0918 
Central  District  Drift  Fishery #2,  92 200 0.8500  0.1500 
Central  District Drift Fishery #1, 93  394  0.9277  0,0723 
Central  District  Drift  Fisherv #2,  93 281  0.9039  0.0961 ~~ . .. . 
Central  District  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 
Cook  Inlet  Drift  Fishery #2.  95 
Cook  Inlet  Drift  Fishery #3,  95 
Cook  Inlet  Drift  Fishery #4,  95 
Cook Inlet  Drift  Fishery #5, 95 
so. Central  Cook  Inlet  Setnet #,1 95 
So. Central  Cook  Inlet  Setnet #2 95 

Kasilof River  In-river  Fishezy 
Kasilof  River  Mixed  Fishery #1, 92 
Kasilof  River  Mixed  Fishery #2,  92 
Kasilof  Fish  Wheel #1, 94 
Kasilof  Fish  Wheel #2,  94 
Kasilof  Fish  Wheel #3,  94 

Kenai Rim In-rim Fishery 
Kenai  River  Mixed  Fishery, 92 
Xenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2,  94 
Kenai  Fish  Wheel #3, 94 
Kenai  Fish  Wheel #4, 94 
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2, 95 
Kenai  Fish  Wheel #3,  95 

Suaitna  River  In-river Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2,  92 

Y e n t n a  River  In-river  Fishery 

Yentna  River  Fish  Wheel #2,  92 
Yentna  River  Fish  Wheel #1, 92 

Yentna  River  Mixed  Fisherv, 94 

347 0.9049 0.0951 
298 0.8960 0.1040 
398 0.8894 0.1106 
397 0.9156 0.0844 
399 0.8772 0.1228 
300 0.9150 0.0850 
398 0.8857 0.1143 
398 0.9045 0.0955 

200 0.8850 0.1150 
200 0.9175 0.0825 
197 0.8934 0.1066 
199 0.8869 0.1131 

97  0.9021  0.0979 

200 0.9125  0.0875 

200  0.9350  0.0650 
88 0.9318  0.0682 

199  0.8995  0.1005 

298  0.8960  0.1040 
198  0.9192  0.0808 

298  0.9245  0.0755 
300  0.9167  0.0833 

114 0.8114 0.1886 
199 0 .8291 0.1709 

199 0.8241 0.1759 
200 0.7550 0.2450 
199 0.8116 0.1884 

346 
300 
399 

400 
3 92 

397 
300 

397 

200 
197 
19  9 
198 

98 

197 

198 
88 

167 
190 
296 
298 
287 

200 
113 

196 
1 9 1  
199 

0.9971 
0.9933 
0.9937 
0.9923 
0.9838 

0.9912 
0.9783 

0.9887 

0.9975 

0.9925 
0.9949 

0.9975 
1.0000 

0,9898 
0.9886 
0.9823 
0.9641 
0.9605 
0.9730 

0.9634 
0.9664 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

0.0029 
0.0067 
0.0063 
0,0077 
0.0162 

0,0088 
0.0217 

0.0113 

0.0025 
0.0051 
0.0075 
0.0025 
0.0000 

0.  “102 
0.0114 
0.0177 
0.0359 
0.0395 
0.0270 
0.0319 
0.0366 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 

0.0000 
0.0000 

0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.  coo0 
0.0000 
0.0000 
0.0000 

0 .0000 
0.0017 

0.0000 
0 .oooo 

0.0000 
0 .oooo 
0.0000 
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Appendix B. Continued. 

mAH-1,2* M - 4  * 
Population N 100 75  133 N 1 0 0  8 1   1 1 4  

Cook Inlet Carmercial Fishery 
Central  District  Drift  Fishery #1, 92 149   0 ,9530  
central  District  Drift  Fishery #2, 92 199  0.9334 
Central  District  Drift  Fishery #1, 93  340  0.9654 
Central  District  Drift  Fishery #2,  93  271  0.9686 
Commercial  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 

344  0 .9724 
297  0 .9604 

Cook  Inlet  Drift  Fishery #2, 95 
Cook  Inlet  Drift  Fishery #3,  95 

392  0.9605 

Cook  Inlet  Drift  Fishery #4,  95 
396  0 .9766 

Cook  Inlet  Drift  Fishery #5, 95 
393  0.9663 

So. Central  Cook  Inlet  Setnet #1, 95 394  0 .9549 
300  0.9608 

So. Central  Cook  Inlet  Setnet #2,  95  389  0.9614 

Kasilof River In-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92  169  0 .9615 
Kasilof  River  Mixed  Fishery #2, 92 
Kasilof  Fish  Wheel #1, 94 

198  0 .9508 
189  0 .9656 

Kasilof  Fish  Wheel #2, 94 
Kasilof  Fish  Wheel #3. 94 

0.0470 0.0000 
0.0666 0,0000 
0.0331 0 .0015  
0 .0295  0 , 0 0 1 8  
0.0276 0 .0000 
0 .0396 0 . 0 0 0 0  
0.0395 0 .0000 
0.0234 0 .0000  
0 .0337 0 .0000  

0 .0451 0 .0000  
0.0392 0 .0000 

0 .0386 0 .0000  

0 .0385  0 .OOOO 

0.0344 0 .0000  
0.0492 0 .0000 

~~ 

177 0 .9689 0 . 0 3 1 1  0 .0000  
98  0.9592 0.0408 0 .0000 

Kenai River In-river Fishery 
Kenai  River  Mixed  Fishery, 
Kenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2, 94 
Kenai  Fish  Wheel #3,  94 
Kenai  Fish  Wheel #4,  94 
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2,   95 
Kenai  Fish  Wheel #3.  95 

92 200 
88 

185 
195  

196 
250 
293 
290 

0 .9400 
0.9545 
0 .9590 
0 .9757  
0.9770 

0 .9642 
0.9710 

0.9672 

0 . 0 6 0 0  
0.0455 
0.0410 
0 .0243 
0 .0230 

0 .0358  
0.0290 

0.0328 

0,0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 

Susitna Riwr In-rivsr Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2,  92 

Y e n t n a  River In-river  Fishery 

Yentna  River  Fish  Wheel #2. 92 
Yentna  River  Fish  Wheel #1, 92 194  0 .9781  0 ,0168  0 .0052 

199   0 ,9799   0 .0201  0 .0000  

1 9 9  0 .9824 0 .0176 0 .0000 
113  0.9823 0.0177 0 .0000  

158 
198 
356 
274 
346 
299 
399 

398 
398 

399 
300 

398 

194 

200 
200 

182 
98 

200 

194 
88 

189  

298 
190 

298 
300 

199 
113 

193 
200 

1 .0000  
0 .9975  
0 .9902 
0.9964 
1 .0000  
0 .9983 
0.9975 

1 . 0 0 0 0  
0 .9987 

1.0000 
1 . oooo  

1.0000 

1 .0000  

1 .0000  
1 . 0 0 0 0  

1 .0000  
1 .0000  

1 .0000  
1.0000 

1 . 0 0 0 0  
0.9974 

1.0000 
1.0000 
1.0000 
1.0000 

1 .0000  
1 .0000 

1.0000 
1.0000 

0.0000 
0 . 0 0 0 0  
0.0000 
0 .  @918 
0.0000 
0 .0000  
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

0.0000 
0 .oooo 

0.0000 
0 .oooo 

0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 .0000  
0 .0025  
0 .0098 
0 .0018  
0 .0000  
0 .0017  
0.0025 
0 .0013 
0 .0000 
0 .0000  
0.0000 
0.0000 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0026 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0 .  -000 
0 .0000 

0.0000 
0.0000 

Yentna  River  Mixed  Fishery, 94 
.. . 

195  0 .9808  0 .0192 0 .0000 199 1 .0000  0 .0000  0.0000 
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Appendix B. Continued. 

sAH* ALAT* 
Population N 100 117 83 75 N 100 91   108   95  

cmk M e t  Comrrvcial Fishery 
central  District  Drift  Fishery #I, 92  159 
Central  District  Drift  Fishery #2,  92  200 

Central  District  Drift  Fishery #2,  93  278 
Central  District  Drift  Fishery #1, 93  398 

Commercial  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 

346 

Cook  Inlet  Drift  Fishery #2,  95 
300 

Cook  Inlet  Drift  Fishery # 3 ,  95 
399 
3 96 

Cook  Inlet  Drift  Fishery #4,  95  400 
Cook  Inlet  Drift  Fishery #5, 95 
So. Central  Cook  Inlet  Setnet #1,  95 397 

300 

So .  Central  Cook  Inlet  Setnet #2, 95  397 

Kasilof  River  In-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92  199 

Kasilof  Fish  Wheel #1, 94 
Kasilof  River  Mixed  Fishery #2, 92  198 

200 
Kasilof  Fish  Wheel #2,  94  200 
Kasilof  Fish  Wheel #3,  94  97 

Kenai River  In-river  Fishery 

Kenai  Fish  Wheel #1, 94 
Kenai  River  Mixed  Fishery, 

Kenai  Fish  Wheel #2,  94 
Kenai  Fish  Wheel #3 ,  94 
Kenai  Fish  Wheel #4, 94 
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2, 95 
Kenai  Fish  Wheel #3,  95 

92  200 

199 
88 

200 
189 

294 
299 
300 

Susitna  River  In-river  Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2,  92 

Yentna  River  Fish  Wheel #1, 92 
Y e n t n a  River  In-river Pis- 

Yentna  River  Fish  Wheel #2,  92  200 
199 

Yentna  River  Mixed  Fishery, 94  199 

200 
114 

0.9811 
0.9800 
0.9736 
0.9658 
0.9610 
0.9800 
0.9724 
0.9596 
0.9588 

0.9635 
0,9467 

0.9295 

1.0000 

1,0000 
1,0000 

1.0000 
1.0000 

0.9625 
0.9148 
0.9472 
0 .8571 
0.7850 
0,9099 
0.9214 
0.8867 

0.9950 
0.9912 

1.0000 
1.0000 
1.0000 

0.0189 
0.0200 
0.0264 
0.0342 
0.0332 
0.0200 
0.0276 
0.0404 
0.0412 
0.0533 
0.0365 
0.0693 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0375 
0.0852 
0.0477 
0.1376 
0.2000 
0.0901 
0.0786 
0.1133 

0.0050 
0.0088 

0.0000 
0.0000 

0.0000 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0058 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0013 

0.0000 
0.0000 
0 .0000 

0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0053 
0.0050 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .oooo  

0.0000 
0.0000 

0.0000 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0050 
0.0000 
0.0100 
0.0000 
0.0000 
0.0000 

0.0000 
0 .oooo  

0.0000 
0.0000 
0.0000 

160 
200 
397 
2 8 1  
349 
297 
399 
397 
399 
299 
395 
399 

200 

200 
200 

199 
96 

200 

199 
88 

192 
198 
300 
300 
294 

198 
114 

200 
196 

198 

0.6000 
0.6150 
0.6259 
0.6210 
0.6218 
0.5758 
0.5902 
0.5932 
0.6266 
0.6338 
0.5570 
0.6917 

0.5325 
0.5725 
0.5500 
0.5352 
0.5885 

0.5700 
0.5852 
0.6683 
0.7240 
0.7601 
0.7067 
0.7200 
0.6735 

0.7325 
0.7121 

0.5275 
0.5536 

0.5657 

0.3250 
0.3425 
0.3476 
0.3149 
0.3209 
0.3535 
0.3496 
0.3312 
0.3283 
0.3010 
0.3278 
0.2406 

0.3325 
0.3025 
0.3350 
0.3342 
0.3229 

0.3850 
0.3750 
0.2839 
0.2552 
0.1944 
0.2417 
0.2367 
0.2721 

0.2412 
0.2677 

0.4575 
0.4260 

0.4040 

0.0094 

0.0013 
0.0000 

0.0000 
0.0018 

0.0013 
0.0000 

0.0000 
0.0013 

0.0000 
0.0050 

0.0050 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0025 
0.0000 
0.0000 
0.0050 
0.0017 
0.0034 

0.0025 
0 .0000 

0.0000 
0.0000 

0.0000 

0.0656 
0.0425 
0.0252 
0.0623 
0.0573 
0.0707 
0.0589 
0.0756 
0.0439 
0.0602 
0.1152 
0.0627 

0.1350 
0.1250 
0.1150 
0.1307 
0.0885 

0.0450 
0.0398 
0.0452 
0.0208 
0.0455 
0.0467 
0.0417 
0 .0510 

0.0263 
0.0177 

0.0150 
0.0204 

0.0303 
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Appendix E. Continued. 

Pouulation N 100 50 208 N 100 108 N 100  132  143 
GZPDH- 2 * QPDK- 4 * GPI-B1,2* 

Cook Inlet Carmercial  Fishezy 

Central  District  Drift  Fishery #2, 92 195 
Central  District  Drift  Fishery #1, 92  154 

Central  District  Drift  Fishery #1, 93  250 
Central  District  Drift  Fishery #2,  93  278 
Comercia1  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 

347 

Cook  Inlet  Drift  Fishery #2,  95 
300 

Cook  Inlet  Drift  Fishery #3,  95 
400 

Cook  Inlet  Drift  Fishery #4,  95 
398 
400 

Cook  Inlet  Drift  Fishery #5, 95 
So. Central  Cook  Inlet  Setnet #1, 95  399 

300 

So. Central  Cook  Inlet  Setnet #2, 95  400 

Kasilof River In-river Fishezy 
Kasilof  River  Mixed  Fishery #1, 92 
Kasilof  River  Mixed  Fishery #2.  92  198 

196 

Kasilof  Fish  Wheel #1, 94  200 
Kasilof  Fish  Wheel #2, 94  194 
Kasilof  Fish  Wheel #3, 94  94 

Kenai River In-river  Fishery 
Kenai  River  Mixed  Fishery, 92  198 
Kenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2, 94 

88 

Kenai  Fish  Wheel #3, 94 
200 

Kenai  Fish  Wheel #4, 94 
197 
196 

Kenai  Fish  Wheel #1. 95  299 
Kenai  Fish  Wheel #2.  95 
Kenai  Fish  Wheel #3,  95 

300 
293 

Susitna River In-river  Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2, 92 

Yentna Rim In-river  Fishery 
Yentna  River  Fish  Wheel #1. 92 
Yentna  River  Fish  Wheel #2.  92 

199 
114 

197 
199 

0.9935 0.0065 
0.9949 0.0051 
1.0000 0.0000 

0.9986 0.0014 
0.9910 0.0054 

1.0000 0.0000 
0.9900 0.0038 
0.9975 0,0025 
0.9962 0.0038 
0.9917 0.0083 
0.9987 0.0013 
0.9975 0.0025 

1.0000 0.0000 
1.0000 0.0000 
0.9975 0.0025 

1.0000 0.0000 
1.0000 0.0000 

0.9975 0.0025 
0.9943 0.0057 

0.9975 0.0025 
0.9950 0.0050 

1 .0000  0.0000 
0.9967 0.0033 
0.9917 0.0083 
0.9966 0,0034 

1.0000 0.0000 
1.0000 0.0000 

0.9975 0.0000 
1.0000 0.0000 

0.0000 

0.0000 
0 .oooo 

0.0036 
0.0000 
0.0000 
0.0062 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0 .0000  

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0025 
0.0000 

346 1.0000 0.0000 
297 0.9882 0.0118 
397 0.9950 0.0050 
397 0.9962 0.0038 
400 0.9988 0.0012 
300 1.0000 0.0000 
398 0.9925 0.0075 
394 1 .0000 0.0000 

200  0.9950  0.0050 

200 1.0000 0.0000 
184 1.0000 0,0000 

200  0.9900  0.0100 
95  0.9947  0.0053 

200 1.0000 0 .0000 
88 1.0000 0.0000 

200 1 .0000 0.0000 

200 1.0000 0.0000 
194 1.0000 0,0000 

299 1.0000 0.0000 
298 1.0000 0.0000 
290 1.0000 0 .0000 

197  1.0000 0.0000 

198 1.0000 0.0000 

160 1.0000 0.0000 0.0000 
200 0.9975 0.0012 0.0012 
393 0.9987 0.0013 0.0000 
282 1.0000 0.0000 0.0000 
349 1.0000 0.0000 0.0000 

50 1.oc 100 0.00 100 0. 0000 

200 0.9738 0.0262 0.0000 
199 0.9661 0.0339 0,0000 

200 1.0000 0.0000 0.0000 
200 1.0000 0.0000 0.0000 

98 0.9923 0.0077 0,0000 

200 0.9988 
88 0.9972 

199 1.0000 
193 1 .0000 
199 1.0000 

299 0.9983 
299 1.0000 

300 1.0000 

0.0012 
0.0028 
0.0000 
0.0000 
0.0000 

0.0017 
0.0000 

0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

200 1 .0000  0.0000 0.0000 
114 0.9978 0.0000 0.0022 

188 1.0000 0.0000 0.0000 
200 1.0000 0.0000 ~0 .0000  
199 1.0000 0.0000 0.0000 Yentna  River  Mixed  Fishery, 94 199 1.0000 0.0000 0.0000 
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Appendix B. Continued. 

PoDulation N 100 94  107 N 100 72  84 6 1  118  94 
GPI-A* sIDHp-l* 

Cook Inlet Carmercial Fishery 
Central  District  Drift  Fishery #1, 92 160 
Central  District  Drift  Fishery #2,  92  200 
Central  District  Drift  Fishery #1, 93 395 
Central  District  Drift  Fishery #2, 93 282 

Cook  Inlet  Drift  Fishery #1, 95 
Commercial  Drift  Fishery, 94 

300 
349 

Cook  Inlet  Drift  Fishery #2,  95 
Cook  Inlet  Drift  Fishery #3,  95 

399 
386 

Cook  Inlet  Drift  Fishery #5. 95 
Cook  Inlet  Drift  Fishery #4,  95  397 

298 
So. Central Cook Inlet  Setnet #1, 95  397 
So. Central  Cook  Inlet  Setnet #2,  95  396 

Kasilof River In-river Fishery 
Kasilof  River  Mixed  Fishery #1, 92  200 
Kasilof  River  Mixed  Fishery #2, 92  200 
Kasilof  Fish  Wheel #1, 94 
Kasilof  Fish  Wheel #2, 94  200 

200 

Kasilof  Fish  Wheel #3,  94 98 

KenaF River In-river F i e h r y  
Kenai  River  Mixed  Fishery, 92  200 
Kenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2, 94  199 

88 

Kenai  Fish  Wheel #3, 94 
Kenai  Fish  Wheel #4, 94 

193 

Kenai  Fish  Wheel #1, 95  299 
196 

Kenai  Fish  Wheel #2, 95  299 
Kenai  Fish  Wheel #3, 95  300 

Sunshine  Fish  Wheel #1, 92 
Susitna River In-river Fishery 

200 
Sunshine  Fish  Wheel #2, 92 114 

Y e n m a  River In-river Fishery 
Yentna  River  Fish  Wheel #1, 92 
Yentna  River  Fish  Wheel #2,  92 

198 
200 

Yentna  River  Mixed  Fisherv. 94  199 

1 .0000 

0.9987 
1 .0000 

1 .0000 
0.9986 
1.0000 
1.0000 
1.0000 
1 .0000 
1.0000 
0.9987 
1 . 0 0 0 0  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
0.9975 

1.0000 
0.9983 

1.0000 
1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0 .0000 
0 .0000  
0.0000 
0.0000 

0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 
0.0017 

0 .0000 
0.0000 

0 .oooo 
0.0000 

0.0000 
0.0000 
0 .0000 

0.0000 

0.0013 
0 .0000 

0.0000 
0.0014 

0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0013 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0025 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

158 
200 
385 
280 
347 

399 
300 

397 
399 
300 
397 
398 

199 
200 
200 
200 

98 

200 
88 

199 
199 
1 9 1  
297 

299 
299 

114 
199 

199 
200 
199 

0.9968 

0.9935 
1 .0000 

0.9821 
0.9942 

0.9887 
0.9933 

0.9861 
0.9950 
0.9867 
0.9987 
0.9899 

0.9950 
0.9975 
1.0000 
1 .0000 
0.9949 

0.9925 
1.0000 

0.9899 
0.9824 

0.9895 
0.9882 

0.9900 
0.9916 

0.9737 
0.9975 

1 . 0 0 0 0  
0.9975 
1.0000 

0.0000 

0.0039 
0.0000 

0.0054 
0.0029 

0.0050 
0.0050 

0.0013 
0.0025 

0.0013 
0.0017 

0.0013 

0.0050 
0 .oooo 
0 .oooo 
0 .oooo 
0 .0051 

0.0025 
0.0000 

0.0050 
0.0126 

0.0026 
0.0000 

0.0033 
0 .oooo 

0 .oooo 
0.0000 

0.0000 
0.0000 
0.0000 

0.0032 

0.0026 
0.0000 

0.0107 
0,0029 

0.0038 
0.0000 

0.0050 
0.0013 

0.0000 
0.0067 

0.0075 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0050 
0.0000 
0.0050 
0.0050 
0.0052 
0.0084 
0.0067 
0.0067 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 

0.0000 
0.0000 

0.0018 
0.0000 

0.0025 
0.0017 

0.0076 
0.0013 

0.0000 
0.0050 

0.0013 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0026 
0.0034 

0.0000 
0.0017 

0.0000 
0.0000 

0.0000 
0.0000 

0 .oooo 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0132 
0.0025 

0.0000 
0.0025 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0025 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0132 
0.0000 

0.0000 
0.0000 

0.0000 
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Appendix B. Continued. 

LDH-B2* SMDH-A1,2* 
population N 100 110 85 N 100 64 46  147 

cook Inlet Carmercia?.  Fishery 
Central  District  Drift  Fishery #1, 92 159 
Central  District  Drift  Fishery #2,  92  200 
Central  District  Drift  Fishery #1, 93 394 
Central  District  Drift  Fishery #2,  93  283 
Commercial  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 

349 

Cook  Inlet  Drift  Fishery #2,  95 
300 

Cook  Inlet  Drift  Fishery #3,  95 
400 

Cook  Inlet  Drift  Fishery #4. 95 
400 

Cook  Inlet  Drift  Fishery #5,  95 
399 

so. Central  Cook  Inlet  Setnet #1, 95  400 
299 

so. Central  Cook  Inlet  Setnet #2,  95  400 

Kasilof River In-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92 199 
Kasilof  River  Mixed  Fishery #2. 92  200 
Kasilof  Fish  Wheel #1, 94 200 
Kasilof  Fish  Wheel #2,  94 200 
Kasilof  Fish  Wheel #3,  94 97 

Kenai River In-river  Fishery 

Kenai  Fish  Wheel #1, 94 
Kenai  River  Mixed  Fishery, 

Kenai  Fish  Wheel #2, 94 
Kenai  Fish  Wheel #3,  94 
Kenai  Fish  Wheel #4, 94  
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2, 95 
Kenai  Fish  Wheel #3, 95 

92  200 

200 
88 

200 

299 
200 

300 
300 

Susitna River In-river  Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2,  92 

Y e n t n a  River In-river Fishezy 
Yentna  River  Fish  Wheel #1, 92  199 

200 
114 

0.9088 
0.8900 
0.8858 
0.9028 
0.8825 
0.8850 
0.8788 
0.8775 
0.9035 
0.8997 
0.8775 
0.8638 

0.8769 
0.8575 
0.8750 
0.8775 
0.8299 

0.9175 
0.8864 
0.8725 
0.8475 
0.7925 
0.8712 
0.8600 
0.8517 

0.9518 
0.9400 

0.9121 

0.0912 
0.1100 
0.1129 
0.0972 
0.1175 
0.1150 
0.1212 

0.0965 
0.1225 

0.1003 
0.1225 
0.1362 

0.1231 
0.1425 
0.1250 
0.1225 
0.1701 

0.0825 
0.1136 
0.1275 
0.1525 

0.1288 
0.2075 

0.1400 
0.1483 

0.0482 
0.0600 

0.0879 

0.0000 
0.0000 
0.0013 
0 .oooo  
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 

160 
199 
399 
279 
347 
300 
399 

397 
398 

300 
399 
400 

200 
200 
200 
200 

98 

200 

200 
88 

199 

300 
197 

300 
200 

199 
114 

199 

0.9812 
0.9937 
0.9937 
0.9928 
0.9928 
0.9992 
0.9981 
0.9962 
0.9962 
0.9917 
0.9994 
0.9906 

0.9975 
0,9988 
0.9975 
0.9975 
0.9949 

0.9775 
0.9972 
0.9888 
0.9925 

0.9933 
0.9949 

0.9883 
0.9925 

1.0000 
1.0000 

0.9987 

0.0000 
0.0000 
0.0000 
0.0009 
0.0000 
0.0000 
0.0006 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0012 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0033 
O.'?OO 

0.0000 
0.0000 

0.0013 

0.0000 
0 .0000 
0.0013 
0 .oooo 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0 .oooo 
0.0000 

0.0000 
0 .0000 
0 .0000 
0.0000 
0.0000 

0 .0000 
0.0000 
0.0000 
0 .oooo 

0.0000 
0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 

0.0188 
0.0063 
0.0050 
0.0063 
0.0072 
0.0008 
0.0013 

0.0038 
0.0038 

0.0083 
0.0006 
0.0094 

0.0025 
0.0012 
0.0025 
0.0025 
0.0051 

0.0213 
0.0028 
0.0112 
0.0075 

0.0067 
0.0051 

0.0083 
0.0075 

0.0000 
0.0000 

0.0000 
Yentna  River  Fish  Wheel #2, 92  200  0.8925 0.1075 0.0000 
Yentna  River  Mixed  Fishery, 94 

200 1.0000 0.0000 0 .0000 0.0000 
199  0 .9171  0 .0829 0,0000 199 1.0000 0.0000 0.0000 0.0000 
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Appendix B. Continued. 

SLWH-B~,Z* lmEP-1* 
Population N 100 65  120  116 N 100 80 

cook Inlet Wmrrvcial  Fishery 
Central  District  Drift  Fishery 
Central  District  Drift  Fishery 
Central  District  Drift  Fishery 
Central  District  Drift  Fishery 
Commercial  Drift  Fishery, 94 ~~ 

Cook  Inlet  Drift  Fishery #1, 95 
cook Inlet  Drift  Fisherv #2.  95 

300 0.9992 0.0008 0.0000 0.0000 
399 0.9994 0.0006 0,0000 0.0000 

#1, 92 150 1 . 0 0 0 0  0 ,0000 0.0000  0 .0000 

#1, 93  399  0.9987  0,0006 0,0006 0.0000 
#2, 92  200  0.9988  0.0012 0,0000 0.0000 

#2,  93  282  0.9973  0.0027 0.0000 0.0000 
350  0.9964  0.0029 0.0000 0.0007 

COOK  Inlet  Drift  Fisher+ #3;  95 400 0.9988 0.0012 0.0000 0.0000 
cook  Inlet  Drift  Fishery #4,  95 397  0.9981 0.0019 0.0000 0.0000 

So. Central  Cook  Inlet  Setnet #1, 95 399  0.9994 0.0006 0.0000 0.0000 
cook  Inlet  Drift  Fishery #5,  95 300 0.9983  0.0017 0 ,0000 0.0000 

So. Central  Cook  Inlet  Setnet #2,  95  400 1.0000  0.0000 0 .0000 0.0000 

Kasilof RAver =-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92 
Kasilof  River  Mixed  Fishery #2, 92 

200 1 .0000 0.0000 0.0000 0.0000 
199 1.0000 0.0000 0.0000 0.0000 

Kasilof  Fish  Wheel #1, 94 
Kasilof  Fish  Wheel #2,  94 

200 1.0000 0.0000 0 .0000 0.0000 
99 1.0000 0.0000 0.0000 0.0000 

Kasilof  Fish  Wheel #3,  94  98 1.0000 0.0000 0.0000 0.0000 

ICenai River  In-river  Fishery 
Kenai  River  Mixed  Fishery, 
Kenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2,  94 
Kenai  Fish  Wheel #3,  94 

Kenai Fish Wheel #1, 95 
Kenai Fish Wheel #4, 94 

Kenai Fish Wheel #2, 95 
Kenai Fish Wheel #3. 95 

92  198 

200 
88 

199 
196 
300 
300 
199 

0.9937 
1.0000 
1.0000 
1.0000 
0.9987 

0.9992 
0,9992 

1 .0000 

0 .0051  
0.0000 
0 .oooo 
0.0000 
0.0013 
0.0008 
0.0008 
0 .OD00 

0.0000 
0 .0000 
0.0000 
0 .oooo 
0 .0000 

0 .0000 
0.0000 

0.0000 

0.0013 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Susitna River --river Fishery 
Sunshine  Fish  Wheel #1, 92  199 1 .0000 0.0000 0.0000 0.0000 
Sunshine  Fish  Wheel #2,  92  114 1,0000 0.0000 0.0000 0.0000 

Y e n h a  River --river Fishery 

158 1,0000 0.0000 
200 1 . 0 0 0 0  0 .0000 
396 1.0000 0.0000 
283 1 .0000 0.0000 
347 1.0000 0.0000 
299 1 .0000 0.0000 
398 1 .0000 0.0000 
397 0.9987 0.0013 
399 1.0000 0.0000 

399 1.0000 0.0000 
300 1.0000 0.0000 

399 1.0000 0.0000 

198 1.0000 0.0000 
200 1 .0000 0.0000 
197 1.0000 0 .0000 
200 1.0000 0.0000 

98 1.0000 0.0000 

200 1.0000 0.0000 

200 1.0000 0.0000 
88 1.0000 0.0000 

190 1.0000 0.0000 
196 1.0000 0.0000 
299 1.0000 0.0000 
300  1.0000 0.0000 
300 1 .0000 0.0000 

199 1 .0000 0.0000 
112 1.0000 0.0000 

200 1.0000 0.0000 
199 1.0000 0.0000 

199 1 .0000 0.0000 

Yentna  River  Fish  Wheel # l ,  92  199 1.0000 0.0000 0.0000 0.0000 
Yentna  River  Fish  Wheel #2, 92  200 1.0000 0.0000 0.0000 0.0000 
Yentna  River  Mixed  Fishery, 94  199 1.0000 0.0000 0.0000 0.0000 
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Appendix B. Continued. 

PEPA* PEPB-I* FEPC* 
Ponul ation N 100 106 92 N 100 130  163 N 100 105 

cook Inlet Carmercial Fishery 

Central  District  Drift  Fishery #2,  92  200 
Central  District  Drift  Fishery #1, 92 160 

Central  District Drift  Fishery #1, 93  399 
Central  District Drift  Fishery #2, 93 282 
Commercial  Drift Fishery, 94 
Cook  Inlet  Drift Fishery #1, 95 

346 
300 

Cook  Inlet  Drift  Fishery #2,  95  399 

Cook Inlet Drift Fishery #4, 95 
Cook Inlet Drift Fishery #3, 95  398 

Cook Inlet Drift Fishery #5, 95 
399 
300 

So. Central  Cook  Inlet  Setnet #1, 95  400 
So. Central  Cook  Inlet  Setnet #2,  95  399 

1 .0000 

0.9962 
0.9925 

0.9971 
0.9840 

1.0000 
1 .oooo  

0.9975 
0.9962 

1.0000 
0.9883 

0,9900 

0 .oooo  

0.0025 
0.0050 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0013 

0.0000 
0.0067 

0.0013 

0 .0000 
0.0025 
0.0013 
0.0160 
0.0029 

0 .0000 
0.0000 

0.0025 
0.0025 

0.0000 
0.0050 

0.0088 

1 5 6  
200 
390 
280 
347 

399 
300 

399 
399 

396 
300 

400 

0.9968 

0.9987 
1 .0000 

0.9986 
1 .0000 

0.9975 
1 .oooo  

0.9950 
0.9962 

0.9950 
0.9987 
0,9988 

0.0032 

0.0013 
0.0000 

0.0014 
0.0000 

0.0025 
0.0000 

0.0038 
0.0038 

0.0050 
0.0013 
0.0012 

0 .0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0 .0000 
0.0013 
0.0000 
0.0000 
0.0000 

1 6 0  1.0000 
200 0.9900 
394 0.9835 
278 0.9946 
346 0.9827 
300 0.9583 
396 0.9381 
398 0.9648 
398 0.9573 
2 9 1  0.9816 
397 0.9773 
397 0.9950 

0.0000 
0 .0100 
0.0165 
0.0054 
0.0173 
0.0417 
0.0619 
0.0352 
0.0427 
0.0184 
0.0227 
0.0050 

Kasilof River In-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92  198 1.0000 
Kasilof  River  Mixed  Fishery #2,  92  199 1 .0000 

Kasilof  Fish  Wheel #2,  94 
Kasilof  Fish  Wheel #1, 94  200 1.0000 

Kasilof  Fish  Wheel #3, 94 
200 1.0000 

98 1 .0000 

0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
0.0000 
0 .0000 

199 
200 
200 
198 

98 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

200 0.9800 
198 0.9848 
200 0.9700 
200 0.9900 

98  0.9949 

0.0200 
0.0152 
0.0300 

0.0051 
0.0100 

Kenai Rim In-river Fishery 
Kenai  River  Mixed  Fishery, 
Kenai  Fish  Wheel #1, 94 
Kenai  Fish  Wheel #2, 94 
Kenai  Fish  Wheel #3, 94 
Kenai  Fish  Wheel #4,  94 
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2,  95 
Kenai  Fish  Wheel #3,  95 

92  200  0.9825 

200  0.9875 
88  0.9943 

199  0.9824 

299  0.9900 
199  0.9849 

300  0.9900 
300  0.9933 

0.0000 
0.0057 
0.0050 
0.0025 
0.0000 
0.0017 
0.0000 
0.0017 

0.0175 
0 .0000 
0.0075 
0 . 0 1 5 1  
0.0151 
0.0084 
0 .0100 
0.0050 

200 
87 

0.9975 
1.0000 
0.9950 
1.0000 
0.9975 
0.9967 
0.9983 
0.9950 

0.0025 
0 .0000 
0.0050 
0.0000 
0.0025 
0.0033 
0.0017 
0.0050 

0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 

200 0.9950 

199 1.0000 
88 0.9943 

176 0.9972 
199 1.0000 
299 0.9933 
298 0.9950 
195 0.9923 

0.0050 
0.0057 

200 
168 
200 
299 
300 
300 

0.0000 
0.0028 
0.0000 

0.0050 
0.0067 

0.0077 

Susitna River &-river Fishezy 
Sunshine  Fish  Wheel #1, 92  200 1.0000 
Sunshine  Fish  Wheel #2, 92  114 1.0000 

Yentna  River  Fish  Wheel #1, 92 
Yen- River In-river Fishery 

Yentna  River  Fish  Wheel #2.  92 
199 1.0000 

Yentna  River  Mixed  Fishery, 94 
200 1.0000 
199 1 .0000 

0 .oooo 
0.0000 

199 
114 

1.0000 
1.0000 

0.0000 
0 .0000 

0.0000 
0 .0000 

197 0.9264 
114 0.9386 

0.0736 
0.0614 

0.0000 
0 .0000 

0.0000 
0 .0000 
0.0000 

0 .oooo 
0.0000 
0.0000 

200 
200 
199 - 

0.9925 
1 .0000 
0.9975 

0.0075 
0.0000 
0.0025 

0.0000 
0.0000 
0,0000 

199 0.9698 
200 0.9475 
199 0 .9271 

0.0302 
0.0525 
0.0729 
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Appendix B. Continued 

PEPLT* m - I  * m-2* 
Population N 100 88  114 N 100 null N 100 136 

coak Inlet  Cormercial Fishery 
Central  District  Drift  Fisherv #1. 92 158  0.9778  0.0127  0.0095 160 0.3529  0.6471  157  0.8217  0.1783 
Central  District Drift  Fishery #2, 92 200  0.9800 
Central  District Drift  Fishery #1, 93  395  0.9709 

Commercial  Drift Fishery, 94 
Central  District Drift  Fishery #2,  93 281  0.9715 

346  0.9624 
Cook  Inlet  Drift  Fishery #1, 95 
Cook  Inlet  Drift  Fishery #2, 95 

293  0.9676 
383  0.9634 

Cook  Inlet  Drift  Fishery #3, 95  392  0.9694 
Cook  Inlet  Drift  Fishery #4,  95  384  0.9648 
Cook  Inlet  Drift  Fishery #5, 95 
So. Central  Cook  Inlet  Setnet #1, 95  373  0.9946 

287  0 .9721 

So. Central  Cook  Inlet  Setnet #2,  95 379 0.9855 

- . .  
0.0100 
0.0228 
0.0160 
0.0332 
0.0324 
0.0352 
0.0242 
0.0208 
0.0157 
0.0054 
0.0066 

0.0100 
0.0063 
0.0125 
0.0043 
0.0000 
0.0013 
0.0064 
0.0143 
0.0122 

0.0079 
0.0000 

200 
398 
282 
347 
300 
400 
400 
399 
300 

399 
399 

0.2618 
0.2027 
0.2397 

0.0908 
0 . 2 0 0 1  

0 .1500 
0.1678 
0.2084 
0.2561 
0.1228 
0.3136 

0.7382 
0.7973 
0.7603 

0.9092 
0.7999 

0.8500 
0.8322 
0.7916 
0.7439 
0.8772 
0.6864 

200 
393 
283 

300 
347 

400 
400 
399 
300 
398 
400 

0.7400 
0.7646 
0.7703 
0.7522 
0.6950 
0.7250 
0.7338 
0.7556 
0.7867 

0.2600 
0.2354 
0.2297 
0.2478 
0.3050 
0.2750 
0.2662 
0.2444 
0.2133 
0.3304 
0.2288 

0.6696 
0.7712 

Kasilof River In-river  Fishery 
Kasilof  River  Mixed  Fishery #1, 92 
Kasilof  River  Mixed  Fishery #2,  92 
Kasilof  Fish  Wheel #1, 94 
Kasilof  Fish  Wheel #2,  94 
Kasilof  Fish  Wheel #3,  94 

Kenai River In-rivsr Fishery 

Kenai  Fish  Wheel #1, 94 
Kenai  River  Mixed  Fishery, 92 

Kenai Fish  Wheel #2,  94 
Kenai Fish  Wheel #3, 94 
Kenai Fish  Wheel # 4 .  94 
Kenai Fish  Wheel #1, 95 
Kenai Fish  Wheel #2, 95 
Kenai Fish  Wheel #3,  95 

Suaitna Rim In-river Fishery 
Sunshine  Fish  Wheel #1, 92 
Sunshine  Fish  Wheel #2.  92 

Y e n t n a  River In-river Fishery 

Yentna  River  Fish  Wheel 8 2 ,  92 
Yentna  River  Fish  Wheel ftl, 92 

Yentna  River  Mixed  Fisherv. 94 

200 
200 
200 
200 

97  

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

200 0.1340 
200 0.1000 
197 0.1391 
199  0.1886 

98  0.1252 

0.8660 
0.9000 
0.8609 
0.8114 
0.8748 

200 
200 
200 
200 

98 

0.6850 
0.6775 
0.6525 
0.6650 
0.6276 

0.3150 
0.3225 
0.3475 
0.3350 
0.3724 

200 
88 

199 

199 
198 

299 
300 
300 

0.9800 
0.9943 
0.9799 
0.9798 
0.9899 
0.9666 
0.9817 
0.9750 

0.0100 
0.0057 
0.0075 
0.0101 
0.0075 
0 .0067 
0.0100 
0.0167 

0.0100 
0.0000 
0.0126 
0 . 0 1 0 1  
0.0025 
0.0268 
0.0083 
0.0083 

200 0 .3181 
86 0.1578 

200 0.2286 

200 0.1633 
200 0,2158 

299 0.2571 
300 0.2606 
300 0.2428 

0.6819 
0.8422 
0.7714 
0.7842 
0.8367 
0.7429 
0.7394 
0.7572 

198 
88 

200 
200 
200 
299 
300 
300 

0.7778 
0.7670 
0.8075 
0.8125 
0.8050 
0.8227 
0.7850 
0.8417 

0.2222 
0.2330 
0.1925 
0.1875 
0.1950 
0.1773 
0.2150 
0.1583 

198 
112 

0,9899 
0.9955 

0 .0101  
0.0045 

0.0000 
0.0000 

199  0.2300 
114  0.2164 

0.7700 
0.7836 

200 
114 

0.7500 
0.7368 

0.2500 
0.2632 

0.9746 
0.9750 
0.9799 

0 .0051 
0 .oooo 
0.0000 

200 
197 

199 

0.0203 
0.0250 
0 .0201 

199 0.0812 
199  0 . 1 0 6 1  
199  0.0922 

0.9188 
0.8939 
0.9078 

200 
198 

199 

0.7222 
0.7225 
0.7136 

0.2778 
0.2775 
0.2864 
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Appendix B. Continued. 

TPI-1,2* 
Pooulation N -100 54  -82 

cmk Inlet Ccmnercial Fishe+y 
Central  District  Drift  Fishery #1, 92 155 
Central  District  Drift  Fishery #2, 92 200 
Central  District  Drift  Fishery #1, 93 395 
Central  District  Drift  Fishery #2,  93  283 
Commercial  Drift  Fishery, 94 
Cook  Inlet  Drift  Fishery #1, 95 

346 

Cook  Inlet  Drift  Fishery #2, 95 
300 

Cook  Inlet  Drift  Fishery #3, 95 
396 

Cook  Inlet  Drift  Fishery #4, 95 
398 
399 

So. Central  Cook  Inlet  Setnet #1, 95  400 
Cook  Inlet  Drift  Fishery #5, 95 300 

So. Central  Cook  Inlet  Setnet #2,  95  398 

Kasilof River In-river F i s h e q  

Kasilof  River  Mixed  Fishery #2, 92 
Kasilof  River  Mixed  Fishery #1, 92 

200 
198 

Kasilof  Fish  Wheel #1, 94 
Kasilof  Fish  Wheel #2,  94 

200 

Kasilof  Fish  Wheel #3, 94 
200 

98 

mmai River In-river Fishery 
Kenai  River  Mixed  Fishery, 
Kenai  Fish  Wheel #1, 94 

Kenai Fish Wheel #3, 94 
Kenai Fish Wheel #2, 94 

Kenai  Fish  Wheel #4,  94 
Kenai  Fish  Wheel #1, 95 
Kenai  Fish  Wheel #2, 95 
Kenai  Fish  Wheel #3,  95 

92  200 
87 

190 
199 

198 
299 
298 
300 

Susitna River In-river F i s h a y  
Sunshine  Fish  Wheel #1, 92  200 
Sunshine  Fish  Wheel #2,  92 114 

Yentna River  Fish  Wheel #1, 92 
Y m t n a  Riwr In-river F i s w  

199 
Yentna  River  Fish  Wheel #2. 92 199 
Yentna  River  Mixed  Fishery, 94 199 

1.0000 

0.9994 
1.0000 

1.0000 
0.9993 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.9992 
1.0000 

1 .0000  

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

0 .oooo  

0.0006 
0.0000 

0.0000 
0,0000 
0.0000 
0 .oooo  
0.0000 
0.0000 

0 .oooo  
0.0000 

0.0000 

0.0000 

0 .oooo 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0 .oooo 
0.0000 
0.0007 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

0.0000 
0.0000 

0 .0000 
0.0000 

0.0000 
0.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0008 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 
0.0000 
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Appendix C. Heterogeneity  analysis within Kenai River. 

Populations 
Among  heterogeneity groups 
W~thii heterogeneity groups 
Russian River Above Falls 

Among yead 
Between years 

Late run 
Kenai  Mainstern 

Among streams' 

Wlthin streams 
ptarmigan Creek 
Quartz Creek 
Sklak Lake  Outlet 

Among years' 
Within run time 

1993 
1994 

Btwn KedSki Lakes  Site 1 
Btwn W S k i  Lakes Site 2 
Btwn KedSki Lakes Site 3 
Btwn Ken/% Lakes Site 6 

Among years 
Wifhin run time 

Moose  Creek 
'includes early run, 91 

IF &AT-I DF 1AAT-2 DF m4H-1.2 DF ndH-4 DF sAH DF ALAT DF CK-A2 DF CK-B 

4  58.98  4  532.81  4  44.70  4 17.59  12 1888.40  12 447.64  4 4.95  4  4.49 
25 59.40 25  58.06  25  78.92  25 6.71  75 54.43  73 135.66 25 30.90  25  2.19 
2  15.25  2  9.27  2  37.13 2 0.00 6 0.91  5 2.88  2 0.00 2  2.19 
1 14.92 1 9.03 1 37.73 1 0.00 3 0.76  3 0.70 1 0.00 1 0.81 
1 0.33 1 0.24 1 0.00  1 0.00 3 0.15  2 2.18 1 0.00 1 1.38 
1 0.33 1 0.24 1 0.00 1 0.00 3 0.15  3 2.18  1 0.00 1 1.38 

20  42.83  20  43.38  20  38.71 20 4.27  60 50.83  59 127.06 20 30.90 20 0.00 
9  33.57  9  34.04  9  25.71  9 0.00 27 34.66  27 98.79  9 25.74  9 0.00 

11 9.26 I 1  9.34 I 1  13.00 11  4.27  33 16.17 32 28.27 11 5.16 11  0.00 
1 0.97  1 0.00 1 0.41 1 0.00 3 1.09 3 0.30  1 0.00 1 0.00 
1 0.48 1 2.86 1 1.57  1 0.00 3 0.00 3 5.36  1 2.99 1 0.00 
4  3.60  4  2.85  4  2.31  4 0.00 12 7.73  12 11.4  4 0.00 4 0.00 

2 1.16 2  1.01 2  2.11 2 0.00 6  5.52 6  0.69 2 0.00 2 0.00 
1 0.00 1 0.00 1 0.04 1 0.00 3  4.07 3  0.55 1 0.00 1 0.00 
1 1.16 1 1.01 1  2.07 1 0.00 3  1.45 3  0.14 1 0.00 1 0.00 
1 0.19 1 1.37 1 1.43 1 0.00 3  2.79 3 2.43 1 0.00 1 0.00 
1 1.72 1 0.34 1 7.06 1 0.00 3  0.20 3  3.36 1 0.00 1 0.00 
1 0.95 1 1.92 1 0.02 1 0.00 3  0.90 3  2.05 1 0.00 1 0.00 
2  1.35 2 0.00 2  0.20 2 4.27 6  3.46 5  3.37 2  2.17 2 0.00 
1 0.24 1 0.00 1 0.17 1 0.00 3  2.52 3  2.08 1 0.82 1 0.00 
1 1.11 1 0.00 1 0.03 1  4.27 3 0.94 2  1.29 1  1.35 1 0.00 
1 1.11 1 0.00 1 0.03 1 0.00 3  0.94 3  2.63 1 1.35 1 0.00 
1  0.55 1 3.27 1 2.35 1 2.44 3  2.20 3  0.35 1 0.00 1 0.00 

1 0.41 1 0.25 1 0.02 1 0.00 3 0.00 3  3.05 1 0.00 I 0.00 

1 0.36 1  1.89 1 0.11 1 0.00 3  0.49 3  2.32 1 0.00 1 0.00 

2  2.44  2 I 1.84 2  0.20  2 0.00 6  2.21  6  10.71  2 0.00 2 0.00 

'Includes Russian River below falls 93 and Elehveen Kenai and Skilak Lakes sites 4 and 5.94 
'Includes Skilak Lake Outlet, 91 
Appendix C. Continued. 
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lpopulations 

1 Among  heterogeneity p u p s  
W~thin heterogeneity groups 
Russian  River Above Falls 

Among years 
Between years 

Among streams 

Wlthii streams 

Ptamigan Creek 

Ski lak  Lake  Outlet 

W~thin mn time 
1993 
1994 

B M  KedSki Lakes Site 1 
Bh*n KedSki Lakes  Site 2 
E M  KedSki Lakes  Site 3 
B M  KedSki Lakes  Site 6 

Y- 
W~thin run time 

4  1.35 8 50.34  12  12.97  4  7.53  8  23.99  4  0.71  16  17.91  8  506.77 
25  9.17  50 39.62  73 27.45  25 25.57  50 24.23  25 4.58 100 59.29 48 95.01 
2 0.00 4 0.81  5 1.40  2 0.00 4 0.00 2 0.00 8 0.00 3 0.00 
1 0.00 2  0.81 3 0.00 1 0.00 2 0.00 I 0.00 4 0.00 2 0.00 
1 0.00 2 0.00 2  1.40 1 0.00 2 0.00 1 0.00 4 0.00 1 0.00 
1 0.00 2  1.40 3 0.00 1 0.00 2 0.00 1 0.00 4 0.00 2 0.00 

20  9.17  40 37.46  59 25.24 20 23.83  40 24.03 20 4.58  80 56.52  39 89.59 
9 5.65  18 20.98  27 16.47  9 19.74  18 21.85 9 2.09  36 33.27  18 69.08 

11 3.52  22 16.48  32 8.77  11 4.09 22 2.18 11 2.49 44 23.25 21 20.51 
1 1.34  2 0.00 3 0.00 1 0.00 2 0.00 1 0.00 4 1.09 2 0.00 
1 0.00 2 0.00 3 0.00 1 0.21  2 0.00 1 0.00 4 2.77 2 20.51 
4 0.00 8 4.37 12 3.59  4 3.88  8 0.00 4 2.49 16 12.9  8 0.00 
2 0.00 4 3.68  6 2.21  2 2.50  4 0.00 2 1.11 8 8.42  4 0.00 
2 0.00 4 0.69  6 1.38  2 1.38  4 0.00 2 1.38  8 4.48 4 0.00 
1 0.00 2 0.69  3 0.00 1 1.38  2 0.00 1 0.00 4 2.76  2 0.00 
1 0.00 2 0.00 3 1.38 1 0.00 2 0.00 1 1.38  4 1.72 2 0.00 
1 0.00 2 2.79  3 0.00 1 0.00 2 0.00 1 0.00 4 0.00 2 0.00 
1 0.00 2 0.00 3 1.38 1 0.00 2 0.00 1 0.00 4 1.06 2 C.OO 
1 0.00 2 0.23  3 0.81 1 0.00 2 0.00 1 0.00 4 1.62  2 0.00 
2  2.18  4 9.09  5 2.99  2 0.00 4 2.18  2 0.00 8 3.81  3 0.00 
1 0.82  2 4.95  3 2.99 1 0.00 2 0.82 1 0.00 4 3.81  2 0.00 
1 1.36  2 4.14 2 0.00 1 0.00 2 1.36  1 0.00 4 0.00 1 0.00 
1 1.36  2 0.00 3 4.14 1 0.00 2 1.36 1 0.00 4 0.00 2 0.00 
1 0.00 2 0.00 3 0.81  1 0.00 2 0.00 1 0.00 4 0.00 2 0.00 
1 0.00 2 1.35  3 0.00 1 0.34  2 0.20 1 0.00 4 0.00 2 0.96 
1 0.00 2 0.00 3 0.00 1 1.40  2 0.00 1 0.00 4 2.77  2 4.46 

- 
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Appendix C. Continued. 

bpulatiom 
mong heterogeneity groups 
W i n  heterogeneity groups 
lussian  River  Above Falls 

Among year; 
Between yeam 

Late IUII 

:enai Maiistem 
Among streams 
within streams 

F’tarmigan Creek 
QuartL Creek 
Skilak Lake  Outlet 

Among years 
Wthii run time 

1993 
1994 

Bhm KedSki Lakes Site 1 
Btwn KedSki Lakes Site  2 
Bhm KedSki Lakes Site  3 
Bhm KedSki Lakes Site 6 

Among years 
Mthh run time 

1993 
em  Lake 
idden Creek 
loose Creek 

DF LDH-A2 DF LDH-B2 DF sMDH-A1,2 DF sMDH-BI,~  DF mMEP-1 DF MPI DF PEPA DF PEPB-I 
4  0.71  4  304.18  8  56.98  8 4.90  4 0.72 4 10.73  8  37.00  8 55.50 

25  6.06  25  58.03  50  48.43  50  21.81  25  4.51  25 31.48 50  58.24  50  43.77 
2 0.00 2  26.14  4 0.00 4  1.62  2 0.00 2 0.00 4 0.00 4 0.00 

1 0.00 I 24.86  2  0.00  2 1.62 I 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 1.28  2 0.00 2 0.00 1 0.00 1 0.00 2 0.00 2 0.00 
1 0.00 1 1.28  2 0.00 2 0.00 1 0.00 1 0.00 2 0.00 2 0.00 

20  6.06  20  30.62 40 48.43  40  20.19  20  4.51 20 31.48 8 -  57.43 40  41.53 
9  3.82  9  22.83  18  25.76 18 10.53 9 2.19 9 12.41  18  35.12 I8 37.92 

11 2.24 11 7.79  22  22.67  22  9.66 I I 2.32 I I 
1 0.00 1 0.15 2  0.72  2 0.00 1 0.00 1 
1 0.00 1 3.05  2 1.03  2 0.00 1 0.00 1 
4 0 4  2.54 8 13.62  8  9.66  4  2.32 4 
2 0.00 2  1.85  4  3.66  4  6.93  2  0.96  2 
2 0 2  0.69  4  9.96  4  2.73  2  1.36  2 
1 0.00 1 0.44 2  6.96  2  1.38 1 0.00 1 
1 0.00 1 0.25  2  3.00  2 1.35 1 1.36 1 
1 0.00 1 0.14  2  1.38  2 0.00 1 0.00 I 
I 0.00 1 0.19  2  1.38  2 0.00 1 0.00 1 
1 0.00 1 0.16  2 0.00 2 0.00 1 0.00 1 
2  2.24  2  1.56 4 4.54  4 0 2   0 2  
1 0.83 1 0.60  2  2.88  2 0.00 1 0.00 1 
1 1.41 1 0.96  2  1.66  2 0.00 1 0.00 1 
1 1.41 1 0.96  2 2.97  2 0.00 1 0.00 1 

19.07  22 
1.40  2 
2.76  2 
4.38 8 
3.44  4 
0.94  4 
0.00 2 
0.94  2 
2.79  2 
4.20  2 
2.20  2 
1.34  4 
0.00 2 
1.34  2 
0.00 2 

22.31  22  3.61 
2.82 2 0.64 
2.99  2 0.00 
6.61  8 0 
2.87 4 0.00 
3.14 4 0 
0.34  2 0.00 
3.40  2 0.00 
0.00 2 0.00 
1.39  2 0.00 
2.53  2 0.00 
5.97  4  2.91 
0.90  2 0.00 
5.07  2  2.91 
1.66 2 0.00 

J 
1 0.00 1 0.30 2 0.00 2 0.00 1 0.00 1 0.00 2  0.81 2  0.92 
1 0.00 I 0.85 2 0.00 2 0.00 1 0.00 1 0.00 2 0.00 2 0.00 

1 0.00 1 0.12 2 0.00 2 0.00 1 0.00 1 0.00 2 0.00 2  1.32 
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Appendix C. Continued. 

opulations 
mong heterogeneity groups 
t'ithii heterogeneity groups 
ussian River Above Falls 

Among years 
Between years 

Late run 
:enai Maistern 
Among sh-eams 

Wlthin streams 
Ptarmigan  Creek 
Quartz Creek 
Skilak Lake Outlet 

Among years 
Withii run time 

1993 
1994 

Btwn KedSki Lakes Site 1 
Btwn KedSki Lakes Site 2 
Bhm KedSki Lakes Site 3 
Bhm KedSki Lakes Site 6 

Among years 
W~thii mn time 

1993 
ern Lake 
idden  Creek 
loose Creek 

IF P E K  DF PEPDI DF PQLT DF E M - I  DF E M - 2  DF TPI-3 DF TPI4 DF Overall 
4  8.47  4  24.89  8  156.95  8  578.80  4  221.27  4  2.13  4  16.87 196 5101.30 

27  31.24  25  39.53  48  73.02 48 68.86  25  51.48  25  11.33  25  4.38 1217  1264.45 
3 0.00 2 0.00 3 0.00 3 1.62  2  5.05  2 0.00 2 0.00 94 104.94 
1 0.00 1 0.00 2 0.00 2  1.62 1 0.52 1 0.00 1 0.00 49 93.41 
2 0.00 1 0.00 1 0.00 1 0.00 1 4.53 1 0.00 1 0.00 45 11.53 
1 0.00 1 0.00 2 0.00 2 0.00 1 4.53 1 0.00 I 0.00 49 11.53 

21 24.81  20  39.53  39  65.17 39 62.32  20  39.47 20  11.33  20 0.00 976 1092.13 
9 8.73 9 29.88  18  39.51  18  34.48  9  25.04 9 6.10  9 0.00 441 736.00 

12 
1 
1 
4 
2 
2 
1 
1 
1 
1 
1 
3 
1 
2 
1 

16.08 11 9.65 21 
1.36 1 0.00 2 
1.38 1 0.00 2 
9.79  4 4.63  8 
8.24  2 4.63  4 
1.55  2 0 4  
0.19 1 0.00 2 
1.36 1 0.00 2 
0.00 1 4.20  2 
1.39 1 0.00 2 
0.00 1 0.00 2 
2.16  2 0.82  3 
2.16 1 0.82  2 
0.00 1 0.00 1 
0.00 1 1.34  2 

25.66  21 
8.27  2 
3.13  2 
6.46  8 
1.95  4 
4.51  4 
4.18  2 
0.33  2 
0.56  2 
1.06  2 
3.27  2 
2.91  3 
2.91  2 
0.00 1 
5.07  2 

27.84 11 14.43 1 1  5.23 11 0.00 535 356.13 
2.48 1 1.19 1 0.00 1 0.00 49 24.32 
8.24 1 0.67 1 1.38 1 0.00 49 61.46 

10.95  4 7.73  4 2.48  4 0 196 136.53 
10.07  2 7.11  2 1.13  2 0.00 98 88.26 
0.88  2 0.62  2 1.35  2 0 98 48.27 
0.09  1 0.04 1 0.00 1 0.00 49 23.17 
0.79 1 0.58 1 1.35 1 0.00 49 25.10 
0.76 1 2.93 I 0.00 1 0.00 49 23.81 
0.05 1 0.02 I 1.37 1 0.00 49 26.24 
1.70 1 0.35 1 0.00 1 0.00 49 18.79 
3.66  2 1.54  2 0 2  0 94 64.98 
1.96 I 0.02 1 0.00 1 0.00 49 32.41 
1.70 1 1.52 1 0.00 1 0.00 45 32.57 
1.02 1 1.52 1 0.00 1 0.00 49 28.96 

1 2.19 1 0.00 2  5.80 2  1.92 1  0.91 1 0.00 1 1.60 49 26.47 

1 0.00 1 0.00 2  0.71 2  0.94 1 4.18 1 0.00 1 0.00 49 13.31 

1  4.24 1 0.00 2  1.34 2  2.06 1 1.87 1 0.00 1 2.78 49 27.60 
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Appendix D. Heterogeneity analysis within Kasilof River. 

Populations 

4 0 4  4.41  4 0 4  0.52  4 0 8  5.03  4 0 NE Tustumena  Lake 
8  2.22  8  7.62  8 2.22 8 9.37  8  3.57  16  12.61 8 2.16 Wlthin  heterogeneity groups 

3  2.54 3 6.99  3  2.61  3  6.36 3 4.63 6 5.65 3 2.58 Among heterogeneity groups 

DF sAAT-3 DF mAAT-1 DF mAAT-2 DF ndH-1.2 DF sAH DF A U T  DF CK-A2 

Among drainages' 
within years 

Moose Creek 
Glacier  Flat Creek' 
Niolai Cree!? 
Tustumena  Lake4 

lpopuiations 
Among heterogeneity groups 
W~thin heterogeneity  groups 
NE Tustumena  Lake 

Among drainages 

Wlthii years 
Bear Creek 
Moose Creek 

Glacier  Flat Creek 
Niolai Creek 
Tustumena  Lake 

2 0 2  1.95 2 0 2  0.15  2 0 4  2.77 2 0 
2 0 2  2.46 2 0 2  0.37  2 0 4  2.26 2 0 
1 0 1  2.32 1 0 1  0 1  0 2  1.75 1 0 
1 0 1  0.14 1 0 1  0.37 1 0 2  0.51 1 0 
2  2.22  2 1.26 2  2.22  2 3.9  2 2.18 4 5.53 2  2.16 
1 0 1  1.71 1 0 1  1.01 1 0 2  1.83 1 0 
1 0 1  0.24 1 0 1  3.94 1 1.39  2 0.22 1 0 

DF CK-B DE GAPDH-2 DF G3PDH-4 DF GPI-Bl.2 DF ndDHP-1 DF sIDHP-1 DF LDH-A2 
3 10.19 3  2.62  3  7.06  3  20.16 3 9.78 3 3.18 3 3.40 
8  0.34  8  2.16  8  4.34  8  20.8  8  16.19  8 5.99 8  1.38 

4 0 4   0 4  2.18 4 1.39  4  7.32  4 3.22  4 0 
2 0 2   0 2  2.44  2 0.99 2  4.54  2 3.22  2 0 
2 0 2   0 2  0.34  2  0.4  2 2.78  2 0 2  0 
1 0 1  0 1  0.34 1 0.4 1 0 1  0 1  0 
1 0 1  0 1  0 1   0 1  2.78 1 0 1  0 
2 0 2  2.16  2  0.19 2 11.82  2  7.48  2 0 2  0 
1 0.34  1 0 1  0 1  3.41 1 1.39  1 1.38 1 1.38 
1 0 1  0 1  1.37 1 4.18 1 0 1  1.39 1 0 
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Appendix D. Continued. 

Populations 
Among heterogeneity groups 
Within heterogeneity groups 
NE Tustumena Lake 

Among drainages 
within years 

Bear Creek 
Moose Creek 

Glacier  Flat Creek 
Nkolai Creek 
Tustumena  Lake 

DF  LDH-B2  DFsA4DH-A1,2  DFsA4DH-Bl.2  DF n 1 W - 1  DF PEPA DF PEE DF PEPO1 
3  2.08 3 5.77 3 5.20  3 1.58  6 8.19 3 25.82 3 5.60 
8 9.83 8 6.38 8 1.62 8 3.21  16 2.77  8 15.92 8 2.2 
4  0.73  4  1.78  4 0 4  3.21 8 0 4  7.55  4 0 
2 0.03 2  0.4  2 0 2  1.83 4 0 2  4.77 2 0 
2  0.7  2  1.38  2 0 2  1.38  4 0 2  2.78  2 0 
1 0.35  1  1.38 1 0 1  1.38  2 0 1  2.78 1 0 
1 0.35 1 0 1  0 1  0 2  0 1  0 1  0 
2  0.47  2  4.4  2  1.62  2 0 4  0 2  4.93  2 2.2 
1  1.18 1 0.2 1 0 1  0 2  1.38 1 2.03 1 0 
1 7.45  1 0 1   0 1  0 2  1.39 I 1.41  1 0 

Populations 

4 1.66 4  2.56  4  3.2  4  3.27  108  48.74 NE Tushunena  Lake 
8 8.1 8 9.47 8 3.2 8 4.64 216  158.61 W~thii heterogeneity groups 
3  3.49  3  1.13  3  1.57 3 3.62 81 151.79 Among heterogeneity groups 

DF EM-I  DF E M - 2  DF TPI-1.2 DF TPI-3 DF Overall 

Among drainages 2  0.27  2  1.02  2  1.82 2 3.21 54  29.51 
Wlthin years 2 1.39 2  1.54  2  1.38 2 0 54  19.23 

Bear Creek 

Glacier Flat Creek 
1  1.12  1  0.18 1 0 1  0 27  5.47 Moose Creek 
1  0.27 1 1.36  1  1.38 1 0 27  13.76 

1 0.51 1 0.54  1 0 1  1.37 27 25.44 Tustumena Lake 
1  0.59  1  0.29 1 0 1  0 27 18.2 Nikolai Creek 
2  5.34  2  6.08  2 0 2  0 54  66.23 

'Includes Glacier  Flat Creek 1992,  1993,  1994 
'includes Seepage Creek 1W4 

'Includes Nikolai Creek 1992,  1993 
41ncludes Tustumena  Lake sites 1 and 2 
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Appendix E. Cavalli-Sfom and Edwards (1967) chord distances among sockeye salmon populations in Cook Inlet 

Population 1  2  3  4  5 6 7 8 9 10 11 12 13 14 15 

1. Russian River, h e / e a r l y  
2 .  Russian River, above/late 

4. Ptarmigan  Creek 
3. Russian River, below 

5. Tern Lake 
6 .  Quartz Creek 
7. Btwn Ken/Ski Lakes site 6 
8 .  Btwn Ken/Ski Lakes site 1 

10. Btwn Ken/Ski Lakes site 3 
9. Btwn Ken/Ski Lakes site 2 

11. Btwn Ken/Ski Lakes site 4 
12. Btwn Ken/Ski Lakes site 5 
13. Hidden Creek 

15. Moose Creek, Kenai 
14. Skilak Lake Outlet 

16. Chelatna Lake 
17. Yentna River West Fork 
18. Hewitt/Wniskey Lakes 
19. Shell Lake 
20. h i n i t y b v i e  Lakes 
21. Judd Lake 
22. Byers Lake 
23. Stephan Lake 
24. Larson Lake 
25. Birch Creek 
26. Red Shirt Lake 
27. C o a l  Creek West Fork 
28. Chilligan R i v e r  
29. McArthur River 
30. Wolverine Creek 
31. Crescent Lake site 1 
32. Crescent Lake site 2 
33. Crescent River 
34. Packers Lake 
35. Bear Creek 

37. Seepage Creek 
36. b s e  Creek, TustuTrena 

38. Glacier  Flat Creek 
39. Nikolai Creek 

41. Bishop Creek 
40. TuStumena  Lake 

42. Daniels Lake 
43. N a n c y  Lake 

46. Fish Creek, 92 
44. Cottonwoad Creek 

46. Fish Creek 93/94 

0.0000 
n ndn7 n n o m  
~ . - . - . - . - - - 
0.1325  0.1219 0.0000 
0.1356  0.1277 0.0343 0.0000 
0.1318  0.1214  0.0554  0.0474 0.0000 
0.1401  0.1305  0.0516  0.0411  0.0504 0.0000 
0.1302  0.1214  0.0369  0.0324  0.0503  0.0429 0.0000 
0.1212  0.1143  0.0414  0.0401  0.0496 0.0488 0,0288 0,0000 
0.1289  0.1198 0.0356  0.0370  0.0488 0,0492  0,0381 0.0352 0.0000 
0.1335  0.1213  0.0372  0.0361  0.0500  0.0441 0,0308 0,0350 0,0343 0,0000 
0.1397  0.1281  0.0444 0.0450  0.0490 0.0497 0,0392 0,0429 0,0435 0.0306 0.0000 
0.1344 0.1219  0.0308  0.0346  0.0494  0.0470  0.0304 0.0347 0.0337  0,0303 0,0365 0,0000 
0.1484  0.1343  0.1064  0.1059  0.1048  0.1013  0.1058  0.1050 0,1052 0,1014 0.0991 0,1020 0,0000 
0.1314  0.1208 0.0327  0.0358  0.0481  0.0449 0,0228 0.0283 0.0311 0.0262  0.0347  0.0256  0.1044 0.0000 
0.1373  0.1282 0.0806 0.0712  0.0696  0.0551  0.0745  0.0745  0.0733  0.0733 0,0770 0,0749 0.1038 0.0746 0.0000 
0.1320  0.1263  0.0761  0.0644  0.0654 0.0628 0.0664  0.0645  0.0673  0.0722  0.0709  0.0670  0.1078  0.0674 0,0638 
0.1245  0.1181  0.0632  0.0538  0.0515  0.0542  0.0532 0.0479  0.0514  0.0596 0.0583 0.0541  0.1045  0.0538  0.0602 
0.1438  0.1337  0.0820  0.0754  0.0665  0.0779 0,0740  0,0697 0.0731  0.0741 0,0784 0,0709 0,1177 0,0676 0,0769 
0.1758  0.1652  0.1107  0.1082  0.0971  0.1040 0,1053 0.1030 0.1035 0,1029 0,1078 0,1044 0,1537 0.0992 0,0982 
0.1500  0.1412  0.0962  0.0929 0.0660 0.0923 0.0928 0.0888 0.0920  0.0946 0.0932 0.0911 0.1385 0.0871  0.0968 
0.1417  0.1380  0.0595  0.0594  0.0695  0.0649  0.0563 0,0564 0.0534  0.0643  0.0643  0.0547  0.1173  0.0524 0.0880 
0.1373 0,1317 0.0555  0.0552  0.0599 0.0617 0,0498 0,0494 0.0504  0.0586  0.0581  0.0501  0.0984  0.0457 0,0815 
0.1353  0.1289 0.1026  0.0995 0,0946 0,0991 0,0926 0,0879 0.0970  0.0960  0.0988  0.1005  0.1263 0.0896 0,0990 
0.1463  0.1387  0.0593  0.0623  0.0628  0.0672 0.0561  0.0560  0.0516 0.0623  0.0627  0.0488  0.1216  0.0473  0.0873 

0.1601 0.1467 0.0945 0.0850 0.0788 0.0831 0.0875 0.0834 0.0911 0.0849 0.0881 0.0863 0.1257 0.0850 0.0732 
0.1502 0.1377 0.0616 0.0515 0.0567 0.0551 0.0554 0.0586 0.0543 0.0559 0.0605 0.0466 0.1104 0.0514 0.0667 

0.1618 0.1524 0.0660 0.0570 0,0744 0.0615 0,0641 0,0717 0.0650 0.0659 0.0682 0.0594 0.1225 0.0620 0,0772 
0.1439 0.1310 0.0669 0.0527 0.0620 0.0581 0.0530 0.0640 0.0624 0.0606 0.0634 0,0532 0,1054 0,0590 0.0684 

0.1510 0.1456 0.1012 0.0878 0,1016 0.0838 0,0955 0,0970 0.0960 0.0966 0.1000 0.0358 0.1278 0.0980 0.0770 
0.1375 0.1290 0.0565 0.0504 0.0518 0.0595 0,0506 0,0528 0.0556 0.0492 0.0501 0.0545 0.0984 0.0469 0.0768 

0.1417 0.1319 0.0680 0.0597 0.0559 0.0605 0.0607 0.0632 0.0627 0.0614 0.0617 0.0638 0.1107 0.0574 0.0724 
0.1529 0.1398 0.0779 0.0688 0.0626 0.0671 0.0705 0.0707 0.0690 0.0683 0,0730 0.0659 0.1233 0.0653 0.0667 

0.1516 0.1394 0.0980 0.0887 0.0877 0.0852 0.0917 0.0941 0.0954 0.0930 0.0932 0.0897 0.1236 0.0915 0.0734 
0.1380 0.1304 0.0657 0.0546 0,0506 0,0543 0.0557 0.0541 0.0547 0.0576 0,0594 0,0570 0,1139 0,0522 0.0591 

0.1347  0.1278  0.0604  0.0555 0,0506 0,0548 0.0518  0.0529 0.0562 0,0568 0.0539 0.0563  0,1093 0,0490 0.0690 
0.1337  0.1265  0.0594  0.0539  0.0501 0,0540 0.0510  0.0535  0.0567  0.0565  0.0522  0.0548  0.1065  0.0489  0.0692 
0.1365  0.1297  0.0634  0.0592  0.0556 0.0567 0.0555  0.0570  0.0595 0.0606 0.0581 0.0611 0.1112  0.0521  0.0711 
0.1329  0.1251 0.0611  0.0584  0.0547  0.0586  0.0532  0.0525  0.0570  0.0562  0.0553  0.0585  0.1084  0.0434  0.0730 
0.1355  0.1298  0.0650 0.0608 0,0605 0,0611 0.0566  0.0555  0.0610 0.0606 0,0589 0,0625 0,1103 0,0531 0.0753 
0.1340  0.1250  0.0559  0.0542  0.0503 0,0547 0.0492 0.0531  0.0534 0,0543 0.0548 0.0539 0,1098 0.0453  0.0698 
0.1774 0.1648  0.0988  0.1028 0.0883 0.0320  0.0354  0.0969  0.0916  0.0990  0.0960  0.0920  0.1417  0.0928  0.0987 
0.1728  0.1569 0.0971  0.1047 0.0880 0.0982 0.0954  0.0998  0.0956  0.0982  0.0966  0.0935  0.1336  0.0940  0.1062 
0.1424  0.1323  0.0700  0.0552  0.0526 0.0537 0.0595  0.0597  0.0603  0.0607  0.0623  0.0584  0.1111  0.0596  0.0541 
0.1349  0.1266  0.0939  0.0790 0,0660 0,0788 0,0816 0,0780 0.0838 0.0806 0.0809  0.0859  0.1269  0.0830  0.0778 
0.1560  0.1430  0.1044  0.0972  0.0787  0.0905 0,0947  0,0937 0.0965  0.0953 0.0938 0.0975 0.1268  0.0945  0.0882 
0.1405 0.1318 0.0920  0.0845  0.0652  0.0812 0.0808 0.0765 0.0820 0.0844 0.0824  0.0862 0.1122 0.0814  0.0839 
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Appendix E. Continued. 

Population  16 17 18 19  20  21 22  23  24  25  26  27  28  29 30 

16. olelatna  Lake 0.0000 
17.  Yentna  River  West  Fork  0.0263 0.0000 
18.  Hewitt/whiskey  Lakes 0.0618  0.0539 0.0000 
19.  Shell  Lake 0.0994 0.0919 0.0600 0.0000 
20. hinity/movie  Lakes 0 ,0885  0,0793 0.0643 0.0800 0.0000 
21. Judd Lake  0.0619  0.0579  0.0812  0.1115  0.1003 0.0000 
22. Byers  Lake  0.0537 0,0449 0.0622  0.0976  0.0869 0.0378 0.0000 
23.  Stephan  Lake  0.0815 0.0758  0.0739  0.0921  0.0968  0.0978  0.0816 0.0000 
24.  Larson  Lake 0.0686 0,0597 0,0649 0,0960  0,0822 0.0347  0.0425  0.0989 0.0000 
25.  Birch Creek 0.0525 0.0463  0.0484 0.0842  0.0863  0.0627  0.0541  0.0944  0.0521 0.0000 
26. Red Shirt Lake 0.0721 0,0695 0.0510  0.0595  0.0823  0.1053  0.0863 0.0856 0.0958 0.0623 0.0000 
27. C m l  Creek  West  Fork  0.0702 0,0692 0,0869 0.1085 0.1124  0.0645  0.0683  0.1161 0.0686 0.0521 0.0885 0.0000 
28.  Chilligan River 0.0490 0.0482  0.0609  0.1020  0.0956 0.0688 0.0632  0.0961  0.0663  0.0302  0.0696  0.0603 0.0000 
29. Mcru-thur River  0.0720 0,0610 0.0675  0.0950 0.0904  0.0664  0.0524  0.0771  0.0687  0.0632  0.0763  0.0722  0.0657 0.0000 
30.  Wolverine Creek 0.0578  0.0714  0.0991  0.1207  0.1277  0.0933  0.0925  0.1114 0.1052  0.0792 0.0904 0.0754  0.0741  0.1007 0.0000 
31.  Crescent  Lake site 1  0.0670 0,0577 0.0622  0.0876  0.0836  0.0785 0.0647 0.0828  0.0758 0.0605 0.0632  0.0776  0.0618  0.0460  0.0968 
32.  Crescent Lake site 2  0.0614  0.0545  0,0339 0,0582  0,0730  0,0823 0.0702  0.0849  0,0679 0,0357  0,0395  0,0727 0.0501  0.0674  0.0881 
33.  Crescent River 0.0457  0.0371  0.0431  0.0723  0.0720 0.0635  0.0524 0.0760 0.0586 0.0426  0.0539 0.0650 0.0507  0.0502  0.0790 
34.  Packers Lake 0.0569  0.0645 0,0730  0,0950  0,0961  0,1022 0.0880 0.0953 0,0999 0,0706  0,0545 0.0866 0.0688 0.0919  0.0692 
35.  Bear Creek 0.0548 0,0452 0.0613  0.0870  0.0750  0.0583  0.0465  0.0764  0.0579 0.0606 0.0711 0.0726  0.0644  0.0433  0.0905 
36.  MOOSe Creek, TUStumeM 0.0545 0,0462 0.0650 0.0939  0.0773  0.0603  0.0485  0.0813  0.0601  0.0615  0.0735  0.0724  0.0630  0.0453  0.0903 
37.  Seepage  Creek 0.0579 0,0489  0,0631 0.0856 0.0770  0.0617  0.0496  0.0745  0.0621  0.0645  0.0715  0.0763 0.0686 0.0458  0.0920 
38.  Glacier Flat Creek 0.0616 0,0501 0.0605 0,0843 0,0781  0,0623 0.0489  0.0704 0,0624 0.0643 0.0721  0.0764 0.0688 0.0405  0.0952 
39.  Nikolai  Creek 0.0600 0,0501 0.0606 0.0847 0,0790  0,0627 0.0479  0.0705 0,0637 0.0670 0.0734 0.0806 0.0709  0.0466  0.0944 
40. mtumena Lake 0.0587 0.0481 0,0619 0.0844 0,0749 0.0592  0.0460  0.0753 0.0580 0.0606 0.0697  0.0727  0.0657  0.0425  0.0924 
41. Bishop  Creek 0.0910  0.0817 0,0909 0.0858 0.0927 0,0983 0.0865  0.1156  0.0871  0.0829  0.0907  0.0961  0.1009  0.1048  0.1155 
42. Daniels  Lake 0.1093  0.0958 0,1006 0,0967 0.0987  0.1154  0.0969  0.1223  0.1029  0.0950  0.0939  0.1077  0.1105  0.1018  0.1339 
43. Nancy  Lake  0.0401 0,0335 0.0473  0.0796  0.0809 0,0731  0.0609 0.0853 0,0682  0,0308 0.0484 0.0605 0.0375  0.0611  0.0682 
44. Cottonwmd Creek 0.0754 0,0652 0.0703 0,0989 0.0896 0,1003 0.0932  0.0895  0,0961  0.0748  0.0743  0.1007 0.0680 0.0720  0.1057 
45. Fish  Creek, 92 0.0857 0,0737  0,0690 0.0818  0.0830 0,1186 0.0970  0.0925  0,1075  0.0823  0.0618  0.1132  0.0885  0.0915  0.1177 
46. Fish  Creek  93/94  0.0750 0,0589 0.0636  0.0890 0.0805 0,1014 0.0784 0.0820 0,0938 0.0762  0.0716  0.1054  0.0815  0.0755  0.1137 
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nppendix E. Continued. 

Population 31  32 33 34 35 36 37 38 39 40  41  42 43  44 45  46 

31.  Crescent  Lake  site  1 
32.  Crescent Lake site  2 

0.0000 

3 3 ,  Crescent  River 
0.0512 0.0000 

34.  Packers  Lake 
0.0347  0.0337 0.0000 

35. Bear Creek 
0.0791  0.0648 0.0660 0.0000 

36. Mmse Creek, Tusturrena 
0.0485  0.0612  0.0399  0.0759 0.0000 

37.  Seepage  Creek 
0.0499 0.0645 0.0436  0.0767 0.0142 0.0000 

3 8 .  Glacier Flat Creek 
0.0461  0.0620 0.0404  0.0790  0.0198  0.0201 0.0000 
0.0501 0.0628  0.0440  0.0826  0.0233  0.0261  0.0241 0.0000 

39.  Nikolai  Creek 0.0540  0,0654 0,0454  0,0830 0.0237  0.0281  0.0236  0.0222 0.0000 

41. Bishop  Creek 
0.0433 0,0594 0,0395 0.0773  0.0213  0.0256  0.0224  0.0267 0.0303 0.0000 

42.  Daniels  Lake 
0,0988 0.0824 0,0850 0,0956 0.0871 0.0901 0.0878  0.0914  0.0934 0.0832 0.0000 

43. Nancy Lake 
0.0987 0,0931  0,0961  0,1064 0.0935  0.0948  0.0944 0.0956 0.1001 0.0868 0.0480 0.0000 

44. CottonwMd Creek 
0.0523 0,0330  0,0311 0,0560 0.0532  0.0543  0.0567  0.0581  0.0601  0.0557  0.0815  0.0934 0.0000 

45. Fish Creek, 92 
0.0625 0.0639 0,0599  0,0890  0,0710  0,0722 0.0732 0.0721  0.0760  0.0751  0.1177  0.1214  0.0573 0.0000 

46.  Fish  Creek  93/94 
0,0783 0.0665 0,0738 0.0826 0,0832 0,0850 0,0820 0.0839  0.0844  0.0823 0.0844  0.0835 0.0653 0.0701  0.0000 
0.0688 0.0683 0,0646  0,0878  0,0684  0,0707 0,0690  0.0682  0.0687  0.0692  0.0875 0.0873 0.0603 0.0626 0.0355 0.0000 

40. T U S t W M  Lake 
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Appendix F. Box plots (ranges, and 95% confidence  intervals for the median) fiom allele 
fiequency  distributions among populations of sockeye salmon fiom seven regions of 
Cook Inlet, Alaska 
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INTRODUCTION 

(Oncorhynchus  nerka)  for  the  purpose  of  stock  identification. We  employed three different 
approaches  to  look  for  genetic  markers  that  would  augment  the  extensive  allozymdprotein 
electrophoresis data set  collected  by the ADF&G Genetics Lab. 

The fmt approach  involves the use  of  arbitrary primers in  polymerase  chain  reaction 
(PCR)  amplification  of  genomic  DNA  (AP-PCR).  prior  sequence  knowledge is not  required 
as the  method  relies  on  the  chance  homology  of  the  primer  with the genomic  DNA.  These 
primers are quite  short  (10  DNA  bases)  and the stringency  of  the annealing temperature is 
low  enough  that  typically  products fkom  several  loci are produced with each  primer. 
Polymorphisms are identified  when  some  individuals  fail  to  produce  a  product  presumably 
due  to  a  sequence  difference  which  prevents the primer  fkom  annealing. 

AP-PCR or RAPD  (random  amplified  polymorphic DNA) analysis  has bee: ! used  for  a 
variety  of  studies  due  to its ability  to  detect a virtually  unlimited  number  of  single  copy 
nuclear  DNA  (scnDNA)  polymorphisms.  We  have  verified  the  Mendelian  inheritance  of 
these  polymorphisms  in hll-sib families  of  rainbow  and  westslope  cutthroat  trout.  The 
weakness  of this technique is that the simple  absence  or  presence  of a particular  PCR  product 
results  in  a dominantkcessive genetic  system so that  heterozygotes  cannot be distinguished 
fkom homozygotes. 

Our second  approach  involves looking for  sequence  variation  in  an ineon in  the two 
growth hormone  genes  (GH1  and  GH2)  present  in salmonids. By designing  primers from 
published  DNA  sequences  we  are  able  to  preferentially  produce growth hormone  intron C 
fkom  each of the two genes.  We  proposed to screen  for  variation  using  restriction  enzyme 
analysis  of  introns. 

The  third  approach is to  use  PCR  primers  designed  to  amplify  nuclear  loci  consisting  of 
di-  or  tri-  nucleotide  repeats  known as variable  number  of  tandem  repeat (VNTR) 
polymorphisms.  These  microsatellite loci are highly  variable  and  extremely  common  in the 
nuclear  genome.  Though  most  of these primers  have  been  developed  for a specific  species, 
many of them  will  also  work  on  other  closely  related taxa. We are  acquiring  a  collection of 
these  primers  now  and  screening  sockeye  salmon. 

We examined  nuclear  DNA  variation in populations  of Alaska sockeye  salmon 

METHODS 

Cook  Inlet  fkom ADF&G: Russian  River  (late)  and Skilak Lake  outlet (Kenai River 
drainage),  Moose  Creek  (Kaselof  River  drainage),  and  the  Yentna  River  (Susitna  River 
drainage).  We  extracted  genomic  DNA  using  a  phenol-chloroform  method. 

We obtained  ten  liver  tissue  samples fkom each  of  four  1992  sockeye runs out  of the 

RESULTS 

four  collection  sites.  The  mean  expected  heterozygosity  was  quite  high  for  all  sites,  ranging 
We have  screened  16 RAPD primers. Of 52  loci  scored,  21 were polymorphic  over all 
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from 14% to 31% (Table 1). 'The Yentna  River fish have the largest  number of alleles  and 
the highest mean heterozygosity as well as beiig polymorphic at 95% of scored  loci.  Since 
our Yentna sample  came  ftom a sonar site it  undoubtedly  is  made  up of more than  one 
spawning  population.  Contingency  chi-square  analysis  over all loci  is  highly  significant  even 
removing  the Yentna River fish fYom the analysis.  Cluster  analysis based on Nei's  genetic 
distance  places  Moose  Creek  and Skilak Lake  outlet  closest  (Fig. 1). 

no  restriction site variation  in  either  intron  using  ten enzymes with  four-base  recognition sites 
in  a  survey of 10 fish fi-om  each  sample. 

To  date, we have  successfUlly  amplified  nine  and  scored three microsatellite  loci  in 
sockeye. All four  samples  exhibit  a  high  level of variation  at all three  loci  (Table 2). The 
Russian  River is much less variable than the  other  samples.  Contingency  chi-square  analysis 
is  significant.  The  cluster  analysis  based  on  Nei's  genetic  distance  is the same as that  based 
on the RAPD data except  that the Yentna  sample  clusters  very  closely  with Skilak Lake  outlet 
(Fig. 2). This is probably  not  correct,  however,  since, as stated  above, this sample  is  not 
necessarily fiom a  single  population. 

We are continuing  to  collect data on RAPD and  microsatellite  polymorphisms.  The 
growth hormone  introns  however,  do  not  have  sufficient  variation  to  warrant  continued  effort. 
All three approaches  rely  on  PCR  technology  making  them  quite  rapid  and  amenable  to 
non-lethal  sampling. 

Intron  C eom GHI is  about 820 basepain and ftom GH2 about 550 basepairs. We  found 
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TABLE 1. Genetic  variability at 52 RAPD loci in Alaska sockeye  salmon. 

Mean sample  Mean  no  Percentage 

Size per alleles loci Heterozygosity 

Population Locus per locus polymorphic* (e>rpected) 

Moose Creek 9.4 1.5 47.6 0.182 

(0.1) (0.049) 

Russian River 9.5 1.4 38.1  0.141 

(late) (0.1) (0.046) 

Skilak Lake 
(Outlet) 

9.2 1.5 47.6  0.170 

(0.1) (0.046) 

Yentna  River 8.9 2.0 95.2 0.310 

(0.0) (0.039) 
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TABLE 2. Genetic  variability measures at three microsatellite  loci in Alaska sockeye  salmon. 

Mean  sample  Mean  no.  Percentage  Heterozygosity 

Size per alleles loci 

Population Locus per locus polymo~~hic* observed expected 

Moose Creek 10.0 5.0 100.0 0.767  0.761 
(0.6) (0.088) (0.037) 

Russian River 10.0 4.3 100.0 0.533  0.530 
(late) (1 4 (0.176)  (0.180) 

Skilak Lake  10.0 6.3 100.0 0.900 0.782 
(Outlet)  (1.2) (0.058) (0.059) 

Yentna  River  10.0 5.7 100.0  0.767  0.737 
(0.0) (0.088) (0.063) 
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Objective: 

Our objective was to investigate  restriction  site  variability  in the displacement loop and 
cytochrome b regions (D-looplcyt b) of the mitochondrial  DNA  (mtDNA)  of  Cook  inlet  sockeye 
salmon. To do this we  examined  eighty  sockeye  salmon,  twenty  each  from four different  Cook 
Inlet populations. The analysis  included: 1) isolation of  DNA from eighty  sockeye salmon tissue 
samples provided  by Alaska Department of Fish and  Game  (ADFG);  2)  using  oligonucleotides 
of  sequences  flanking the D-looplcty b region to prime  the  polymerase  chain  reaction  (PCR) 
amplification  of  each  sample;  and 3) digestion  of  the  amplified  products  with thirteen 4 5,  and 
6 base  recognizing  restriction  endonucleases  (Table  1)  selected  by  ADFG  personnel to identify 
restriction  length  polymorphisms  (RFLP’s). 

Results: 

We  could  routinely  observe  fragments as small  200  base  pairs.  Variation  involving  smaller 
fragments  was  not  resolved  (Table 2). Two of the  restriction  endonucleases, Dpn II and RFa I, 
each  revealed a single  variable  site.  We  observed  that  variation  in three of the four  collections 
(Table 3). 

Because of  the  presumed  absence  of  recombination  in  mtDNA,  the  variation  is  considered 
as a  combined  haplotype.  Although all four  possible  haplotypes  were  observed,  the AB and  BA 
haplotypes  were  by far the most  prevalent  (Table 4). Only one AA and two BB haplotypes were 
observed  among the eighty  samples. The Russian  River  (Kenai)  collection  had  only the AB 
haplotype  which  was  the  more  frequent  form  in  the  Sitka  Creek  (Kenai)  and  Nicolai  Creek 
(Kasilof)  samples. The Larson Creek (Susitna)  had  a  somewhat  higher  level  of  BA  haplotypes. 

Although  the  sample size is small for statistical  analyses, we used a Monte-Carlo  method 
to determine  the  significance  of  log-likelihood  ratios (Gtests). The data as a  whole are 
heterogeneous (G = 27.4, 9 df).  That Gstatistic was  not  exceeded in  any of  2000  iterations. 
Removing  the  Russian  River  (Kenai)  collection  from  the  analysis  reducsd  the  heterogeneity (G 
= 8.6, 6 df) and  that  statistic  was  exceeded  in  298  of  the  2000  iterations. The two Kenai 
collections  were  quite  different (G = 11.2, 3 df), a  statistic  that  was equalled or exceeded  in 
only 11 of 2000  iterations (P = 0.0055). Treating  the  data as AB haplotype or not  AB haplotype 
produced  similar  results,  except  that  comparison  among  Nicolai  Creek  (Kasilof), Larson Creek 
(Susitna),  and  Sitka Creek (Kenai)  approached  being  significant (G = 5.878,  2  df).  Only 105 
of  2000  iterations  yielded  larger  statistics. 

Photo  copies  of  the  raw data are attached. 
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Table 1. Recognition  sequences of restriction  endonucleases used to digest  polymerase 
chain  reaction  (PCR)  amplified mitochondrial DNA from  sockeye  salmon 
(Oncorhynchus  nerka) sampled in Cook  Inlet, Alaska streams.  Commonly used 
isoschizomers are in parentheses. 

Restriction 
enzyme 

Apa I 

Ava I 

E m  II (a024 I) 

EsfN I (&OR 11) 

EstU I 

Dde I 

Dpn 11 (Sau3A I) 

Dra I 

HhaI 

Hinc 11 (Hind II) 

Hinf I 

Rsa I 

Taq 1 

Recognition 
sequence 

GGGCC .1 C 

C & YCGRG' 

GRGCY & C 

CC .1 (A/T)GG 

CG .1 CG 

C & TNAG 

& GATC 

T T T 4 A A A  

GCG  C 

GTY 4 RAC 

G4ANTC 

GT 4 AC 

T 4 CGA 

* R is any purine,  Y is any  pyrimidine,  and N is any base. 
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Table 2. Estimated  mitochondrial  DNA  fragment sizes [in base pairs (bp)]. Fragments 
result from restriction  endonuclease  digests of the  displacement 
loop and  cytachrome b regions  of  mitochondrial DNA. This region 
was amplified by polymerase.  chain  reaction  (PCR)  using  tissue 
from sockeye  salmon (Oncorhynchw nerka) sampled in CookInlet, 
Alaska streams. 

Fragment 
Size 

Fragment 
Size 

Restriction  Restriction 
enzyme  common  valiant  enzyme common variant 

Apa I 2,500 Dra I 2,500 

Ava I 2,150 
350 

Ban II 1,400 
1,100 

BstN I 975 
525 
400 
225 
225? 
150 

Him 11 2,025 
475 

Hinf I 

Hha I 

BstU I 2,050 
450 

Rsa I 
Dde I 650 

475 
375 
250 

Dpn 11 1,050 
600 
575 
350 

Toq 1 
1,050 
(475 + 125?) 
575 
350 

725 
700 
550 
275 
250 

875 
700 
500 
275 
250 

925  (525  +400) 
800 800 
425  425 
350  350 

950 
750 
700 
175? 



Table 3. Vnriation at recognition sites of restriction endonucleasa Rsu I and Dpn II for sodreye salmon sampled 
from Cook Inlet, Alaska. The nature of the variation is presented in Table 3. No other variation was 
observed. "A" denotes that the  variable site was not cut and "B" that the site was cut. 

Restriction endonuclease 

source Sample D p n  II Rsa I 

Susitna River 
Larson Creek 

1 
2 
3 
4 
5 
6 
7 
8 

10 
9 

11 
12 
13 
14 
15 
16 
17 
18 

20 
19 

B 
B 
B 
B 
A 
B 
A 
B 
B 
A 
B 
B 
A 
B 
A 
B 
A 
B 
A 
A 

A 
A 
A 

B 
A 

A 
B 

A 
A 

B 
B 
B 
A 
B 
B 

B 
A 

A 
B 
B 

Restriction endonuclease 

source Sample Dpn II Rsa I 

Kasiiof River 
Nikolai Creek 

1 
2 
3 
4 
5 
6 
7 

9 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

B A 
A B 
A B 
B 
A B 

A 

A B 
A B 
A 
B 

B 

A 
A 
B 

A B 
A B 

B 
A B 

A 
A B 
B A 
B A 
A 
A 

B 
B 

A B 
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Table 3 (continued). 

Restriction endonuclease Restriction  endonuclease 

source Sample Dpn II Rsa I sourcc Sample DpnII Rsa I 

Kenai River 
Sitka Lake outlet 

1 
2 

A 
A 

3 A 
4 B 
5 A 
6 
7 

A 
A 

9 
8 B 

A 
10 B 
11 A 
12 A 
13 A 
14 A 
15 A 
16 
17 

A 

18 
B 
B 

19 
20 

B 
A 

B 
B 
B 

B 
A 

A 
B 
A 
B 
A 
B 
B 
B 
B 
B 
B 
A 
A 
A 
B 

Kenai Rives 
Russian  River (late above falls) 

1 
2 

A 
A 

4 
3 A 

A 
5 A 
6 A 
I A 
8 A 

10 
9 A 

A 
11 A 
12 A 
13 A 
14 A 
15 A 
16 A 
17 A 
18 
19 

A 

20 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
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Table 4. Haplotype  frequencies  observed  for  restriction  site  variation of Dpn II and 
Rsu I in Cook  Inlet sockeye salmon. In the haplotypes  the Dpn II site is 
listed  before  the Rsu I site. 

Haplotype 

AA AB BA BB Total 
Source 

Susitna  River 
Larson  Creek 1 7 11 1 20 

Kasilof  River 
Nicolai  Creek 0 14 6 0 20 

Kenai  River 
Sitka  Creek  outlet 1 13 6 0 20 

Russian  River 
(late  above  falls) 0 20 0 0 20 
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