
  
 
 
 
 
 
 
 

Chief Joseph Kokanee Enhancement Project 
Project No. 199501100 

2005 and 2006 Annual Report  
 

Prepared for  
Bonneville Power Administration 

Portland Oregon 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ii

 CHIEF JOSEPH  
 
 KOKANEE ENHANCEMENT 
 

PROJECT 

2005/2006 ANNUAL REPORTS 
 
 
 
 

 CONFEDERATED TRIBES  
 OF THE COLVILLE INDIAN RESERVATION 
 
 

BPA Project No. 9501100 
Report prepared for 

Tracy Hauser 
 

Project Funded By 
 

United States Department of Energy 
Bonneville Power Administration 

Division of Fish and Wildlife 
Portland, Oregon 

 
Report Prepared by 

Richard LeCaire and Bret Nine 
Fisheries Biologist II 

Colville Tribe Fish and Wildlife 
 
 
 
 



 iii

Acknowledgements 
 
We gratefully thank the following agencies and tribes for their input and guidance; the 
Lake Roosevelt Fisheries Monitoring Project, The Lake Roosevelt Fisheries Management 
team, the Lake Roosevelt Hatchery Coordination Team, the Spokane Tribe of Indians and 
the Washington Department of Fish and Wildlife. For their fisheries expertise we thank 
Dr. Alan T. Scholz and his staff at Eastern Washington University. For providing editing 
and guidance for this project we especially thank Mr. Joe Peone, Director, Colville Tribal 
Fish and Wildlife, Jerry Marco, Senior Fisheries Biologist, Sheri Sears and Monte Miller, 
Fisheries Biologists for their input into the direction of this project.  We further Thank 
Jeff Palmer, Kevin Clark and Lucky Shifflet for their restoration work at 30- Mile and 
Bridge Creeks. For clerical staff support we thank Cindy McCartney, Colette Adolph, 
Marie Duran, Shelly Clark, Shelly Davis, Vivian Pierre and Raynne Innes, Additional 
thanks goes to Bonneville Power Administration who provided funding for the project. 
We also thank Tracy Hauser and Roy Beaty for their support and advice regarding Pisces, 
SOWS, work elements etc. 
 
This project is funded by a contract between the Confederated Tribes of the Colville 
Indian Reservation and Bonneville Power Administration as partial mitigation for 
fisheries losses resulting from the construction of Grand Coulee Dam.  The project is 
funded as contract 24422, project No. 1995-011-00. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iv

Table of Contents 

Acknowledgements ........................................................................................................iii 

Table of Contents ...........................................................................................................iv 

List of Tables ..................................................................................................................v 

Introduction.....................................................................................................................1 

Description of Study Area ...........................................................................................2 

Project Goals ...............................................................................................................3 

Results and Conclusions by Work Element......................................................................5 

Work Element A:  Produce Environmental Compliance Documentation ......................5 

Work Element B:  Install Fish Monitoring Equipment .................................................5 

Work Element C: Collect/Generate/Validate Field and Lab Data .................................5 

2005 ............................................................................................................................6 

2006 ............................................................................................................................9 

Work Element D: Analyze/Interpret Data ..................................................................16 

Work Element E: Coordination..................................................................................16 

Work Element F:  Outreach and Education ................................................................17 

Work Element G: Produce Annual Report .................................................................18 

Work Element H: Manage and Administer Projects ...................................................18 

Work Element I: Other ..............................................................................................18 

Work Element J: Produce Pisces Status Report..........................................................22 

Literature Cited .........................................................................................................23 

Attachment 1.................................................................................................................25 

 



 v

List of Tables 

 
Table 1.  Summary of water quality parameters at Big Sheep Creek 2005.  7 
 
Table 2.  Summary of fish collected at Big Sheep Creek 2005.   7 
 
Table 3.  Summary of fish collected at Nespelem River 2005.   8 
 
Table 4.  Summary of fish collected at Big Sheep Creek 2006.   11 
 
Table 5.  Summary of water quality data collected at Big Sheep Creek 2006. 11 
 
Table 6.  Summary of fish collected at Nespelem River 2006.   12 
 
Table 7.  Summary of fish collected at San Poil River 2006.    14 
 
Table 8.  Summary of fish collected using gillnets at Grand Coulee Dam.  19 
 
 
 

List of Figures 
 

Figure 1.  Map of Lake Roosevelt and Lake Rufus Woods.    4 
 
Figure 2.  Temperature data for Nespelem River 2006.    13 
 
Figure 3.  Temperature data for San Poil River 2006.    15 
 
Figure 4.  Upstream view of bottomless arch culvert installed at 30-mile creek. 21 
 
Figure 5.  LWD installed over Bridge creek downstream toward San Poil River. 21 
 

 
 
 
 

 
 



 1

Introduction 
 
The completion of Grand Coulee Dam and Chief Joseph Dam on the upper Columbia 
River completely extirpated anadromous fish stocks and reduced the resident fish 
assemblage.  As partial mitigation for anadromous salmon loss, kokanee salmon 
(Oncorhynchus nerka) and rainbow trout (Oncorhynchus mykiss) were selected as 
replacements for lost salmon stocks due to their historic significance to Native American 
cultures and have been stocked in Lake Roosevelt since 1987.  However, natural origin 
kokanee have successfully reproduced in Lake Roosevelt and Lake Rufus Woods since 
the extirpation.  Specific stock origin, abundance, productivity, and an adequate 
understanding of the environmental factors affecting recruitment of the natural 
production kokanee were lacking until 1995 and the initiation of the Chief Joseph 
Kokanee Enhancement Project.   
    
Kokanee production (natural origin) in Lake Roosevelt has continued to decline since the 
inclusion of the Chief Joseph Kokanee Enhancement Project.  Data collected since 1995 
indicates a highly variable natural population of kokanee.  A total of 11 kokanee have 
been captured from three tributaries since 2002 (LeCaire 2002, 2003, 2004, 2005).  Field 
sampling by the Spokane Tribe of Indians indicated that wild kokanee comprise less than 
1% of the relative abundance compared to hatchery kokanee (4%) (Lee et al. 2003; 
Scofield et al. 2004).  During the summer trout derby, wild kokanee comprised 37% of 
the kokanee harvest compared to 67% hatchery (McLellan et al. 2004).  In contrast, 
during the winter test fishery, 88% of the kokanee harvested were of wild origin.  Due to 
seasonal and equipment biases, the actual proportion of natural origin kokanee compared 
to hatchery origin kokanee is uknown.  A number of data gaps exist including the actual 
contribution of natural origin kokanee to the Lake Roosevelt fishery, stock origin, 
spawning location and time, size and age at recruitment and predation (McLellan 2005).  
Refinements in collection techniques, especially in enumeration studies, are being 
adjusted to more accurately assess the natural origin population.  Additionally, a trapping 
survey, conduct by WDFW in 2007, could provide key information about the amount of 
juvenile immigration from the Columbia River in Canada including their contribution to 
the natural origin stock. 
 
In 2003, a genetic evalutation of kokanee captured in Lake Roosevelt was conducted.  
The study was completed in 2006 and final analysis indicated a mixed population 
consisting mostly of San Poil River with some evidence of upper Columbia River stocks 
including Norns Creek and Hill Creek Hatchery (Loxterman and Young 2003).  The 
Nespelem River (Lake Rufus Woods) and San Poil River (Lake Roosevelt) had a similar 
relationship that possibly pre-dates the construction of Grand Coulee Dam or is a result of 
entrainment below the dam (Loxterman and Young 2003).  Both Lake Whatcom and 
Meadow Creek kokanee stocks have been stocked in Lake Roosevelt but it is unknown 
what contribution they have to the native population.  Meadow Creek stock has been 
found to outperform Whatcom stock.  Further genetics analysis evaluating data gaps in 
the 2006 report are being planned and should provide further information to the origin of 
native stocks. 
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In May 2004 Big Sheep Creek was selected as an experimental tributary, to test a new 
release strategy.  The tributary was selected because of its habitat and its history of 
supporting a small kokanee run established by U.S. Fish and Wildlife Service in the early 
1980’s.  A locally adapted kokanee stock (Meadow Creek) was selected from British 
Columbia, Canada that was found to outperform the coastal Lake Whatcom stock and has 
become the preferred stock of the enhancement effort.  Approximately 322,000 thermally 
otolith marked Meadow Creek fry were released into Big Sheep Creek in 2004.   It is 
expected that the 2004 plants will return in the fall of 2007. 
 
Analysis of entrainment data collected during a 42-month study period by this project 
determined that entrainment is substantial and may pose the single greatest threat to 
efficient fisheries management efforts in Lake Roosevelt (LeCaire 1999; Sullivan 2000).  
Entrainment analysis identified the third power plant as entraining the greatest number of 
fish annually.  Species composition studies conducted in the forebay area of Grand 
Coulee Dam during the same 42 month period coinciding with the entrainment study 
were statistically inconclusive however, kokanee and rainbow trout made up the bulk of 
the sample component.  
 
Following recommendations of the Independent Scientific Review Panel, the project 
refocused its effort. The ISRP further suggested that a recent strobe light test in the 
Dworshak reservoir showed promise as a deterrent to entrainment.  From 2002 to 2004 
six strobe lights were suspended in the middle of the third powerhouse forebay at Grand 
Coulee Dam.  Results indicate an attraction by fish towards the lighted regions during 
night and at low velocities.  However there were some indications that showed avoidance 
during high flow conditions.  The 2005 study, the last in a series of tests, examined strobe 
light efficacy at the penstock opening of power unit 23 and determined that strobe lights 
were not an adequate mechanism for deterrence. 
 
Description of Study Area 
 
The Chief Joseph Kokanee Enhancement project area incorporates both Lake Rufus 
Woods and Lake Roosevelt (Figure 1).  The Colville Indian Reservation and “north half 
Colville Reservation” border the entire north shore of both systems. The major 
contributors to these fisheries are walleye (Sander vitreum), rainbow trout 
(Oncorhynchus mykiss), kokanee (Oncorhynchus nerka), smallmouth bass (Micropterus 
dolomieui), lake whitefish (Coregonus clupeaformis), and burbot (Lota lota).  Mountain 
whitefish (Coregonus williamsoni) support mid-winter tributary fisheries. 
  
Lake Rufus Woods is the impoundment created upon the completion of Chief Joseph 
Dam in 1956.  It extends upstream a distance of approximately 82 km to below Grand 
Coulee Dam at river mile 596.6.  The Nespelem River is the only major tributary to the 
system and a waterfall 1.5 miles from the confluence with Lake Rufus Wood blocks 
adfluvial salmonid migrations.   
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Lake Roosevelt is the impoundment located behind Grand Coulee Dam and is the largest 
reservoir in Washington extending 243 km.  Flood control operations at Grand Coulee 
Dam reduce water elevation up to 24 m during the months between January and June to 
create room for the spring freshet.  The current management plans have recently called 
for a three-meter reduction in water level to facilitate anadromous fish migrations 
downstream in late summer.    
 
Project Goals 
 
In an effort to effectively manage and evaluate natural origin and hatchery 
supplementation kokanee populations in Lake Rufus Woods and Lake Roosevelt, specific 
objectives included: 
 

1. Continued monitoring and assessment of adult kokanee spawner 
escapement in Nespelem River, San Poil River and Big Sheep Creek. 

 
2. Assess the specific origin of kokanee stocks comprised of tributary 

spawning populations and the “free ranging” kokanee populations in 
Lake Roosevelt and Rufus Woods Reservoir and the upper Columbia 
River in B.C. using micro satellite DNA.  

 
3. Test the efficacy of strobe lights at the third power plant forebay 

penstock opening at Grand Coulee Dam (2005). 
 

4. Coordinate with other BPA projects to release kokanee fingerlings into 
Big Sheep Creek and Gold Creek. 
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Figure 1.  Map of Lake Roosevelt and Lake Rufus Woods. 
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Results and Conclusions by Work Element  
 
Work Element A:  Produce Environmental Compliance Documentation 
 
Work Element Title: Collection Permit 
Deliverable: Federal, State and other necessary permits 
 
A section 10 permit was applied for and obtained from the U.S. Fish and Wildlife Service 
8/25/05 for Big Sheep Creek, Nespelem River and Lake Roosevelt.  The permit was 
granted through 2009.   
 
Work Element B:  Install Fish Monitoring Equipment 
 
Work Element Title:  Spawning Escapement Enumeration Weirs 
Deliverable:  Functional and daily-maintained traps. 
 
Enumeration data was collected on the Nespelem River, San Poil River and Big Sheep 
Creek using picket weirs in 2005 and 2006.  The weir traps were installed and in 
operation between 15 August and 30 August in 2005 and August 15, 23 (San Poil and 
Big Sheep) in 2006.  The traps were monitored through 8 November 2005 and November 
2nd (San Poil), 3rd (Big Sheep Cr), and 7th (Nespelem) in 2006.  The traps included a 
large holding box (1 m x 1m x 2.7 m long); two side panels were placed into the down 
stream end of the holding box in the form of a V that helped channel fish into the trap.  
Additional panels (baffles) were placed inside the box to help prevent escapement and to 
slow water velocity to prevent mortality.  Tripods were placed diagonally downstream 
from the live box.  The tripods were approximately 1.5 m long with the back post made 
adjustable to add a degree of slope to the panels.  The tripods were then attached to the 
live box and to each tripod using wire.  Each tripod had two cross bar with a series of 
holes (22) drilled in them for the 1.5 m aluminum tubing.  Once the tripods were in place 
the aluminum tubing was placed through the crossbars so that all the holes were filled 
making a complete barrier across the tributary.   
 
The traps were checked almost every day between 15 August and 8 November in 2005 
and between the traps set date and pull date in 2006.  The Spokane Tribe, Colville Tribe 
and Eastern Washington University employees shared in the daily maintenance of the Big 
Sheep Creek trap while the Colville Tribe maintained the Nespelem and San Poil Rivers.  
Each day the trap was checked, debris was cleaned off the trap and the appropriate data 
(species, length, weight, sex, origin (wild or hatchery) marks, and release location) from 
each fish was taken. Temperatures were collected using a Tidbit thermograph and water 
height for Big Sheep Creek using a staff gauge.      
 
Work Element C: Collect/Generate/Validate Field and Lab Data  
 
Work Element Title:  Kokanee Spawning Ground and Adult Trapping Survey 
Deliverable:  Collection of kokanee tissues for genetic analysis by WDFW.  
Enumeration data collected and presented in this report.    
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2005 
 
The Spokane Tribe collected water quality data on 4 April 2005 and weekly from 15 
August through 8 November near the Big Sheep Creek weir trap.  Water quality 
parameters were measured using a Hydrolab Surveyor 4a and included: temperature, pH, 
turbidity, conductivity, dissolved oxygen, total dissolved gas, and total dissolved solids 
(Table 1).  Each parameter was measured twice, and the average was used in the analysis.  
No water quality data was taken on Nespelem and San Poil Rivers. 
 
Water quality at Big Sheep Creek appeared stable with water temperatures and dissolved 
oxygen levels well within the optimal levels for kokanee (Table 1).  Daily temperatures 
recorded from the Tidbit thermograph showed a range of 14.3° C in August to 4.0° C in 
November.  Staff results were inconclusive.  Varying results were due to timing when the 
gauge was read (pre or post trap cleaning).  The trap was operational for 85 days, in 
which no major problems occurred.  Two rainbow trout, four kokanee, and one mountain 
whitefish were collected (Table 2).  All fish were released upstream of the trap.  Three of 
the kokanee were wild origin and too large to be part of the initial fry release.  No data 
was collected on the fourth kokanee, which escaped before personnel could gather it.  
   
Enumeration data collected at the Nespelem weir trap captured a total of one wild origin 
kokanee and ten german brown trout (Salmo trutta) (Table 3).  Daily foot survey’s, 
observed kokanee redds (~3) downstream of the trap.  Five to six kokanee were observed 
below the trap on October 3rd that was never captured in the weir trap.  A few kokanee 
were observed above the trap and were suspected of entering the system before trap 
installation.  Future sampling protocols for the Nespelem will include moving the trap 
location closer to the confluence to increase the accuracy of the data collected and also 
installation of the trap early in the year.   
 
No enumeration data was collected on the San Poil River due to the extreme low flows.  
A total of four-foot surveys were conducted at sites located at the confluence, Bridge 
Creek Bridge, mouth of 30 Mile Creek, and at the confluence of Gold Creek and West 
Fork Creek.  No kokanee were observed. 
 
Genetic tissue samples were collected from almost all fish collected in weir trap boxes 
and gill net surveys conducted by the Chief Joseph Enhancement Team and WDFW.  All 
samples were preserved in 100% ethanol and delivered to WDFW genetics laboratory in 
Olympia for analysis.  Samples consisted of 11 native origin kokanee from the Joint Test 
Fishery 2004, 33 native origin from the Joint Test Fishery 2005, 42 native origin from 
Lake Roosevelt at Large 2004, 46 and 25 native origin from Spokane Tribal Kokanee 
Derby 2004 and 2005 respectively.  Additional samples were collected from Canada 
including: 200 samples from Meadow Creek, 33 from Norn’s Creek and 87 from 
Christina Lake.  Tissues samples were also collected in 2006 but were not analyzed by 
WDFW genetics laboratory. 
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Table 1.  Summary of water quality parameters; temperature (T), dissolved oxygen 
(D.O.), conductivity, turbidity, total dissolved gas (TDG), pH, total dissolved solids 
(TDS), and total gas saturation (Tot Sat), measured at Big Sheep Creek in 2005. 
 

Date 
Temp 
(°C) 

D.O. 
(mg/l) 

 Conductivity 
(µS/cm) 

Turbidity 
(NTU) 

TDG 
(mmHg) pH

TDS 
(mg/l) 

Tot % 
Sat. 

4/4/2005 5.10 13.38 133.30 0.00 743.00 8.40 85.30 102.58
8/15/2005 15.05 13.45 163.90 13.05 726.00 8.89 104.85 100.05
8/30/2005 13.55 10.43 173.60 9.95 723.00 8.77 111.10 99.03 
9/8/2005 12.48 10.37 179.00 864.35 717.00 8.69 114.60 99.23 
9/15/2005 12.80 11.07 186.90 732.85 719.50 8.74 119.60 99.13 
9/20/2005 11.90 11.21 193.65 143.85 715.50 8.61 123.85 98.18 
9/27/2005 9.98 13.12 194.30 4.80 710.50 8.65 124.30 97.43 
10/4/2005 8.98 11.67 192.40 8.65 718.00 8.60 123.15 98.05 

10/11/2005 8.75 11.15 193.20 0.00 701.00 8.69 123.65 96.15 
10/20/2005 9.05 12.33 185.68 4.13 799.00 8.81 118.83 109.43
10/25/2005 7.90 12.59 189.73 2.27 705.33 8.90 121.47 97.62 
11/8/2005 3.29 13.58 182.25 0.00 707.50 8.61 116.65 96.24 

 
 
Table 2.  Summary of fish collected in Big Sheep Creek trap 2005.  Total length (TL), 
Weight (Wt), sex, reproductive condition (Rep. Con.), origin (wild or hatchery), and 
release location. 
 

Date Species TL (mm) Wt (g) Sex Rep Con Origin Release 
8/26/2005 RB 62    W Above Trap
8/30/2005 K       
9/2/2005 RB 62    W Above Trap

9/27/2005 K 560 1200 F M W Above Trap
10/7/2005 K 385  F R W Above Trap
10/11/2005 K 413 680 M R W Above Trap
10/10/2005 MWF 279         Above Trap
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Table 3.  Summary of fish collected at Nespelem River Trap 2005.  Fork length (FL), 
Weight (WT), sex, reproductive condition (Rep Con), origin (wild or hatchery), and 
release location. 

Date Species FL (mm) WT(g) Sex  Rep Con Origin  Release 
9/27/2005 KOK 386 - F Unk Wild Above Trap
10/??/2005 GBT 470  M   Above Trap
10/19/2005 GBT 570  M   Above Trap
10/19/2005 GBT 440  F   Above Trap
10/19/2005 GBT 330  F   Above Trap
10/20/2005 GBT 570  F   Above Trap
10/20/2005 GBT 500  M   Above Trap
10/20/2005 GBT 443  M   Above Trap
10/24/2005 GBT 550  M   Above Trap
10/26/2005 GBT 642  M   Above Trap
11/4/2005 GBT 410   F     Above Trap
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2006 
 
Big Sheep Creek – A picket weir trap was installed on 23 August 2006.  A total of 2 
kokanee were collected inside the trap box and 6 more were found dead on the weir 
(DOW) (Table 4).  Kokanee found DOW had their heads removed for future otolith 
extraction and analysis as part of a mark recapture study to analyze stock performance.  
Sizes ranged from 405 mm to 460 mm in length and had an average weight of 741 g (3 
kokanee weighed).  All kokanee captured were of wild origin (based on no missing fin 
clips).  Kokanee were captured between 9/21 and 10/6 and those found dead on the weir 
captured between 9/27 and 10/6.  A foot survey conducted on September 29 identified 20 
unmarked kokanee above the trap near the waterfalls.  These presumable escaped capture 
by the weir trap or migrated above the trap location before trap installation.  
 
An Onset temperature logger was installed on the trap but malfunctioned within a few 
short days of placement resulting in no temperature data.  However the Spokane Tribe of 
Indians collected temperature on a weekly basis and their data provided in Table 5. 
 
In 1989, approximately 1500 kokanee returned to Big Sheep Creek as a result of the 
introduction of 3000 eyed kokanee eggs in 1982 (LeCaire 2002).  Kokanee numbers have 
since decreased to nearly a half dozen per year.  The factors limiting their survival are 
currently unknown.  However, escapement numbers over the last 10 years may have been 
underestimated.  Foot surveys conducted on Big Sheep Creek in 2006 found 27 unmarked 
kokanee above the picket weir indicating a fault in the trap or kokanee made a migration 
that preceded the installation of the trap.  Due to the extreme temperatures in Lake 
Roosevelt, kokanee may be seeking refuge in cooler tributaries possibly a month early.  
Kokanee have been identified in the San Poil River as early as July and at a distance in 
excess of over 15 miles from the confluence with Lake Roosevelt (Sheri Sears personal 
communication 2006).  Future analysis of kokanee escapement will assess migrations 
starting July 1st while documenting/analyzing temperatures in both the reservoir and 
tributary during their migration times.   
 
Nespelem River – A picket style weir was installed on 15 August 2006 approximately 250 
meters from the confluence with Lake Rufus Wood.  A total of 25 kokanee (6 hatchery, 
19 wild) were collected inside the trap box along with 4 burbot, 7 german brown trout, 
and 3 rainbow trout.  Kokanee sizes ranged from 285 mm to 553 mm (FL) (Table 6).  
Bald eagles were observed at the confluence of Nespelem River eating kokanee and 
rainbow trout in late August.  Additionally, foot surveys above the trap observed 4 dead 
kokanee and 2-paired kokanee located beneath the barrier falls on 9/6/06.  None of the 
kokanee observed above the trap were marked indicating that they had either escaped 
capture by passing through or between trap pickets or migrated in advance of trap 
placement.  Two migrations were observed; the first occurred between 8/18/06 and 
9/7/06 (mean FL 361.3 mm) and the second between 9/27/06 and 10/16/06 (mean FL 
429.7 mm). 
 
Temperature data was collected using an Onset temperature logger from August 31, 2006 
to November 7, 2006.  Water temperature ranged from 1°C to 17°C and averaged 
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11.69°C (Figure 2).  During the time between the first captured kokanee and the last, 
temperature ranged from 8°C to 17°C. 
 
San Poil River – A picket style weir was installed on 8/29/06 approximately 100 meters 
above the confluence with Lake Roosevelt.  A total of 3 kokanee were captured ranging 
from 290 mm to 452 mm and consisted of two-hatchery origin kokanee and one wild 
origin kokanee (Table 7).  Fourteen rainbow trout and two burbot were also captured.  
Five-foot surveys were completed at four locations between 9/6/06 and 9/20/06.  Of the 
four locations only one indicated the presence of migrating kokanee that included a total 
of 7 kokanee, none of which were captured during trapping surveys at the mouth.   
 
Temperature data was collected using an Onset temperature logger from September 12, 
2006 to November 2, 2006.  Temperatures ranged from 0° to 20°C with an average 
temperature during the trapping period of 9.9°C (Figure 3).  
 
The Kettle River, San Poil River, and Big Sheep Creek have all been identified in 
previous surveys as having the greatest potential of providing spawning/rearing habitat in 
the blocked area (Fulton and Laird, no date; Bennett and White 1977).  Incubation studies 
for all three tributaries indicated excellent survival with hatchability rates ranging from 
77% to 93% (Bennett and White 1977; Fulton and Laird no date).  In an attempt to utilize 
the potential habitat of these tributaries, a supplementation effort was conducted that 
added over 1.3 million fry in Big Sheep Creek and approximately 120,000 kokanee 
fingerlings in the San Poil River.  Both tributaries received an in basin stock out of 
Meadow Creek, British Columbia.  The Meadow Creek stock was found to outperform 
other stocks used in supplementation efforts (McLellan 2003).  These fish are expected to 
return in 2007 and 2008. 
 
Other key findings- A substantial amount of information exists on the San Poil River and 
Big Sheep Creek however, information on the Kettle River is lacking.  During daily 
monitoring (2006), project personnel made cursory observations of the Kettle River at 
Barstow Bridge, Sand Creek Bridge, Orient Bridge and Napoleon Bridge on their way to 
Big Sheep Creek and detected at least a dozen red kokanee below the Barstow Bridge.  
Anecdotal evidence also indicates a spawning population near Cascade Falls in British 
Columbia but no hard data has been taken.  Co-managers have identified the Kettle River 
as a huge data gap and could possibly be a future direction for this project. 
 
Cursory observations were also made at Barnaby Creek.  On a number of occasions there 
were at least a dozen kokanee at the culvert entrance from August to October.  One 
kokanee was also detected in the Creek approximately a quarter mile above the culvert 
entrance.  Barnaby Creek has produced a fairly large number of adult spawning kokanee 
in the past (100-600 estimated) and has good habitat for successful reproduction.  Fulton 
and Laird (no date) documented over 362 miles of tributary streams were inaccessible 
due to natural or artificial obstructions that have good spawning and rearing habitat. This 
project proposed to examine the feasibility of providing fish access to Barnaby Creek at 
the culvert entrance which blocks migrations during lower water elevations.   
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Table 4.  Summary of fish captured at Big Sheep Cr including total length (mm), weight 
(g), sex and origin (hatchery or wild).  All live captures were released above the trap. 
 

Date CCT # Species TL(mm) Wt (g) H/W Sex Hd # Comments
09/21/06 SH1 KOK 412 NA W F   
09/26/06  KOK 405 580 W M  WDFW 
09/27/06  KOK 460 NA W M 1 DOW 
09/29/06  KOK 452 NA W M 2 DOW 
10/04/06 BS2 KOK 447 950 W M 3 DOW 
10/04/06 BS3 KOK 408 694 W M 4 DOW 
10/05/06 BS4 KOK 450 NA W M 5 DOW 
10/06/06   KOK 420 NA W M 6 DOW 
 
 
Table 5. Summary of Big Sheep Creek water data collected by the Spokane Tribe of 
Indians.   
 

Date Time Discharge 
(ft3/s) 

Mean 
Velocity 

(ft/s) 

Mean 
Temp 
(°C) 

Mean 
Dissolved 
Oxygen 
(mg/l) 

Mean Total 
Dissolved 
Gas (%) 

6/22/2006 10:22:53 357.5 1.3 10.5 10.4 99.2 
7/26/2006 9:36:24 42.3 1.1 17.8 9.4 103.1 
8/16/2006 12:07:08 39.9 1.2 16.1 9.7 104.1 
8/24/2006 10:36:39 32.5 1.0 15.3 10.0 103.4 
8/31/2006 11:00:00 35.4 1.2 13.0 10.5 103.6 
9/7/2006 11:40:51 26.3 0.9 15.7 9.8 104.4 

9/14/2006 11:14:43 25.9 0.9 11.3 10.4 101.7 
9/21/2006 11:04:12 30.4 1.1 11.1 10.8 100.0 
9/28/2006 11:01:09 28.8 1.2 11.9 12.7 102.1 
10/5/2006 13:41:09 28.8 1.0 11.4 14.7 101.6 
10/12/2006 11:48:56 22.0 0.9 6.9 12.6 103.4 
10/19/2006 10:47:58 25.3 1.0 7.1 11.9 101.4 
10/26/2006 10:41:21 23.5 1.0 4.7 13.2 101.8 
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Table 6.  Summary of fish captured at Nespelem River including total length (mm), 
weight (g), sex and origin (hatchery or wild).  All live captures were released above the 
trap.  Bolded text indicates first kokanee migration and Italics indicates second migration. 
 

Date Species FL(mm) Wt (g) H/W Sex 
08/16/06 BUR 485 NA NA NA 
08/25/06 BUR 540 NA NA NA 
10/03/06 BUR 605 NA W NA 
10/05/06 BUR 510 NA NA NA 
09/21/06 GBT 488 NA NA NA 
10/05/06 GBT 535 NA NA M 
10/11/06 GBT 554 NA NA NA 
10/16/06 GBT  NA W F 
10/17/06 GBT 445 NA NA NA 
10/26/06 GBT 475 NA NA NA 
10/28/06 GBT 430 NA NA F 
08/18/06 KOK 345 NA W F 
08/29/06 KOK 452 NA H F 
08/30/06 KOK UNK NA W M 
08/31/06 KOK 363 NA W M 
09/01/06 KOK 440 NA H F 
09/05/06 KOK 421 NA W F 
09/05/06 KOK 442 NA W M 
09/05/06 KOK 390 NA W M 
09/07/06 KOK 390 NA W F 
09/07/06 KOK 370 NA W M 
09/27/06 KOK 335 NA W M 
09/28/06 KOK 470 NA W M 
09/28/06 KOK 430 NA W F 
09/28/06 KOK 405 NA W M 
09/28/06 KOK 285 NA H M 
10/03/06 KOK 514 NA W M 
10/04/06 KOK 400 NA H F 
10/04/06 KOK 469 NA W M 
10/07/06 KOK 515 NA W F 
10/07/06 KOK 510 NA W M 
10/07/06 KOK 420 NA H M 
10/12/06 KOK 422 NA W M 
10/12/06 KOK 407 NA W M 
10/13/06 KOK 553 NA W F 
10/16/06 KOK 310 NA H F 
10/16/06 RBT 75 NA W NA 
10/18/06 RBT 350 NA W NA 
10/19/06 RBT 340 NA W NA 
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Figure 2. Temperature (°C) for Nespelem River from August 31 to November 7, 2006.  
Temperature was collected every hour for 69 days. 
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Table 7.  Summary of fish captured at San Poil River including total length (mm), sex 
and origin (hatchery or wild).  All live captures were released above the trap.   
 

Date Species FL(mm) H/W Sex 
09/21/06 BUR 560 NA NA 
10/26/06 BUR 450 NA NA 
09/04/06 KOK 297 H F 
09/22/06 KOK 290 H F 
09/23/06 KOK 452 W M 
09/01/06 RBT 308 W NA 
09/01/06 RBT 312 W  
09/04/06 RBT 230 W NA 
09/04/06 RBT 518 W NA 
09/04/06 RBT 475 W NA 
09/06/06 RBT 350 W NA 
09/11/06 RBT 505 W NA 
09/12/06 RBT 463 W NA 
09/19/06 RBT 475 W NA 
09/19/06 RBT 340 W NA 
09/27/06 RBT 305 W NA 
10/09/06 RBT 375 W NA 
10/09/06 RBT 347 W NA 
10/18/06 RBT 466 W NA 
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Figure 3.  Temperature (°C) for San Poil River from September 12, 2006 to November 2, 
2006.  Temperature was collected every hour for 52 days. 
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Work Element D: Analyze/Interpret Data  
 
Work Element Title:  Genetic Evaluation 
Deliverable:  Report containing genetic similarities/differences between natural 
production kokanee and hatchery kokanee. 
 
The Washington Department of Fish and Wildlife (sub-contractor) completed and 
delivered the kokanee genetics analysis and characterization report to the Confederated 
Tribes of the Colville Reservation on September 20th 2006 (Appendix A).  Results 
indicate the presence of several kokanee stocks in Lake Roosevelt with the majority of 
the contribution from the San Poil River.  Immigration from Norn’s Creek and Lake 
Kootenay (Meadow Creek) in the upper Columbia River was also evident.  Similar 
results were reported in the Loxterman and Young memo (2003).  There were however 
limitations to the evaluation.  Due to the extreme size of Lake Roosevelt and the small 
sample size collected, the report recognized that there was limited geographic coverage.  
The current study only provided a snap shot in time that simply pertained to the time and 
place the samples were obtained.  Furthermore, only wild/native origin kokanee tissue 
samples were collected which eliminated the contribution of hatchery kokanee.  The 
report suggested that a more detailed study plan be developed in order to sample kokanee 
from all regions of the reservoir.  As part of the coordinating effort on Lake Roosevelt, 
managers have reviewed the document in its entirety and determined that development of 
a new study plan incorporating the ideas above would be completed this winter for 
implementation next year.  
 
The entire document can be viewed in Attachment 1 including Nei’s genetic distance 
tree.  
 
Work Element E: Coordination  
 
Work Element Title:  Coordination with other BPA projects and hatcheries. 
Deliverable: Local and regional cooperation. 
 
  
The Chief Joseph Kokanee Enhancement Project coordinates with the Lake Roosevelt 
Monitoring and Evaluation Team and Lake Roosevelt Hatchery Coordination Team.  
This year’s effort focused on attending quarterly meetings for each team and assisting 
with tasks developed by the team.  Three coordinated tasks were completed with the 
assistance of the Chief Joseph Kokanee Enhancement Project personnel.   
 
The first kokanee enhancement project took place on Big Sheep Creek in 2004.  Lake 
Roosevelt managers selected the tributary as an experimental tributary due to its location 
near the Canadian border in an effort to increase spatial segregation from Grand Coulee 
Dam allowing for more residualization time before the possibility of entrainment.  This 
tributary has 2.6 km of creek before entering Lake Roosevelt, which will help lower 
initial predation and give the fish time to acclimate before they enter the high flows in the 
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main stem reservoir.  Big Sheep Creek also has a barrier waterfall, which enhances the 
ability to monitor returning adults.   
 
On 29 May 2005, 444,800 thermal and OTC otolith marked Meadow Creek fry (640/lb) 
were trucked from the Spokane Tribal Hatchery and released 2.6 km up stream of the 
mouth into Big Sheep Creek (48.9480113 °N, 117.7939330 °W) below a barrier 
waterfall.  A private dam located at the falls diverts a portion of the flow into a holding 
pond above the falls.  In order to release fish below the waterfall, fish were netted out of 
the stocking trucks, transferred into a 250 gallon transport tank (O2 @ 1.5 L/min), filled 
with stream water for acclimation, then lowered on a tram elevator approximately 100 m 
down a cliff to the plunge pool area.  Fish were then piped 24 m from the tank to the 
plunge pool for release.  Another release of 500,000 fry was completed on May 2006.  
Stocking was performed directly into the creek approximately 3 miles above the 
confluence at the DNR campground.  
 
The second tributary was West Fork at the confluence with Gold Creek in the San Poil 
sub basin.  The tributary was selected as an additional experimental tributary in 2005 and 
2006 because there was additional Meadow Creek stock kokanee.  The location was 
chosen due to its habitat and its distance from Lake Roosevelt, approximately 30 miles, 
allowing for increased residualization time thereby improving homing fidelity.  
Additionally, the increased residualization time, approximately 8-9 months in the San 
Poil sub-basin, will improve swim performance allowing for increased escapement from 
predators as they enter Lake Roosevelt in the spring.   
 
On 8 and 9 November 2005, 67,520 adipose-clipped fingerlings kokanee (60 and 52/lb) 
were stocked into the West Fork of the San Poil River just above the confluence with 
Gold Creek.  On October 2, 2006, 65,455 adipose clipped sub-adult kokanee (53/lb).  
Fish were trucked from the Spokane Tribal Hatchery to a pool just below the West Fork 
Bridge.  The return is expected in 2008.       
 
The Lake Roosevelt Fishery Management team consisting of representatives from the 
Spokane Tribe of Indians, The Colville Confederated Tribes and The Washington 
Department of Fish and Wildlife developed and completed a plan for Lake Roosevelt 
fisheries management. Rainbow trout, kokanee salmon and white sturgeon are the 
primary focus of the plan, while other species such as walleye, smallmouth bass, burbot 
and lamprey are given consideration. Issues regarding lake productivity are addressed as 
well. 
   
 
Work Element F:  Outreach and Education  
 
Work Element Title:  Local and regional information exchange. 
Deliverable: Community development activities summarized in the annual report. 
 
Regional and local exchange was provided at the Lake Roosevelt Forum, Lake Roosevelt 
boat tour and at local county fish and wildlife meetings.    
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Work Element G: Produce Annual Report  
 
Work Element Title:  FY05/FY06 Annual Report 
Deliverable: Annual report submitted to BPA. 
 
 
 
Work Element H: Manage and Administer Projects  
 
Work Element Title:  Project Administration. 
Deliverable: Project Administration. 
 
This work element involved the management and administration of the Chief Joseph 
Kokanee Enhancement Project with guidelines established by the Colville Confederated 
Tribes and BPA.  The project managed and administered personnel, purchasing 
requirements for project implementation and operations, developed sub-contracts for 
genetics analysis, and processed BPA requirements and requests.   
 
Work Element I: Other  
 
Work Element Title:  Strobe Light Efficacy and Habitat Improvement Project. 
Deliverable: Remove strobe lights. 
 
The 2005 study, the last year in a series of tests, was designed to examine whether, under 
high flow conditions near the penstock openings, fish would avoid the lighted regions.  
Four omni-directional strobe lights were deployed on one trash rack directly in front of 
unit 21-turbine penstock.  Seven split beam transducers were deployed to monitor fish 
approaching three penstock openings either from in front of the trash racks or moving 
down the dam behind the trash racks.  Four key results emerged from the study that 
included: 
 

1. Very few fish were detected inside the trash rack. 
2. Significantly more fish (P<0.001) were detected in front of the trash racks 

when the lights were on at night. 
3. Fish clearly manifested a behavioral response to the strobe lights during the 

day. 
4. Kokanee, rainbow trout, and walleye were detected near the strobe lights. 
 

Primary conclusions from the study indicate that entrainment may have been over 
estimated in previous years due to the relatively low numbers detected inside the trash 
racks in 2005.  However, entrainment was not assessed during the spring freshet or 
during the winter drawdown when fish are most likely to be entrained.  Fish were also 
found to be attracted to the illuminated regions during the night and during daylight.  
Previous studies only indicated an attraction during the night.  Salmonids and walleye 
were identified as the attracted species. 
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Due to these results, it was recommended that strobe lights not be used to deter fish from 
the third power plant forebay.  The full report was prepared and delivered to Bonneville 
Power Administration Contract Number 00000652-00015 March 2006. 
 
Horizontal gill nets were deployed on a weekly basis in the fore bay area of Grand 
Coulee Dam’s third power plant during the strobe light study. The nets were 80 ft by 15 ft 
with square mesh sizes ranging from 1.27 cm to 10.16 cm. The nets were deployed at a 
depth of 14 to 18 meters. The depth corresponded to the strobe lights operated at the 
center of the third power plant forebay.  The nets were deployed at dusk and recovered at 
6:30 am the following morning.  A total of eight (8) fish were captured during the course 
of the gill net sampling period (Table 4). No valid conclusions were made from the 
limited data set, however the species composition was similar to that seen during earlier 
studies. Rainbow trout, walleye and a single wild origin kokanee were captured.   
 
Table 8.  Gill net data for 2005 strobe light study (date, species, sex, length (mm), origin, 
and temperature (C))   
 
Date Species Sex Length Origin Temp (C) 
8/9/05 RBT F 470  14 
8/10/05 RBT F 320  14 
8/10/05 RBT  300   
8/17/05 RBT  460   
8/25/05      
8/30/05 RBT F 320  16 
8/31/05 WAL  435  12 
9/07/05 WAL  410   
9/21/05      
9/27/05 KOK  498 Wild 11 
9/28/05      
 
 
Two habitat improvement projects were approved by BPA on 30 Mile Creek and Bridge 
Creek.  A passage improvement project located on 30 Mile Creek removed an old 
existing arch culvert that was a fish passage barrier and replaced it with a new bottomless 
arch culvert with new approaches and road alignment (Figure 2).  The Chief Joseph 
Kokanee Enhancement Project participation strictly involved funding.   
 
The mouth of Bridge Creek has been undefined for many years and suffered from 
excessive livestock use resulting in bank degradation, and no defined channel due to 
gravel, rock, and silt deposition.  The improvements involved exclusion fencing, removal 
of debris including a barrier at the mouth, re-channeling of the stream, placement of large 
woody debris (LWD), construction of islands and relief channels and restored direct 
passage into the San Poil River (Figure 3).  Streamside plantings were also performed.  
The project is expected to improve spawning and rearing habitat for both kokanee and 
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rainbow trout.  The Chief Joseph Kokanee Enhancement Project provided funding for the 
restoration effort in order to improve natural origin kokanee success.     
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Figure 4.  Upstream view of bottomless arch culvert installed at 30-mile creek 
 

 
 
 
Figure 5.   LWD installed over Bridge creek downstream toward San Poil River 
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Work Element J: Produce Pisces Status Report 
 
Work Element Title:  Quarterly Milestone Progress Reports. 
Deliverable: Status reporting on a quarterly basis. 
 
Status reports were completed on a timely basis including the final status report. 
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Abstract 
 

We analyzed seven collections of kokanee at 16 nuclear microsatellite DNA loci to 

examine the levels and patterns of genetic variation.  We used the multi-locus 

genotypes generated for these kokanee to assess population structure and examine 

stock-of-origin assignments.  Tests of population subdivision and the neighbor-joining 

tree suggested these subpopulations were significantly different from one another.  

Specifically, grouping of the following collections were supported with bootstrap support 

over 70%: Whatcom Hatchery @ Spokane and Lake Pend Oreille and Meadow Creek 

and Norns Creek.  The Chain Lake collection was on an isolated branch with 99% 

bootstrap support.  Stock-of-origin analysis of the 2004 Lake Roosevelt at-large 

samples indicated the majority of fish were from the Sanpoil River and Whatcom 

Hatchery @ Spokane population while the 2005 Lake Roosevelt at-large samples were 

from the Sanpoil River and Meadow Creek.  Both at-large collections also included 

approximately 15% Norns Creek fish.  Analysis of the 2005 Lake Roosevelt Test 

Fishery and Spokane Tribal Fisheries from 2004 and 2005 revealed that over 90% of all 

the fish in these collections were from Whatcom Hatchery @ Spokane, Meadow Creek, 

and the Sanpoil River. 

 

Introduction 

 

Lake Roosevelt, the extensive impoundment behind Grand Coulee Dam in northeastern 

Washington, supports a substantial recreational fishery.  The major contributors to this 

fishery are walleye (Sander vitreum), rainbow trout (Oncorhynchus mykiss), kokanee 

(the non-anadromous form of O. nerka), smallmouth bass (Micropterus dolomieui), lake 

whitefish (Coregonus clupeaformis), and burbot (Lota lota). 

 

The harvest goal for kokanee in Lake Roosevelt is currently 330,000 fish per year 

(250,000 of which are intended to be provided by artificial production programs within 

Lake Roosevelt).  The artificial production programs are run by the co-managers in the 
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region -- Spokane Indian Tribe, Colville Confederated Tribes, and the Washington 

Department of Fish and Wildlife -- and consist of Spokane Hatchery production (goal = 

120,000 yearling annual release), WDFW Sherman Creek Hatchery production (goal = 

380,000 yearling annual release), and Lake Roosevelt net pen operations (goal = 

500,000 yearling annual release).  Kokanee derived from the Lake Whatcom Hatchery 

stock (located near Bellingham in northwestern Washington) were first stocked into 

Lake Roosevelt in the 1930s and 1940s and have been the primary source for the Lake 

Roosevelt Hatchery production program described above since 1988. 

 

Another possible historical source of kokanee in Lake Roosevelt would be sockeye (the 

anadromous form of O. nerka) that were trapped above Grand Coulee Dam in the 

1930s during dam construction and that adopted the resident life history characteristic 

of kokanee. 

 

Other sources of kokanee in Lake Roosevelt include: 1) possible natural reproduction 

by Lake Roosevelt beach spawning populations (currently undocumented) or tributary 

spawning populations (e.g., Sanpoil River), 2) immigration of kokanee produced in the 

Spokane River system (Coeur d’Alene Lake, Chain Lake, and/or Horseshoe Lake), 3) 

possible immigration of kokanee produced in Lake Pend Oreille or Sullivan Lake, 

immigration of kokanee produced in other upper Columbia River sources (e.g., Christina 

Lake, Norns Creek, and/or the Arrow Lakes in British Columbia, and 4) immigration of 

kokanee produced in Lake Kootenay in British Columbia (Meadow Creek).  Some of 

these sources presumably consist of native kokanee populations (e.g., Chain Lake and 

Meadow Creek) while others probably consist mostly or entirely of non-native stocks 

derived from distant sources, such as the Lake Whatcom stock from northwestern 

Washington (e.g., Lake Pend Oreille and Coeur d’Alene Lake). 

 

Despite the ongoing, large-scale artificial production program for kokanee that uses the 

Lake Whatcom Hatchery stock, there is growing evidence that the preponderance of 

fish caught in the Lake Roosevelt sport fishery are from other sources.  Additionally, 
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there is growing concern that large proportions of the hatchery-produced yearlings are 

entrained at Grand Coulee Dam and quickly leave Lake Roosevelt.  For these, and 

other, reasons, the co-managers are now considering modifying the hatchery production 

program to use a more local kokanee stock from the Columbia River basin (e.g., the 

Meadow Creek stock from Lake Kootenay) in place of the Lake Whatcom Hatchery 

stock from coastal Washington.   

 

The primary objectives of this study were to determine the stock origin(s) of the kokanee 

found in Lake Roosevelt and of those caught in Lake Roosevelt fisheries and to 

investigate the interrelationships and stock origins of other kokanee populations in the 

region.  Loxterman and Young (2003) analyzed several populations of kokanee in the 

Lake Roosevelt basin and mixture samples collected in 2000, 2001, and 2002.  This 

analysis includes some of the populations used by Loxterman and Young (2003) along 

with samples from Christina Lake and mixture samples collected in 2004 and 2005.    

 
Methods 

 

We analyzed samples from Christina Lake, Kettle River (upper Columbia River, British 

Columbia), and six separate mixture samples (two at-large collections, two test 

fisheries, and two tribal derbies) that occurred in Lake Roosevelt during 2004 and 2005 

(Table 1, Figure 1).  We also included data from populations that had been analyzed 

previously by Loxterman and Young (2003): Sanpoil River, a tributary to Lake Roosevelt 

at the southwestern end; Chain Lake in the Spokane River drainage; Lake Pend Oreille 

in the Pend Oreille drainage; broodstock taken from Meadow Creek, a tributary to the 

north arm of Kootenay Lake, British Columbia; Norns Creek, a tributary to the Columbia 

River below Keenlyside Dam; and Lake Whatcom Hatchery strain of kokanee from the 

Spokane Hatchery. 
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Genomic DNA was extracted by digesting a small piece of fin tissue using the 

nucleospin tissue kits obtained from Machery-Nagel following the recommended 

conditions in the user manual.  Extracted DNA was eluted with a final volume of 100 µL. 

 

Descriptions of the 16 loci assessed in this study and PCR conditions are given in Table 

2.  We were unable to amplify three loci consistently (Omm-1080, Omm-1070, and 

Omm-1130); therefore they were dropped from all analyses.  Microsatellite alleles were 

sized using an internal size standard.  We used GENEMAPPER (Version 3.7) software 

(Applied Biosystems) to collect and analyze the microsatellite data.  Allele binning and 

naming were accomplished using MicrosatelliteBinner-v1h (Young, WDFW available 

from the author).  MicrosatelliteBinner creates groups (bins) of alleles with similar 

mobilities (alleles with the same number of repeat units).  The upper and lower bounds 

of the bins are determined by identifying clusters of alleles separated by gaps 

(nominally 0.4 base pairs in size) in the distribution of allele sizes.  The bins are then 

named as the mean allele size for the cluster rounded to an integer. 
 

Statistical Analyses 

 

Allele frequencies were calculated using CONVERT (version 1.3; Glaubitz 2003).  

General measures of within-population genetic diversity including heterozygosity 

(observed and expected) and allelic richness were computed for each subpopulation 

using GDA (Lewis and Zaykin 2001) and FSTAT (version 2.9.3.2; Goudet 1995) 

respectively.  Tests for Hardy-Weinberg proportions and genotypic linkage 

disequilibrium between all pairs of loci within each subpopulation were performed using 

GENEPOP (version 3.4; Raymond and Rousset 1995) and statistical significance was 

evaluated using a Bonferroni correction of P-values (Rice 1989).    

 

We computed pairwise estimates of genetic differentiation between subpopulations to 

examine population structure.  We generated estimates of genotypic population 

differentiation and FST pairwise estimates using GENEPOP 3.4.  These estimates use 
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allelic and genotypic frequency data to assess differences between subpopulation pairs.  

Statistical significance of both estimates was tested using 10,000 permutations and was 

evaluated using a Bonferroni correction of P-values (Rice 1989). 

 

We used WHICHRUN (Version 4.1; Banks and Eichert 2000) to perform maximum 

likelihood jackknife assignments of each fish in the baseline collections.  In the jackknife 

procedure, each individual fish is removed from the dataset, the allele frequencies of the 

baseline subpopulations are recalculated, and the fish is assigned to the most likely 

group.  Jackknife assignments were used to evaluate the reliability of the assignments 

of the composite collections, as well as illuminate the relationships among 

subpopulations.  Correct jackknife assignment relies upon a robust baseline as well as 

true distinctions between groups.  Thus, the baseline did not include the fishery and 

Lake Roosevelt at-large collections, since these presumably were composite collections 

of fish.   

 

For the composite samples, we used GMA (Kalinowski 2003) to assign individuals from 

the mixture samples to their most likely baseline subpopulation to identify possible 

relationships between the mixed samples and the baseline subpopulations.  GMA and 

WHICHRUN (Banks and Eichert 2000) both calculate stock-of-origin assignments, 

however GMA uses an iterative re-calculation process to adjust the assignments based 

on the probability of detecting samples from baseline stocks that vary in size.  The GMA 

program does not calculate a jackknife of the baseline samples; therefore WHICHRUN 

(Banks and Eichert 2000) was used for that part of the analysis.     

 

Genetic distance between pairs of subpopulations was estimated using Nei’s genetic 

distance (Nei 1972) as performed in PHYLIP (version 3.5c, Felsenstein 1993).  

Bootstrap calculations were performed using SEQBOOT followed by calculations of 

genetic distance using GENDIST.  The NEIGHBOR-JOINING method of Saitou and Nei 

(1987) was used to generate the dendrograms and CONSENSE to generate a final 
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consensus tree from the 1,000 replicates.  The dendrogram generated in PHYLIP was 

plotted as a radial tree using TREEVIEW (version 1.6.6, Page 1996). 

 

Results and Discussion 
 

DNA was obtained and analyzed from the kokanee samples from Christina Lake and 

the mixture samples from 2004 and 2005 using an ABI-3730 DNA analyzer.  We only 

collected data from two of 11 samples for the 2004 Lake Roosevelt Test Fishery 

collection due to poor quality DNA; therefore this collection was excluded from all 

analyses.  Existing data for other collections analyzed by Loxterman and Young (2003) 

were collected on an ABI-377 or an ABI-3100, and therefore needed to be aligned and 

converted for analysis with samples analyzed in 2006.  DNA mobility on each machine 

may vary; therefore data collected for the same 95 individuals using an ABI-377, ABI-

3100, and ABI-3730 were binned and aligned to ensure common allelic naming for 

analysis.  Allele frequencies for all collections analyzed are in Appendix 1. 

 

The estimates of genetic diversity, including heterozygosity and allelic richness, within 

these kokanee subpopulations ranged from 0.591 to 0.789 and from 4.917 to 12.456, 

respectively (Table 1).  Overall, genetic diversity was quite similar among all 

subpopulations, with the notable exception of the lower genetic diversity (both average 

heterozygosity and allelic richness) in the Chain Lake subpopulation.  Estimates of 

inbreeding indicate significant inbreeding in the Chain Lake population.  These results 

may reflect a small effective population size relative to the other subpopulations.  The 

high levels of diversity are the result of the at-large and fishery samples being 

collections of mixed samples. 

 

Tests for Hardy-Weinberg equilibrium and linkage disequilibrium revealed some 

disequilibrium in these subpopulations of kokanee. Tests of Hardy-Weinberg equilibrium 

for each locus and population did not reveal any significant deviation except for the 

fisheries collections.  These collections are comprised of fish from multiple collection 
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sites and therefore are expected to have allele frequencies that are not in Hardy-

Weinberg equilibrium.  A total of eight significant outcomes out of 546 tests of linkage 

disequilibrium occurred in only three populations (one in Chain Lake and Pend Oreille 

and six in Norns Creek).  Nevertheless, the pattern of these results among loci was not 

consistent with physical linkage and all loci and all collections were included in the 

subsequent statistical analyses. 

 

We conducted several statistical tests to examine the interrelationships among these 

subpopulations of kokanee.  Tests of genetic differentiation indicated significant 

differences between most pairs of collections (Table 3).  A non-significant difference 

was detected between the Sanpoil River collection and two fisheries collections (the 

Spokane Tribal Derby 2004 and the Lake Roosevelt Test Fishery 2005) indicating some 

proportion of samples from the fisheries were from the Sanpoil River.  The only other 

non-significant tests involved mixtures (fisheries and Lake Roosevelt at-large 

collections; Table 3) suggesting these mixtures had a contribution of alleles from 

several of the same source populations. 

 

Assessment of the pairwise FST estimates revealed a low to moderate level of genetic 

differentiation ranging from 0.026 – 0.0104 for most of the seven populations and five 

mixtures that were analyzed (Table 4) using the scale of genetic differentiation that was 

defined by Wright (1978) and Hartl and Clark (1997).  The comparison between each of 

the five mixture samples also revealed little genetic differentiation (0.001 – 0.011).  The 

exceptions for populations with FST values revealing little genetic differentiation was 

between the Lake Pend Oreille and Whatcom Hatchery @ Spokane (0.008) and 

between the collection from the Sanpoil River and each of the five mixture samples 

(ranging from -0.002 – 0.013).  The low value supports that Lake Pend Oreille has been 

stocked with Lake Whatcom Hatchery kokanee and therefore the two collections are 

genetically similar.  The small difference between the Sanpoil River collection and the 

mixture samples supports a conclusion that the mixtures include Sanpoil River fish.    

The exception for populations with high genetic differentiation was between the Chain 
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Lake collection and the other six populations (ranging from 0.106 – 0.211) and five 

mixture collections (ranging from 0.119 – 0.162).    The large difference between FST 

values for the Chain Lake collection and the other collections identifies Chain Lake as 

unique to the other collections analyzed. 

 

The genetic relationships among collections were further illustrated by the groupings in 

the neighbor-joining tree (Figure 2).  The following collections grouped together with 

over 70% bootstrap support: Whatcom Hatchery @ Spokane and Lake Pend Oreille and 

Meadow Creek and Norns Creek.  Chain Lake did not group with any other collection, 

but had high bootstrap support.  Grouping of Lake Pend Oreille and Whatcom Hatchery 

@ Spokane was not surprising given the stocking history of Whatcom stock into Lake 

Pend Oreille.  Meadow Creek and Norns Creek are both from the upper Columbia River 

in British Columbia and possibly share common ancestry.  Chain Lake had low genetic 

diversity, allelic richness values, and different allele frequencies (Appendix 1) resulting 

in the collection being unique from the other collections.  This result is consistent with 

the results from Loxterman and Young (2003).  Christina Lake was also unique and 

grouped alone, but did not have bootstrap support for the position in the tree.  The 

remaining mixture collections from both 2004 and 2005 did not cluster with bootstrap 

support to any of the baseline collections, likely a result of these collections having a 

mixed composition of samples.    

 

While the neighbor-joining tree, along with the pairwise tests of genetic differentiation 

suggest some relationships between the mixed fishery collections and several of the 

putative kokanee subpopulations; we used assignment tests to more closely assess the 

contributions of the different subpopulations.  Jackknife assignment tests for the known 

subpopulations (excluding the fisheries collections) provided information regarding the 

relationships among the different subpopulations (Table 5).  The Chain Lake and 

Christina Lake collections had over 98% of individuals assign back to the correct stock-

of-origin reflecting their genetic uniqueness.  The other five subpopulations had greater 

than 65% of the fish assign back to the stock-of-origin.  Mis-assignments from the Lake 
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Pend Oreille to the Whatcom Hatchery @ Spokane collections were largely to each 

other as a result of stocking Lake Pend Oreille with Whatcom Hatchery kokanee.  Mis-

assignments from Meadow Creek and Norns Creek collection were largely to each other 

reflecting their genetic similarity.  Mis-assigments for the Sanpoil River collection were 

distributed among four of the other six collections.  In general, the baseline kokanee 

subpopulations were strongly assigned back to the stock-of-origin and/or to one or two 

other collections indicating that these subpopulations reflect discrete stocks or stock 

groups and are suitable to use as baseline subpopulations for stock-of-origin 

assignments. 

 

In addition to examining the relationships among the baseline collections, assignment 

tests were performed using the five composite (mixture) kokanee collections as 

unknowns.  The results of this analysis reveal which subpopulations are contributing to 

the fisheries in Lake Roosevelt (Table 5).  The two Lake Roosevelt at-large collections 

had over 40% of the samples assign to the Sanpoil River collection.  The largest 

contributor to the 2005 at-large collection was from Meadow Creek and the second 

largest contributor to the 2004 at-large collection was the Whatcom Hatchery @ 

Spokane collection.  The collections from the Spokane Tribal Derby in both 2004 and 

2005 and the Lake Roosevelt Test Fishery in 2005 had over 90% of the individuals 

assign to one of three stocks: Sanpoil River, Whatcom Hatchery @ Spokane, and 

Meadow Creek.  Given the extensive size of Lake Roosevelt, the fact that wild kokanee 

in the lake are comprised of several stocks is not surprising.    

 

Conclusions 
 

These results support the presence of several kokanee stocks in Lake Roosevelt.  The 

Sanpoil River was the largest overall contributor to the at-large and fishery samples in 

Lake Roosevelt in 2004 and 2005.  Concern over the high percentage of Sanpoil River 

kokanee in the at-large samples needs to be addressed through analysis of additional 

Sanpoil River and at-large collections.  The results presented in this report represent the 
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collections that were provided to WDFW Molecular Genetics Laboratory (Table 1) for 

analysis. 

   

Additionally, there is evidence for immigration of kokanee produced in other upper 

Columbia River sources including Norns Creek and from Lake Kootenay (Meadow 

Creek).  While there was an increase in the Meadow Creek stock from 2004 to 2005 

there was a decrease in the Whatcom stock in the 2005 mixture samples compared to 

2004.   

 

These results should be interpreted with caution given the large size of Lake Roosevelt 

and the small sample sizes and limited geographic coverage of the fishery and Lake 

Roosevelt at-large collections analyzed in this study.  The stock composition analyses 

of the mixed collections pertain only to the time and place that the collections were 

made and extending inferences to other areas within Lake Roosevelt might not be valid.  

Thus, to ensure a thorough understanding of the origin of kokanee in Lake Roosevelt, it 

would be desirable to collect samples from all regions of the lake.  Clearly, effective 

management of kokanee in Lake Roosevelt will involve recognition of the different stock 

contributions including natural spawning in tributaries, as well as immigration from other 

stocks. 
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Table 1.  Collection code, collection location, total number of kokanee collected and number analyzed, and 
population statistics [allelic richness (Ao) and heterozygosity (expected (He) and observed (Ho))] for collections 
taken from Lake Roosevelt fisheries and surrounding tributaries.

Population statistics
Heterozygosity

Collection 
code Collection location Species

Total N = / N = 
Analyzed Ao Ho He

99OD
Lake Whatcom Hatchery @ 
Spokane kokanee 100 / 97 10.067 0.760 0.766

99OE/00HN Meadow Creek kokanee 200 / 199 9.701 0.771 0.772

00HM Chain Lakes kokanee 75 / 72 4.917 0.591 0.594

00HP San Poil River kokanee 54 / 53 9.601 0.770 0.771

00HQ Lake Pend Oreille kokanee 100 / 64 9.439 0.748 0.766

01CU Norn's Creek kokanee 33 / 27 9.694 0.789 0.770

04AAE Christina Lake kokanee 87 / 83 8.988 0.754 0.759

04AAH
Lake Roosevelt January Test 
Fishery - 2004 kokanee 11 / 2 N/A* N/A* N/A*

04AAI
Spokane Tribal Kokanee Derby - 
2004 kokanee 45 / 44 10.506 0.756 0.799

04AAJ Lake Roosevelt at Large - 2004 kokanee 42 / 42 12.456 0.741 0.848

05NH Lake Roosevelt at Large - 2005 kokanee 33 / 32 11.353 0.749 0.816

05NK
Lake Roosevelt January Test 
Fishery - 2005 kokanee 32 / 29 9.942 0.772 0.793

05NL
Spokane Tribal Kokanee Derby - 
2005 kokanee 25 / 25 10.170 0.731 0.791

* - Sample size was N = 2 and not included in these analyses 
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Table 2.  Microsatellite locus information (number alleles/locus and allele size range) for multiplexed loci.  Also 
included are the observed (Ho) and expected (He) heterozygosity for each locus.

 Heterozygosity

Multiplex Locus
Annealing 
temp oC

# Alleles/ 
Locus

Allele Size 
Range (bp) Ho He

One-A One-108* 50 36 165 - 271 0.878 0.923
One110* 50 33 206 - 301 0.867 0.935

One-B One-102* 50 23 189 - 273 0.849 0.918
One-114* 50 29 193 - 293 0.887 0.928
One-115* 50 17 176 - 240 0.854 0.897

One-C One-101* 50 60 120 - 384 0.926 0.970
One-105* 50 6 125 - 146 0.665 0.719
Ots-103* 50 27 130 - 234 0.920 0.936

One-D1 Omm-1085* 62 --- --- --- ---
Omm-1070* 62 --- --- --- ---
Omm-1130* 62 --- --- --- ---

One-E Omm-1142* 52 16 109 - 147 0.627 0.795
One-2* 52 28 200 - 282 0.599 0.681
Ots-3M* 52 16 130 - 166 0.616 0.648

One-F Omm-1135* 50 20 204 - 252 0.639 0.798
Omm-1139* 50 16 123 - 152 0.361 0.405

1 - Loci in the One-D mutliplex did not amplify well and were dropped from all analyses. 
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Table 3.  Genotypic differentiation of kokanee collections analyzed.  Pairwise comparisons that were not significantly different are highlighted in grey.  
Pairwise comparisons were defined as significant after implementation of Bonferonni correction for multiple tests (Rice 1989; 78 comparisons; alpha 
= 0.05/78 = 0.0006).  

Whatcom 
Hatchery @ 

Spokane Meadow Cr. Chain Lakes San Poil R.
L. Pend 
Oreille

Norn's 
Cr. Christina L.

Spokane 
Tribal 
Derby 
2004

L. Roos. at 
large 2004

L. Roos. at 
large 2005

L. Roos. 
Test Fishery 

2005

Spokane 
Tribal 
Derby   
2005

Whatcom 
Hatchery @ 
Spokane ----

Meadow Cr. 0.0000 ----

Chain Lakes 0.0000 0.0000 ----

San Poil R. 0.0000 0.0000 0.0000 ----

L. Pend Oreille 0.0000 0.0000 0.0000 0.0000 ----

Norn's Cr. 0.0000 0.0000 0.0000 0.0000 0.0000 ----

Christina L. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ----

Spokane Tribal 
Derby 2004 0.0000 0.0000 0.0000 0.0007 0.0000 0.0000 0.0000 ----

L. Roosevelt at 
large 2004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 ----

L. Roosevelt at 
large 2005 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0098 ----

L. Roosevelt Test 
Fishery 2005 0.0000 0.0000 0.0000 0.5207 0.0000 0.0000 0.0000 0.3188 0.0209 0.0630 ----

Spokane Tribal 
Derby   2005 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0545 0.0011 0.0319 0.2800 ----
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Table 4.  Matrix of pairwise FST estimates testing for population subdivision among subpopulations of O. nerka.  Pairwise comparisons that were not 
significantly different from zero are highlighted in grey.  Pairwise comparisons were defined as significant after implementation of Bonferonni correction for 
multiple tests (Rice 1989; 78 comparisons; alpha = 0.05/78 = 0.0006).  

Whatcom 
Hatchery @ 

Spokane
Meadow 

Cr.
Chain 
Lakes San Poil R.

L. Pend 
Oreille

Norn's 
Cr. Christina L.

Spokane 
Tribal 
Derby 
2004

L. Roos. at 
large 2004

L. Roos. at 
large 2005

L. Roos. 
Test Fishery

2005
 

Spokane 
Tribal 
Derby   
2005

Whatcom 
Hatchery @ 
Spokane ----

Meadow Cr. 0.0759 ----

Chain Lakes 0.1061 0.1566 ----

San Poil R. 0.0733 0.0332 0.1511 ----

L. Pend Oreille 0.0079 0.0866 0.1172 0.0768 ----

Norn's Cr. 0.0973 0.0124 0.2105 0.0561 0.1037 ----

Christina L. 0.0849 0.0824 0.1952 0.0960 0.0961 0.0953 ----

Spokane Tribal 
Derby 2004 0.0270 0.0294 0.1190 0.0082 0.0333 0.0511 0.0701 ----

L. Roosevelt at 
large 2004 0.0352 0.0331 0.1262 0.0131 0.0373 0.0493 0.0693 0.0022 ----

L. Roosevelt at 
large 2005 0.0672 0.0132 0.1623 0.0078 0.0731 0.0221 0.0804 0.0102 0.0065 ----

L. Roosevelt Test 
Fishery 2005 0.0609 0.0255 0.1512 -0.0016 0.0643 0.0423 0.0853 0.0038 0.0066 0.0023 ----

Spokane Tribal 
Derby   2005 0.0487 0.0060 0.1510 0.0093 0.0579 0.0208 0.0707 0.0042 0.0110 0.0005 0.0029 ----
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Table 5.  Results of the jackknife assignments for seven subpopulations of O. nerka  and stock-of-origin 
assignments for five mixture samples.  Shading indicates correct assignment back to population of origin. 

Jackknife Analysis

Whatcom 
Hatchery @ 

Spokane Meadow Cr.
Chain 
Lakes

San Poil 
R.

L. Pend 
Oreille Norn's Cr. Christina L.

Whatcom Hatchery 
@ Spokane 70.1% 0.0% 1.0% 1.0% 26.8% 0.0% 1.0%

Meadow Cr. 0.0% 65.3% 0.0% 5.5% 0.0% 29.1% 0.0%

Chain Lakes 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%

San Poil R. 3.8% 1.9% 0.0% 86.8% 3.8% 3.8% 0.0%

L. Pend Oreille 18.8% 7.8% 3.1% 0.0% 70.3% 0.0% 0.0%

Norn's Cr. 0.0% 11.1% 0.0% 3.7% 0.0% 85.2% 0.0%

Christina L. 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 98.8%

Stock-of-origin Assignments
Whatcom 

Hatchery @ 
Spokane Meadow Cr.

Chain 
Lakes

San Poil 
R.

L. Pend 
Oreille Norn's Cr. Christina L.

Spokane Tribal 
Derby 2004 35.9% 15.4% 0.0% 46.2% 2.6% 0.0% 0.0%

L. Roosevelt at 
large 2004 32.4% 5.9% 0.0% 47.1% 0.0% 14.7% 0.0%

L. Roosevelt at 
large 2005 0.0% 44.4% 0.0% 40.7% 0.0% 14.8% 0.0%

L. Roosevelt Test 
Fishery 2005 10.0% 15.0% 0.0% 70.0% 0.0% 5.0% 0.0%

Spokane Tribal 
Derby 2005 14.3% 42.9% 0.0% 38.1% 0.0% 4.8% 0.0%
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Figure 1.  Collection sites of kokanee in the Lake Roosevelt basin.
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Figure 2. Relationship of seven kokanee populations and five fisheries from Lake Roosevelt based on Nei’s (1972) 
genetic distance.  Clusters with bootstrap support greater than 70% are shown.
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Appendix 1.  Allele frequencies

One-108

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 63 174 48 35 27 83 86 27 44 25 42 31

165 --- --- --- --- --- --- --- --- --- --- --- 0.016
173 --- --- --- --- --- --- --- --- --- --- 0.024 ---
177 --- --- --- --- --- --- --- --- --- --- 0.012 ---
179 --- --- --- --- --- 0.012 --- --- 0.011 --- --- ---
181 --- --- --- --- --- --- --- --- --- --- 0.012 0.032
183 --- --- 0.010 0.014 --- 0.030 0.023 --- 0.023 --- --- ---
187 --- --- --- 0.014 --- 0.096 0.058 --- 0.011 --- 0.024 ---
189 --- --- --- --- --- --- --- --- --- --- 0.012 0.032
191 0.024 0.083 0.052 0.071 0.074 0.048 0.087 0.037 0.057 0.020 0.036 0.065
193 --- --- 0.031 --- --- --- --- 0.037 --- --- 0.036 0.032
195 --- 0.063 0.010 0.186 0.037 0.108 0.093 0.037 0.068 0.040 0.036 0.016
197 --- --- 0.052 --- --- --- --- --- 0.046 0.040 0.036 ---
199 0.579 0.086 0.052 0.086 0.074 0.199 0.029 0.074 0.034 --- 0.083 0.032
201 --- --- --- --- --- --- --- --- --- --- --- 0.016
203 0.032 0.124 0.104 0.114 0.074 0.108 0.070 0.167 0.057 0.180 0.012 0.048
205 --- --- --- --- --- 0.012 --- --- --- --- --- ---
207 0.064 0.135 0.198 0.057 0.148 0.072 0.122 0.167 0.114 0.160 0.143 0.194
209 --- --- --- --- --- --- --- --- --- --- 0.012 ---
211 0.167 0.092 0.073 0.100 0.037 0.078 0.105 0.093 0.091 0.060 0.071 0.081
213 --- --- --- --- --- 0.006 --- --- --- --- 0.012 ---
215 --- 0.101 0.052 0.057 0.130 0.018 0.111 0.019 0.034 0.100 0.083 0.048
217 --- --- --- --- --- --- --- --- --- --- 0.012 ---
219 --- 0.078 0.083 0.100 0.185 0.036 0.105 0.148 0.148 0.200 0.060 0.113
221 --- --- --- --- --- --- --- --- --- --- 0.024 0.016
223 0.032 0.101 0.010 0.057 0.074 --- 0.023 0.037 0.046 --- 0.012 0.065
227 0.095 0.069 0.042 0.014 0.111 0.012 0.047 0.093 0.068 0.080 0.024 0.048
231 --- 0.017 0.135 0.043 0.019 0.084 0.029 0.056 0.080 0.060 0.083 0.113
235 --- 0.017 0.073 0.029 0.019 0.018 0.017 0.037 0.080 0.020 0.071 ---
239 --- 0.006 --- --- --- 0.036 0.047 --- --- 0.020 0.012 ---
243 --- 0.017 --- 0.043 --- 0.024 0.012 --- --- --- --- ---
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Appendix 1 continued.

One-108 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 63 174 48 35 27 83 86 27 44 25 42 31

247 0.008 0.006 0.021 0.014 --- --- 0.006 --- 0.011 --- 0.024 0.032
251 --- --- --- --- 0.019 --- --- --- --- --- --- ---
255 --- --- --- --- --- --- 0.017 --- 0.011 0.020 --- ---
259 --- --- --- --- --- --- --- --- --- --- 0.024 ---
267 --- 0.003 --- --- --- --- --- --- --- --- --- ---
271 --- 0.003 --- --- --- --- --- --- 0.011 --- 0.012 ---

One-110

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 64 161 46 36 27 72 87 27 37 18 42 31

206 --- --- --- --- --- --- --- --- --- --- 0.167 0.129
217 --- --- 0.098 --- --- --- --- 0.019 0.041 0.083 0.036 0.016
225 --- --- --- --- --- 0.028 --- --- --- --- --- ---
233 0.289 0.025 --- 0.014 0.019 0.014 --- --- 0.014 --- --- 0.016
235 --- --- --- --- --- --- 0.006 --- --- --- --- ---
237 0.227 0.065 0.283 0.014 0.074 --- 0.029 0.204 0.135 0.139 0.107 0.161
241 0.008 0.186 0.141 0.069 0.037 0.160 0.052 0.111 0.135 0.167 0.095 0.081
245 0.055 0.177 0.044 0.069 0.019 0.188 0.069 0.148 0.081 0.139 0.119 0.081
247 0.008 0.006 --- --- 0.056 --- 0.017 --- 0.014 --- --- ---
249 0.141 0.118 0.109 0.042 0.111 0.174 0.081 0.204 0.081 0.083 0.060 0.097
251 --- 0.016 --- --- --- --- 0.012 --- --- 0.028 0.012 0.032
253 --- 0.059 0.022 0.014 0.130 0.090 0.017 0.056 --- 0.083 0.036 0.032
254 0.039 0.006 --- 0.056 --- --- 0.063 --- --- --- --- ---
255 --- --- --- --- --- --- --- 0.019 0.014 --- 0.012 ---
257 --- 0.062 --- 0.014 0.056 0.076 0.035 --- 0.014 0.028 0.012 ---
259 --- 0.006 0.022 0.014 --- --- 0.075 --- --- --- 0.024 ---
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Appendix 1 continued.

One-110 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 64 161 46 36 27 72 87 27 37 18 42 31

261 0.008 0.047 0.065 0.042 0.019 0.028 --- 0.056 0.054 0.028 0.060 0.097
263 0.016 0.025 --- 0.083 --- --- 0.086 --- 0.054 --- 0.036 ---
265 --- 0.081 0.054 0.069 0.167 0.090 0.012 0.019 0.041 0.056 0.024 0.065
267 --- 0.016 0.033 0.125 0.037 --- 0.063 0.019 0.054 --- --- 0.016
269 --- 0.031 --- 0.083 0.167 0.042 0.052 0.037 0.027 0.056 0.012 0.048
271 --- 0.012 --- 0.069 --- --- 0.098 0.019 --- --- 0.024 ---
273 --- 0.019 --- 0.014 0.037 0.028 0.017 --- 0.027 0.056 0.024 0.048
275 --- 0.003 --- 0.083 --- --- 0.063 --- 0.081 --- 0.036 ---
277 0.094 0.006 0.011 0.014 0.019 0.007 0.075 --- 0.027 --- --- 0.016
279 --- 0.006 0.022 0.069 --- 0.021 0.017 0.037 --- 0.028 0.012 ---
281 --- 0.009 0.033 0.028 0.037 0.007 0.023 0.037 0.014 --- 0.012 0.016
283 --- 0.009 --- 0.014 0.019 --- 0.012 --- 0.014 --- --- ---
285 --- 0.003 0.022 --- --- 0.007 0.012 --- 0.027 0.028 0.012 0.016
287 --- 0.003 --- --- --- 0.007 0.012 --- 0.014 --- --- 0.016
289 0.117 --- 0.044 --- --- 0.021 --- 0.019 0.041 --- 0.071 0.016
293 --- 0.003 --- --- --- --- 0.006 --- --- --- --- ---
301 --- --- --- --- --- 0.014 --- --- --- --- --- ---
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Appendix 1 continued.

One-102

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 65 187 51 54 27 68 92 27 39 23 42 31

189 --- --- --- --- --- --- --- --- --- --- 0.036 ---
192 --- --- --- --- --- --- --- --- --- --- 0.036 0.065
197 --- 0.029 0.010 --- 0.056 --- --- 0.037 0.039 --- 0.024 0.048
201 --- 0.005 --- --- --- --- --- --- --- --- 0.012 ---
205 --- 0.128 0.059 0.019 0.037 --- --- 0.037 0.039 0.065 0.036 0.065
209 0.346 0.019 0.098 0.111 --- 0.007 0.082 0.056 0.077 0.065 0.083 0.081
213 0.162 --- --- --- --- 0.037 0.065 --- --- 0.022 0.024 ---
216 0.185 0.016 0.010 0.028 --- --- 0.033 --- 0.013 --- 0.024 ---
220 --- 0.070 0.010 0.037 0.056 --- 0.022 --- --- 0.044 0.036 0.016
225 --- 0.118 0.216 0.139 0.074 0.037 0.163 0.241 0.244 0.109 0.202 0.145
229 0.046 0.147 0.108 0.074 0.074 0.052 0.071 0.167 0.090 0.109 0.083 0.161
233 --- 0.072 0.069 0.204 0.037 0.404 0.109 0.019 0.090 0.044 0.048 0.048
237 0.115 0.131 0.059 0.074 0.056 0.221 0.163 0.056 0.103 0.174 0.095 0.097
241 --- 0.072 0.206 0.056 0.111 0.088 0.076 0.148 0.154 0.130 0.107 0.097
245 0.085 0.072 --- 0.083 0.056 0.044 0.125 0.074 0.051 0.065 0.060 0.016
246 0.062 0.003 --- --- --- --- --- --- --- --- --- ---
249 --- 0.040 0.088 0.111 0.074 0.044 0.054 0.019 0.039 0.065 0.060 0.081
253 --- 0.024 0.049 0.028 0.185 0.007 0.033 0.111 0.039 0.044 0.012 0.016
257 --- 0.024 0.020 0.037 0.111 0.022 0.005 0.019 --- 0.022 0.012 0.032
261 --- 0.024 --- --- 0.056 0.022 --- 0.019 0.026 --- 0.012 0.016
265 --- --- --- --- --- 0.007 --- --- --- 0.022 --- ---
269 --- --- --- --- --- 0.007 --- --- --- 0.022 --- 0.016
273 --- 0.005 --- --- 0.019 --- --- --- --- --- --- ---
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Appendix 1 continued.

One-114

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 63 186 48 46 24 66 93 25 39 23 38 29

193 --- --- --- --- --- --- --- --- --- --- 0.013 0.017
197 --- --- --- --- --- --- --- --- --- --- 0.013 ---
201 --- --- --- --- --- --- --- --- --- --- 0.013 ---
205 --- --- --- --- --- --- --- --- --- --- 0.013 0.035
208 --- --- --- --- --- --- --- --- --- --- 0.013 ---
212 0.183 --- --- --- --- --- 0.011 --- --- --- 0.013 0.052
217 0.016 0.005 --- --- --- --- 0.016 --- 0.013 --- --- ---
221 0.452 0.008 0.042 --- --- --- 0.022 --- 0.026 --- 0.026 0.017
225 --- 0.027 --- --- 0.021 0.008 0.005 --- 0.026 0.022 0.040 ---
229 --- 0.016 0.010 0.011 0.042 --- 0.022 0.020 0.013 0.044 --- 0.052
233 --- 0.054 0.052 0.022 0.063 0.023 0.011 0.060 0.051 --- 0.040 ---
237 --- 0.051 0.021 0.098 0.042 0.046 0.070 0.040 0.013 0.044 0.013 0.052
241 0.008 0.051 0.042 0.087 0.146 0.030 0.124 0.080 0.051 0.022 0.105 0.017
245 --- 0.118 0.115 0.283 0.104 0.099 0.070 0.100 0.103 0.109 0.092 0.086
249 0.008 0.140 0.188 0.141 0.063 0.106 0.086 0.140 0.141 0.261 0.132 0.172
253 --- 0.113 0.146 0.022 0.063 0.121 0.070 0.140 0.077 0.087 0.105 0.155
257 0.095 0.105 0.135 0.174 0.146 0.053 0.065 0.100 0.064 0.065 0.145 0.103
261 0.143 0.075 0.021 0.054 0.104 0.152 0.140 0.060 0.103 0.065 0.066 0.017
265 --- 0.059 0.010 0.044 0.042 0.121 0.124 0.020 0.064 0.044 0.040 0.052
269 --- 0.032 0.083 0.022 0.083 0.030 0.070 --- 0.090 0.044 0.026 0.069
273 0.087 0.030 0.073 --- --- 0.076 0.038 0.080 0.115 0.065 0.026 0.052
277 --- 0.035 0.021 0.022 0.021 0.083 0.027 0.060 0.013 0.087 0.040 0.017
281 0.008 0.022 0.021 0.011 0.021 0.030 0.016 --- 0.013 0.044 0.026 ---
285 --- 0.030 0.010 0.011 0.021 0.015 0.011 0.080 0.026 --- --- 0.035
289 --- 0.016 0.010 --- 0.021 --- 0.005 --- --- --- --- ---
292 --- 0.005 --- --- --- --- --- --- --- --- --- ---
293 --- --- --- --- --- 0.008 --- 0.020 --- --- --- ---
296 --- 0.005 --- --- --- --- --- --- --- --- --- ---
312 --- 0.003 --- --- --- --- --- --- --- --- --- ---
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Appendix 1 continued.

One-115

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 66 194 49 60 26 65 92 26 39 23 35 27

176 --- 0.016 0.082 0.017 --- --- 0.016 0.039 0.013 0.044 0.014 0.019
180 --- 0.046 0.010 0.100 0.019 0.008 0.038 0.058 --- --- 0.014 ---
184 --- 0.059 0.051 0.050 0.058 0.008 0.022 0.039 0.026 0.087 0.029 0.074
188 --- 0.057 0.071 0.050 0.096 --- 0.044 0.077 0.051 0.065 0.071 0.037
192 --- 0.121 0.133 0.042 0.135 0.015 0.087 0.115 0.167 0.087 0.086 0.222
196 0.053 0.157 0.214 0.075 0.250 0.085 0.027 0.192 0.128 0.130 0.171 0.222
200 0.432 0.157 0.071 0.150 0.019 0.085 0.141 0.096 0.218 0.044 0.229 0.111
204 0.068 0.119 0.133 0.317 0.173 0.169 0.245 0.077 0.128 0.130 0.143 0.130
208 0.288 0.093 0.041 0.083 0.058 0.146 0.179 0.058 0.064 0.196 0.071 0.093
212 --- 0.083 0.051 0.050 0.115 0.192 0.060 0.019 0.026 0.065 0.014 0.019
216 0.076 0.044 0.061 0.042 0.019 0.115 0.038 0.096 0.039 0.109 0.014 0.019
220 --- 0.023 0.061 --- --- 0.046 0.038 0.096 0.077 0.022 0.086 0.037
224 --- 0.013 0.010 0.017 0.019 0.069 0.033 0.039 0.026 0.022 0.043 ---
228 0.083 0.008 --- 0.008 --- 0.039 0.022 --- 0.013 --- 0.014 ---
232 --- 0.003 0.010 --- 0.019 --- 0.011 --- 0.026 --- --- ---
236 --- 0.003 --- --- 0.019 0.015 --- --- --- --- --- 0.019
240 --- --- --- --- --- 0.008 --- --- --- --- --- ---

One-105

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 192 42 63 25 74 97 29 44 23 35 27

125 --- 0.003 0.012 --- --- 0.007 --- --- --- --- --- ---
129 0.044 0.258 0.286 0.135 0.220 0.500 0.150 0.224 0.296 0.239 0.243 0.296
133 0.435 0.591 0.381 0.206 0.620 0.182 0.268 0.362 0.341 0.478 0.314 0.389
137 0.522 0.078 0.143 0.492 0.060 0.243 0.366 0.138 0.182 0.044 0.200 0.056
142 --- 0.052 0.167 0.167 0.060 0.061 0.206 0.259 0.182 0.174 0.243 0.259
146 --- 0.018 0.012 --- 0.040 0.007 0.010 0.017 --- 0.065 --- ---
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Appendix 1 continued.

Ots-103

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 68 184 42 63 25 71 96 29 44 24 34 27

128 0.022 0.003 --- --- --- --- 0.021 --- --- --- --- ---
130 --- --- --- --- --- --- --- --- 0.011 --- --- ---
132 --- 0.005 --- --- --- --- --- --- --- --- --- ---
138 --- 0.016 --- --- 0.020 --- --- --- --- --- --- 0.019
143 --- 0.016 --- --- 0.020 --- --- --- --- --- 0.015 ---
147 --- 0.014 --- --- --- 0.007 0.010 0.017 0.011 0.021 0.029 ---
151 0.243 0.014 --- 0.119 --- --- 0.042 --- 0.046 0.063 0.015 ---
155 --- 0.073 0.083 0.024 --- 0.014 0.057 0.069 0.057 0.042 0.044 0.093
159 0.287 0.044 0.048 0.087 0.040 --- 0.078 0.035 0.034 0.042 0.044 0.093
163 0.140 0.084 0.024 0.111 --- --- 0.125 0.052 0.080 0.104 0.044 0.074
167 0.022 0.052 0.083 0.064 0.080 0.007 0.125 0.035 0.034 0.042 0.088 0.019
171 --- 0.049 0.024 0.119 0.040 0.007 0.073 0.017 0.080 0.021 0.029 0.093
175 --- 0.073 0.095 0.111 0.120 0.014 0.037 0.103 0.091 0.083 0.044 0.130
179 --- 0.073 0.048 0.040 --- 0.035 0.047 0.035 0.023 0.042 0.088 0.019
183 0.022 0.095 0.012 --- 0.120 0.099 0.068 0.017 0.034 0.021 0.015 0.037
187 --- 0.044 0.107 0.103 0.080 0.120 0.109 0.103 0.102 0.042 0.029 0.111
191 --- 0.044 --- 0.056 0.080 0.324 0.089 --- 0.057 0.104 0.044 0.019
194 0.059 0.101 0.167 0.095 0.080 0.190 0.042 0.207 0.136 0.104 0.191 0.074
198 0.206 0.082 0.083 0.016 0.100 0.106 0.052 0.121 0.046 0.083 0.088 0.037
202 --- 0.035 0.107 0.032 0.120 0.042 0.010 0.086 0.046 --- 0.088 0.111
206 --- 0.022 0.012 0.024 0.020 0.014 --- 0.017 0.034 0.021 0.029 0.037
209 --- 0.035 0.095 --- 0.040 0.014 --- 0.052 0.068 0.104 0.074 0.037
213 --- 0.016 0.012 --- --- 0.007 0.010 0.017 --- 0.042 --- ---
217 --- 0.003 --- --- --- --- 0.005 0.017 0.011 --- --- ---
221 --- 0.005 --- --- --- --- --- --- --- 0.021 --- ---
232 --- 0.003 --- --- --- --- --- --- --- --- --- ---
234 --- --- --- --- 0.040 --- --- --- --- --- --- ---
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Appendix 1 continued.

One-101

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 63 185 20 50 18 67 97 26 35 17 41 31

120 --- --- --- --- --- --- --- --- --- --- 0.061 0.048
128 --- --- --- --- --- --- --- --- --- --- 0.061 0.016
132 --- --- --- --- --- --- --- --- --- --- --- 0.016
151 --- --- --- --- --- --- --- --- --- --- 0.012 ---
159 --- --- --- --- --- --- --- --- --- --- 0.012 ---
166 --- --- --- --- --- --- --- --- --- --- --- 0.016
170 --- 0.003 --- --- --- 0.015 --- --- --- --- --- ---
174 --- --- --- --- --- --- 0.005 --- --- --- 0.024 0.016
178 0.016 --- --- --- --- --- 0.005 0.019 --- --- --- ---
182 --- 0.005 0.025 --- --- --- 0.016 0.135 0.057 0.088 0.024 0.065
186 --- 0.016 0.100 0.020 --- --- 0.010 --- 0.029 --- 0.049 ---
190 --- 0.005 0.050 0.010 --- --- 0.016 0.039 0.071 0.088 0.061 0.016
194 0.079 0.016 0.050 0.050 --- 0.008 0.041 0.019 0.029 0.029 0.098 0.016
198 0.016 0.024 0.025 0.110 0.028 0.022 0.077 0.039 0.100 0.029 0.024 0.032
202 --- 0.022 0.075 0.030 --- --- 0.052 0.058 0.071 0.088 0.049 0.032
206 0.524 0.008 --- 0.020 --- 0.008 0.046 0.019 0.014 --- --- 0.016
210 0.175 0.003 0.050 0.040 --- 0.015 0.036 0.039 0.043 0.059 0.012 0.032
214 0.008 0.003 --- 0.060 --- --- 0.026 --- 0.043 --- 0.012 ---
218 0.087 0.003 --- 0.060 --- --- 0.067 0.039 0.043 0.029 --- ---
222 0.024 0.003 --- --- --- 0.008 0.016 0.058 0.043 0.029 --- 0.032
226 --- 0.003 --- 0.050 --- --- 0.046 --- 0.014 --- 0.012 ---
228 --- --- --- 0.020 --- --- 0.010 --- --- --- --- ---
234 --- 0.011 0.025 0.060 --- 0.008 0.021 --- 0.029 --- 0.037 0.032
238 --- --- --- 0.010 --- --- 0.031 --- --- --- --- ---
242 --- 0.011 --- 0.020 --- --- 0.021 --- --- 0.029 0.012 ---
246 --- 0.003 --- --- --- 0.015 0.010 --- --- --- --- 0.016
250 --- 0.005 --- 0.030 --- --- 0.010 --- 0.014 --- --- ---
255 --- 0.005 --- 0.020 0.028 0.015 0.010 0.039 --- --- 0.012 ---
259 --- 0.005 --- --- --- 0.008 --- --- --- --- --- ---
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Appendix 1 continued.

One-101 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 63 185 20 50 18 67 97 26 35 17 41 31

263 --- 0.035 0.025 --- 0.028 0.045 0.010 --- --- --- 0.012 0.016
267 --- 0.024 --- --- --- 0.008 0.005 0.019 0.029 0.088 0.049 0.016
271 --- 0.041 0.075 0.020 --- 0.022 0.010 0.039 0.029 0.029 --- 0.032
275 --- 0.065 0.050 0.010 0.028 0.105 0.010 0.019 0.029 0.029 0.024 0.032
279 --- 0.054 0.025 0.020 0.111 0.008 0.010 0.019 --- 0.059 0.024 0.032
283 --- --- --- --- 0.028 0.060 --- --- 0.029 0.029 --- 0.032
287 --- 0.060 0.075 0.010 --- 0.015 0.021 0.019 0.057 0.029 --- 0.081
291 --- 0.049 0.100 0.090 0.056 0.030 0.026 0.192 0.014 0.059 0.049 0.065
295 --- 0.057 0.075 0.040 0.056 0.060 0.031 0.058 0.029 --- 0.049 0.016
299 0.071 0.057 --- 0.050 --- 0.075 0.031 --- 0.014 0.059 0.012 0.016
303 --- 0.057 0.075 0.070 0.056 0.022 0.036 0.019 0.014 --- --- 0.016
307 --- 0.065 --- 0.010 0.056 0.022 0.036 --- --- 0.059 0.024 0.032
312 --- 0.057 0.025 0.030 0.083 0.037 0.021 --- --- 0.059 0.012 0.032
316 --- 0.035 0.025 0.010 0.056 0.052 0.052 0.019 0.014 0.029 0.024 ---
318 --- 0.046 --- 0.010 --- --- 0.010 --- --- --- --- ---
320 --- --- --- --- 0.083 0.022 --- 0.019 0.071 --- 0.024 0.065
324 --- 0.062 --- --- --- 0.015 0.057 --- 0.043 --- --- 0.048
328 --- --- --- --- 0.056 0.037 --- 0.039 --- --- 0.037 0.016
332 --- 0.035 --- 0.020 --- 0.060 0.031 --- 0.014 --- 0.024 0.016
337 --- 0.022 0.025 --- --- 0.052 0.031 --- 0.014 --- 0.012 ---
341 --- 0.011 0.025 --- --- 0.022 --- --- --- --- 0.024 ---
345 --- 0.005 --- --- 0.111 0.037 --- 0.019 --- --- 0.024 0.016
349 --- --- --- --- 0.056 0.022 --- 0.019 --- --- --- ---
350 --- 0.008 --- --- --- --- --- --- --- --- --- ---
353 --- --- --- --- --- 0.022 --- --- --- --- --- ---
355 --- 0.003 --- --- --- --- --- --- --- --- --- ---
357 --- --- --- --- 0.028 0.015 --- --- --- --- --- ---
361 --- --- --- --- --- 0.015 --- --- --- --- --- ---
368 --- --- --- --- 0.028 --- --- --- --- --- --- ---
380 --- --- --- --- --- --- --- --- --- --- --- 0.016
384 --- --- --- --- 0.028 --- --- --- --- --- --- ---
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Appendix 1 continued.

Omm-1142

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 198 51 64 27 81 96 29 44 24 42 31

109 --- --- --- --- --- --- --- --- --- --- 0.012 0.032
113 --- --- --- --- --- 0.543 --- --- --- --- 0.012 ---
117 --- --- --- --- --- --- --- --- --- --- 0.012 0.016
119 --- 0.157 0.049 0.023 0.185 0.136 0.031 0.052 0.046 0.125 0.071 0.113
121 --- 0.005 --- --- 0.019 --- --- 0.017 --- --- 0.083 0.081
123 --- 0.174 0.128 --- 0.185 0.062 --- 0.103 0.091 0.125 0.083 0.097
125 --- --- 0.010 0.016 --- --- 0.016 --- --- --- --- ---
129 0.355 --- 0.049 0.453 --- --- 0.521 0.017 0.171 0.125 0.143 ---
131 0.558 0.364 0.657 0.258 0.296 0.130 0.245 0.690 0.500 0.458 0.441 0.532
133 --- 0.003 0.020 0.016 --- --- 0.010 --- 0.011 --- 0.012 ---
135 --- 0.076 0.020 0.039 0.019 0.031 0.026 0.035 0.023 --- 0.036 0.016
138 --- 0.003 0.010 --- --- --- 0.005 --- --- --- 0.012 ---
140 0.051 0.015 0.010 0.125 --- 0.019 0.047 0.017 0.034 0.021 0.024 ---
142 --- 0.200 0.010 0.039 0.278 0.012 0.047 0.069 0.102 0.125 0.024 0.113
144 0.036 0.003 0.020 0.031 0.019 --- 0.047 --- 0.011 0.021 0.024 ---
147 --- 0.003 0.020 --- --- 0.068 0.005 --- 0.011 --- 0.012 ---

One-2

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 194 51 61 27 78 96 27 44 25 40 32

200 --- --- --- --- --- --- --- --- --- --- --- 0.016
206 --- --- --- --- --- --- --- --- --- --- 0.013 ---
208 --- --- --- --- --- --- --- --- --- --- 0.013 0.016
211 --- --- --- --- --- --- --- --- --- --- 0.013 ---
220 --- --- --- --- --- --- --- --- --- --- 0.013 ---
224 --- --- --- --- --- --- --- --- --- --- 0.025 ---
228 --- --- --- --- --- --- --- --- --- --- 0.013 ---
230 --- --- --- --- --- --- --- --- --- --- --- 0.016
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Appendix 1 continued.

One-2 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 194 51 61 27 78 96 27 44 25 40 32

237 --- --- --- --- --- --- --- --- --- --- 0.013 ---
245 --- --- --- --- --- --- --- --- --- --- 0.013 ---
247 --- --- --- --- --- --- --- --- --- --- --- 0.016
249 --- --- --- --- --- --- --- --- --- --- --- 0.016
251 --- --- --- --- --- 0.026 --- --- --- --- --- ---
253 --- 0.008 0.010 --- --- --- 0.005 --- --- --- --- 0.031
255 --- --- --- --- --- --- --- --- --- --- 0.013 ---
259 --- 0.016 --- --- --- 0.013 0.010 0.019 0.011 0.020 --- 0.016
261 --- 0.003 --- 0.016 --- --- 0.021 0.019 0.011 --- 0.013 ---
263 --- 0.013 0.039 --- --- 0.013 0.005 --- --- 0.020 0.013 ---
265 --- 0.186 0.098 0.098 0.130 0.045 0.094 0.074 0.114 0.100 0.088 0.109
267 --- 0.023 0.118 0.016 --- 0.064 0.010 0.148 0.046 0.020 0.075 0.094
269 --- 0.219 0.059 0.057 0.389 0.558 0.109 0.093 0.114 0.220 0.050 0.188
271 --- 0.016 0.020 0.066 0.019 0.058 0.026 0.037 0.011 0.040 0.025 ---
273 --- 0.031 0.039 0.016 0.148 0.026 0.042 0.056 0.034 --- 0.038 0.031
274 1.000 0.415 0.510 0.689 0.315 0.180 0.667 0.444 0.580 0.520 0.475 0.406
276 --- 0.039 0.020 --- --- 0.013 0.005 --- --- --- 0.038 0.016
278 --- 0.031 0.088 0.025 --- 0.006 0.005 0.093 0.080 0.060 0.063 0.031
282 --- 0.003 --- --- --- --- --- 0.019 --- --- --- ---
283 --- --- --- 0.016 --- --- --- --- --- --- --- ---
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Appendix 1 continued

Ots-3M

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 68 198 51 64 25 82 96 26 41 23 37 28

124 --- 0.003 --- --- --- --- --- --- --- --- --- ---
130 0.096 0.366 0.108 0.180 0.520 0.232 0.177 0.192 0.146 0.283 0.149 0.304
132 --- 0.033 --- --- --- --- --- 0.019 --- --- --- ---
136 --- --- --- --- --- --- --- --- --- --- 0.095 0.107
138 --- --- --- 0.008 --- --- 0.016 --- --- --- 0.068 ---
140 --- --- --- --- 0.020 0.018 0.005 --- --- --- 0.014 0.018
142 --- --- 0.010 0.023 0.020 --- --- --- 0.024 --- 0.014 ---
145 --- --- --- 0.008 --- --- 0.037 --- 0.012 --- 0.014 ---
147 0.882 0.391 0.500 0.555 0.200 0.659 0.667 0.462 0.561 0.478 0.405 0.339
150 --- --- 0.010 0.086 0.020 --- 0.010 --- --- 0.022 0.014 ---
152 0.022 0.157 0.108 0.125 0.160 0.079 0.083 0.096 0.061 0.152 0.095 0.071
154 --- 0.035 0.020 --- 0.020 0.012 --- 0.019 0.037 --- 0.041 0.054
157 --- --- --- 0.016 --- --- 0.005 --- --- --- --- ---
160 --- 0.013 0.216 --- --- --- --- 0.192 0.134 0.065 0.095 0.089
164 --- --- 0.020 --- --- --- --- --- 0.024 --- --- ---
166 --- 0.003 0.010 --- 0.040 --- --- 0.019 --- --- --- 0.018

Omm-1135

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 171 51 63 26 82 96 25 44 25 39 28

204 --- --- --- --- --- 0.012 --- --- --- --- 0.013 ---
208 --- --- --- --- --- --- --- --- --- --- 0.013 ---
210 --- --- --- --- --- --- --- --- --- --- 0.039 ---
212 --- --- --- --- --- --- --- --- --- --- 0.077 0.071
216 --- --- --- --- --- --- --- --- --- --- 0.039 0.054
218 --- --- --- --- --- --- --- --- --- --- --- 0.018
219 --- --- --- --- --- --- 0.016 --- --- 0.020 --- ---
223 --- --- 0.010 --- --- 0.177 --- --- --- --- --- ---
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Appendix 1 continued.

Omm-1135 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 171 51 63 26 82 96 25 44 25 39 28

225 --- --- --- --- --- 0.012 --- --- --- --- --- ---
227 --- 0.003 --- --- --- --- --- --- --- --- --- ---
229 0.319 0.038 0.088 0.627 0.039 0.366 0.625 0.160 0.318 0.120 0.231 0.036
233 --- --- --- --- --- 0.006 0.005 --- 0.011 --- --- ---
235 0.087 0.038 0.059 0.127 0.019 --- 0.057 0.100 0.068 0.060 0.103 0.018
237 --- 0.392 0.167 0.040 0.462 --- 0.005 0.240 0.125 0.240 0.077 0.250
238 0.544 0.269 0.196 0.175 0.250 0.146 0.224 0.160 0.239 0.260 0.128 0.214
240 --- 0.006 0.049 --- --- --- 0.010 0.020 --- --- 0.039 ---
242 --- 0.006 0.010 --- 0.058 0.012 0.005 0.040 --- 0.040 0.039 0.036
248 0.051 0.249 0.422 0.032 0.154 0.262 0.052 0.280 0.239 0.260 0.205 0.286
250 --- --- --- --- --- 0.006 --- --- --- --- --- 0.018
252 --- --- --- --- 0.019 --- --- --- --- --- --- ---

Omm-1139

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 172 50 63 27 82 97 27 44 25 42 31

117 --- 0.003 --- --- --- --- --- --- --- --- --- ---
119 --- --- --- 0.016 --- --- 0.005 --- --- --- --- ---
121 --- 0.003 --- --- --- --- --- --- --- --- --- ---
123 0.529 0.942 0.850 0.651 0.944 0.683 0.670 0.778 0.750 0.880 0.631 0.790
125 0.246 0.026 0.010 0.119 0.037 --- 0.093 0.037 0.046 0.020 0.036 0.032
127 0.051 0.023 0.050 0.214 0.019 0.213 0.206 0.130 0.136 0.080 0.119 ---
129 --- --- --- --- --- --- 0.026 --- --- --- --- ---
131 0.174 --- --- --- --- 0.061 --- --- --- --- --- ---
133 --- --- --- --- --- 0.006 --- --- --- --- --- ---
135 --- 0.003 0.090 --- --- --- --- 0.056 0.068 0.020 0.048 0.048
137 --- --- --- --- --- 0.037 --- --- --- --- 0.071 0.016
139 --- --- --- --- --- --- --- --- --- --- 0.012 ---
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Appendix 1 continued.

Omm-1139 continued

Chain 
Lake

Meadow 
Cr.

Sanpoil 
River

Pend 
Oreille

Norns 
Cr.

Christina 
L. Whatcom

Roosevelt 
Fishery 

'05

Spokane 
Tribal 

Derby '04

Spokane 
Tribal 

Derby '05

Roosevelt 
at Large 

'04

Roosevelt 
at Large 

'05
Size/N = 69 172 50 63 27 82 97 27 44 25 42 31

146 --- --- --- --- --- --- --- --- --- --- 0.048 0.048
148 --- --- --- --- --- --- --- --- --- --- --- 0.032
150 --- --- --- --- --- --- --- --- --- --- --- 0.016
152 --- --- --- --- --- --- --- --- --- --- 0.036 0.016
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