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a comparison in the change of the indicators over time may be more appropriate.  For 
example, if indicator A showed a 15% increase in the reference population in the first 
five years, a similar 15% increase in the treatment population would also be expected 
Thus, any decrease in the change of the treatment population relative to the reference 
population could be attributed to the presence or abundance supplementation fish.  
 
All primary and a proportion of the secondary indicators have a target.  Those indicators 
that are influenced by out of basin causes (e.g., ocean productivity) or density 
dependent factors (e.g., egg-to-smolt survival) do not have a target identified in this 
Plan because the ability to change these indicators fall outside the control of the HC. 
All primary and secondary indicators will be calculated on an annual basis.  Tertiary 
indicators would only be measured or calculated when required.  Most primary 
indicators will be analyzed at the five-year scale.  All secondary and tertiary indicators 
would be analyzed on an annual basis.  The relationship between indicators and the 
methods used to calculate them is listed in Table 4.  A list of appendices with detailed 
methodologies for each strategy is listed in Table 5.  
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Table 2.  Relationship of hypotheses and strategies (methods) used in monitoring and evaluation plan.   

Methods 

Relative increase 
in spawners of 
supplemented 

stream is greater 
than non-

supplemented 
stream 

NRR of 
supplemented 

stream is equal to 
that of non-

supplemented 
stream 

Run timing, spawn 
timing, and redd 

distribution of 
supplemented fish is 

equal to that of naturally 
produced fish 

No loss of within or 
between genetic 

variability 
 

Size and age at maturity 
of hatchery fish is equal 

to that of naturally 
produced fish 

Effective population 
size of 

supplemented 
stream increases in 

relation to 
spawning 
population 

HHR is greater 
than NRR 

 
HRR is equal or 

greater than 
expected value 

Spawning ground survey X X X X X X 
Creel surveys X X X X X X 
Broodstock sampling X X X X X X 
Hatchery juvenile sampling    X X X 
Smolt trapping    X X X 
Residual sampling    X X X 
Precocity sampling    X X X 
PIT tagging X  X X X X 
CWT tagging X X X X X X 
Radio tagging X X X    
Genetic sampling X   X X  
Disease sampling       
Snorkel surveys  X X    
Redd capping  X     

 

Stray rates of 
hatchery fish are 

less than 5% 

Hatchery fish are 
released at 

programmed number 
and size 

Hatchery fish have not 
increased the 

prevalence of disease in 
the supplemented 

stream or hatchery and 
naturally produced 

populations 

Impacts to NTTOC 
(size, abundance, and 
distribution) are within 

acceptable levels 

Supplemented 
streams have equal 
ratio of smolts/redd 

than non-
supplemented 

streams 

Harvest of 
hatchery fish is at 

or below the 
desired level to 
meet program 

goals 

Spawning ground surveys X  X  X X 
Creel surveys X     X 
Broodstock sampling X X X   X 
Hatchery juvenile sampling  X X    
Smolt trapping  X X X X  
Residual sampling  X X X X  
Precocity sampling  X X X X  
PIT tagging  X  X X  
CWT tagging X X X    
Radio tagging X      
Genetic sampling       
Disease sampling   X X X  
Snorkel surveys    X X  
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Redd capping    X X  



 

  Wells Spring Chinook HGMP 
 Appendix A – Page 26 Wells Project No. 2149 

Table 3.  A list of primary indicators and targets used in the M&E Plan 
(S=supplementation; H=harvest augmentation).  Data will be collected annually and 
analyzed when required (minimum every 5 years).  The HC will reevaluate objectives 
and results and make recommendations.  See Glossary for definition of indicators.     
1 Derived from plug numbers in BAMP  
 

 
 
 

Objective 
# Program  Indicator Target Preliminary 

results 

1 S Natural replacement 
rate ≥ Non-supplemented pop. > 10 yrs 

2/3 S Run timing = Naturally produced run timing 5 yrs 

2/3 S Spawn timing = Naturally produced spawn timing 5 yrs 

2/3 S Redd distribution = Naturally produced spawning 
distribution 5 yrs 

3 S Genetic variation = Donor population 5 yrs 

3 S Genetic structure = Baseline condition 5 yrs 

3 S Effective population 
size Δ Spawning population size 5 yrs 

3 S Size and age at 
maturity = Naturally produced fish 5 yrs 

4 S/H Hatchery replacement 
rate ≥ Expected value1 5 yrs 

5 S/H Stray rate < 5% of adult returns 5 yrs 

6 S/H Number and size of 
fish ± 10% of production level 5 yrs 

7 S Smolts/redd ≥ Non-supplemented pop. > 10 yrs 

8 H Harvest  ≤ Maximum level 5 yrs 

9 S/H Disease < Baseline values > 5 yrs 

10 S/H NTTOC Various (0-40%) > 5 yrs 
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Table 4.  Indicators that will be used in the monitoring and evaluation plan, indicator level (primary, secondary, and 
tertiary), and the strategies used to calculate the indicator. 

Specific 
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Strategies 
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Natural replacement rate 1 X X X X     X X      
Spawning escapement 2 X      X X X X X X X X X 
Spawning composition 2 X  X X            

Sex ratio 2 X X X X            
Recruits 2 X X X X     X X      

Number of redds 2 X               

Run timing 1   X      X  X     

Spawn Timing 1 X               

Redd Distribution 1 X               

Genetics variation/structure 1 X  X X X X      X    

Effective pop. Size 1 X  X X        X    
Broodstock composition 2   X X            

Age at maturity 1 X X X X            

Size at maturity 1 X X X X            

Hatchery replacement rate 1 X X X X X  X X X X   X   
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Table 4.  Continued. 

Specific 
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Smolt-to-adult 2 X X X X X X X X X X   X   
Number of broodstock 2   X X            

Precocity rates 2     X X  X        
Residualism rates 2      X X X X X      

Stray rate 1 X X X X     X  X X    
Days of acclimation 2     X    X X      

Number juveniles released 1   X X X    X    X X  
Fecundity 2   X X            

Broodstock survival 2   X X            
In-hatchery survival 2     X    X X   X   

Size of juveniles released 1   X X X  X X X X   X X  
Growth rates 2    X X           

Incubation timing 3    X X           

Disease 1     X        X   
Density index 2     X           

Flow index 2     X           
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Table 4.  Continued. 

Specific 
Indicators 

LLevel 

Strategies 
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Pathogen values 2     X        X   
Hatchery effluent 2     X        X   

Smolts per redd 1 X     X        X X 
Egg-to-smolt 2 X     X        X X 
Egg-to-parr 3 X     X        X X 

Parr-to-smolt 3 X     X        X X 
Smolt-to-smolt 3 X     X   X       

Egg-to-fry 3 X              X 

NTTOC (A,S,D) 1      X X X X     X  

Harvest rate 1 X X X X      X      
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Table 5.  List of appendices outlining the methodologies for calculating indicators used in 
the M & E plan. 

Appendix Strategy 
Indicator(s) 

Primary Secondary and/or tertiary 

A Broodstock 
protocols 

Not applicable  Broodstock number 

B 
Broodstock 
collection 

Run timing Broodstock number, male to 
female ratio, run composition, run 
timing, trap efficiency, extraction 
rate 

C 

Hatchery 
evaluations 

Number and size of 
fish released 
 

Age at maturity, length at maturity, 
spawn timing, fecundity, 
broodstock survival, juvenile 
hatchery survival, rearing density 
index, incidence of disease 

D 

Post-
release 
survival and 
harvest 

HHR 
Exploitation rate 

SAR, harvest rates  

E 
Smolt 
trapping 

Smolts per redd Smolt production, egg-to-smolt 
survival, overwinter survival, 
size at emigration 

F 

Spawning 
ground 
surveys 

NRR 
Spawn timing 
Redd Distribution 

Spawning escapement, redd 
count, spawning composition, 
age structure, size at maturity, 
stray rates, 

G Relative 
abundance 

NRR Recruits 

H 
Genetics Genetic variation 

Stock structure 
Effective pop. size 

Broodstock composition, 
spawning composition, stray 
rates 

I NTTOC NTTOC Size, abundance, and 
distribution 

J 

Disease 
sampling 

Naturally produced 
fish incidence of 
disease 
Hatchery fish incidence 
of disease 

Flow index, hatchery effluent 
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Implementation 
 
A statement of work based on this document will be developed annually that outlines 
and prioritizes proposed M&E activities for the upcoming field season.  This document 
will be reviewed by the HCP HC for approval before being finalized prior to the field 
season.  The draft statement of work should be completed no later than July 1 and 
approved by the HCP HC no latter than September 1, unless otherwise agreed to by the 
HCP HC. 
 
The annual plan will serve two purposes; allow the HCP HC to determine whether the 
monitoring efforts are prioritized correctly and to determine costs of the program for 
budgeting.   
 
Reporting  
A yearly comprehensive report, in the form of a technical memorandum, will be 
completed for HC review.  A draft of the report will be ready for distribution by March 1 
of the year following the monitoring efforts.  A final report will be completed by the 
middle of May of the same year. 
 
Within the annual report, all indicators that were measured for that particular year will be 
displayed.  This will include topics such as smolt trapping information, run timing, spawn 
timing, redd distribution, stray rates, and all other information that is generated by 
additional analyses, like smolt-to-adult survival, NRR, HRR, etc.  Tables 3 and 4 should 
be used as guidance on what indicators are reported, as well as the yearly statement of 
work that is agreed upon by the HC. 
 
It will also be important to maintain cumulative information that is updated yearly as 
appendices to the technical memorandum. 
 
 
 
Glossary 

The following is a definition of terms used throughout the M&E Plan: 
Age at maturity:  the age of fish at the time of spawning (hatchery or naturally) 
Augmentation: a hatchery strategy where fish are released for the sole purpose of 
providing harvest opportunities. 
Adult-to-Adult survival (Ratio): the number of parent broodstock relative to the 
number of returning adults. 
Broodstock: adult salmon and steelhead collected for hatchery fish egg harvest 
and fertilization. 
Donor population:  the source population for supplementation programs before 
hatchery fish spawned naturally. 



 

  Wells Spring Chinook HGMP 
 Appendix A – Page 32 Wells Project No. 2149 

Effective population size (Ne):  the number of reproducing individuals in an ideal 
population (i.e., Ne = N) that would lose genetic variation due to genetic drift or 
inbreeding at the same rate as the number of reproducing adults in the real 
population under consideration (Hallerman 2003). 
ESA: Endangered Species Act passed in 1973.  The ESA-listed species refers to 
fish species added to the ESA list of endangered or threatened species and are 
covered by the ESA. 
Expected value: a number of smolts or adults derived from survival rates agreed to 
in the Biological Assessment and Management Plan (BAMP 1998). 
Extraction rate: the proportion of the spawning population collected for broodstock.  
Genetic Diversity: all the genetic variation within a species of interest, including 
both within and between population components (Hallerman 2003). 
Genetic variation:  all the variation due to different alleles and genes in an 
individual, population, or species (Hallerman 2003).  
Genetic stock structure:  a type of assortative mating, in which the gene pool of a 
species is composed of a group of subpopulations, or stocks, that mate 
panmictically within themselves (Hallerman 2003). 
HCP:  Habitat Conservation Plan is a plan that enables an individual or 
organization to obtain a Section 10 Permit which outlines what will be done to 
“minimize and mitigate” the impact of the permitted take on a listed species.  
HCP-HC  Habitat Conservation Plan Hatchery Committee is the committee that 
directs actions under the hatchery program section of the HCP’s for Chelan and 
Douglas PUDs.  
HRR: Hatchery Replacement Rate is the ratio of the number of returning hatchery 
adults relative to the number of adults taken as broodstock, both hatchery and 
naturally produced fish (i.e., adult-to-adult replacement rate). 
Long-term fitness: Long-term fitness is the ability of a population to self-perpetuate 
over successive generation.   
Naturally produced: progeny of fish that spawned in the natural environment, 
regardless of the origin of the parents. 
NRR: Natural replacement rate is the ratio of the number of returning naturally 
produced adults relative to the number of adults that naturally spawned, both 
hatchery and naturally produced. 
(NTTOC) Non-target taxa of concern: species, stocks, or components of a stock 
with high value (e.g., stewardship or utilization) that may suffer negative impacts 
as a result of a hatchery program.   
Productivity: the capacity in which juvenile fish or adults can be produced. 
Reference population: a population in which no directed artificial propagation is 
currently directed, although may have occurred in the past.  Reference populations 
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are used to monitor the natural variability in survival rates and out of basin impacts 
on survival.  
Segregated:  a type of hatchery program in which returning adults are spatially or 
temporally isolated from other populations. 
(SAR) Smolt-to-adult survival rate: smolt-to-adult survival rate is a measure of the 
number of adults that return from a given smolt population. 
Size-at-maturity:  the length or weight of a fish at a point in time during the year in 
which spawning will occur. 
Smolts per redd:  the total number of smolts produced from a stream divided by 
the total number of redds from which they were produced. 
Spawning Escapement: the number of adult fish that survive to spawn. 
Stray rate:  the rate at which fish spawn outside of natal rivers or the stream in 
which they were released. 
Supplementation: a hatchery strategy where the main purpose is to increase the 
relative abundance of natural spawning fish without reducing the long-term fitness 
of the population. 
Target population:  a specific population in which management actions are 
directed (e.g., artificial propagation, harvest, or conservation). 
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APPENDIX A 
 

Broodstock Collection Protocols 
 
The Broodstock Collection Protocol is intended to be implemented over a five-year 
period, consistent with the M & E plan.  This protocol will be updated annually base don 
the yearly run size estimates by the HCP-HC.  This appendix provides the methodology 
to determine where and when the actual broodstock would be collected and allows for 
in-season escapement estimates.  Appendix B (broodstock collection) provides the 
broodstock composition and numbers and will be used annually to adjust the broodstock 
collection composition.  
 
This protocol was developed for hatchery programs associated with the Wells Habitat 
Conservation Plan.  Hatchery programs or facilities operated by other agencies or tribes 
are not addressed in the document.  Trapping facilities associated with these programs 
have been operated in a similar manner without modifications for an adequate period of 
time to allow baseline data collection.  Using the actual trap extraction efficiencies 
broodstock collection protocols could be developed under a large range of run 
escapement scenarios.  This adult broodstock collection protocol is intended for 
implementation over a five-year period, consistent with the M & E plan.  After which, the 
Hatchery Committee could modify the protocol where appropriate to ensure collection 
goals are met while maintaining consistency with the overall program goals.  As trap 
modifications are completed in the Methow Basin (Twisp trap in 2005, Chewuch trap in 
2006), trap efficiencies and extraction rates for the new facilities would be calculated. 
 
The general approach in developing this protocol involved analyzing the last five years 
of run timing and trapping data.  Using the trapping period outlined in the 2004 protocol, 
stock specific daily and cumulative passage dates (i.e. 25%, 50%, 75%) were calculated 
(Table 1).  Weekly collection goals were calculated based on the proportion of the 
broodstock goal expected to migrate upstream of the collection location (Table 2).  
Weekly collection values would differ if the broodstock goal was not expected to be 
obtained for a given stock.  Using pre-season escapement estimates and the five-year 
trap extraction efficiencies (Table 3), the probability of achieving the broodstock 
collection goal can be estimated assuming the following general guidelines: 
 

• Very high probability - If the required trap extraction efficiency (broodstock 
goal/estimated escapement) is below the observed five-year minimum trap 
extraction efficiency. 

 
• High probability - If the required trap extraction efficiency (broodstock 

goal/estimated escapement) is below the observed five-year average trap 
extraction efficiency. 

 
• Moderate probability - If the required trap extraction efficiency (broodstock 

goal/estimated escapement) is below the observed five-year maximum trap 
extraction efficiency. 
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• Low probability - If the required trap extraction efficiency (broodstock 

goal/estimated escapement) is above the observed five-year maximum trap 
extraction efficiency. 

 
As previously mentioned, in-season escapement estimates will also be used to estimate 
the probability of achieving broodstock collection goals.  When the probability of 
achieving the broodstock goal is estimated to be moderate or low, modifications to the 
collection protocol, broodstock composition, or production level would occur on a stock 
specific basis (See flow charts).   
 
Table 1.  Cumulative passage dates of salmon and steelhead stocks based on the 
trapping period.  

Stock 

Cumulative passage dates during  
trapping period1 

25% 50% 75% 100% 

MEOK summer 12 Jul 22 Jul 08 Aug 14 Sept 

MEOK steelhead 29 Aug 15 Sep 28 Sep 31 Oct 

Met comp. spring 10 May 21 May 2 Jun 28 Jun 

 Twisp spring1  10 May 21 May 2 Jun 28 Jun 
1 To be determined at Twisp Weir following operation of new weir.  
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Table 2.  Weekly collection quotas for spring Chinook, summer Chinook and steelhead.  

1 A combination of hatchery and wild fish collected at Methow FH, Foghorn and 
Chewuch weir. 
 
 

 
 
 

 

Week MetComp1  
Twisp 
spring  

Wells 
Summer  

MEOK 
Steelhead 

H NP H NP H NP 
07 May 24       12   
14 May 32       16   
21 May 42      21   
28 May 44       22   
04 Jun 24       12   
11 Jun 20       10   
18 Jun 16         8   
25 Jun 14          7   
02 Jul 10       5   
09 Jul 8         4   
16 Jul 4         2 232    26   
23 Jul 2         1 195    22   
30 Jul 1         1 195   22   

06 Aug   195    22  15    6 
13 Aug   154    17  20    8 
 20 Aug   69      8  32  11 
 27 Aug   37      4  32  11 
03 Sep    32  11 
10 Sep    32  11 
17 Sep    51  21 
24 Sep    36  12 
01 Oct    28  11 
08 Oct    25  10 
15 Oct    15    6 
22 Oct    5    4 
29 Oct    3    1 
31 Oct     
07 Nov     
Total 242  0 121 1077 121  326 123
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Table 3.  Historical trap extraction rates and required escapement levels to achieve 
broodstock goal under average extraction rates. 

Stock 
Broodstock 

goal 
Required         

escapement Observed extraction rate1  

W H W H Mean Min Max

Wells summer 121 1077  

MEOK steelhead 123 326  

Twisp spring 121 0  

 Met comp 121 121  

  
Methow River Basin Spring Chinook 
 

The spring Chinook collection protocols will target specific populations of fish in the 
Methow Basin through broodstock collections in tributary locations and the remainder 
collected at Methow Hatchery. Fish will be collected from tributaries in an attempt to 
increase the number of natural origin fish incorporated into the broodstock and to 
improve local tributary survival attributes.  
 
Consistent with the BAMP (1998), Biological Opinion for ESA Section 10 Permit 1196; 
Permit 1196; and the Biological Opinion for Section 7 Consultation on the Interim 
Operations for the Priest Rapids Hydroelectric Project (FERC N0. 2114), WDFW 
proposes to collect broodstock consistent with the production level of 550,000 smolts, 
development of local tributary attributes and in a manner that reduces the Carson 
lineage within the supplementation production. 
 
The collection protocol outlines trapping at the Methow FH outfall and tributary trapping 
on the Methow, Chewuch, and Twisp rivers.  Site specific broodstock collection 
numbers and origin may vary due to unknown tributary trap efficiency, origin 
composition and extent of the return; however, the maximum number of broodstock 
spawned will not exceed 363 fish (assuming a 50:50 sex ratio). If sex ratios are skewed 
toward the male component, additional females may be targeted for broodstock 
collection.  Accurate sex determination is difficult early in the collection period; 
therefore, any shortfall in the number of females required for full production will likely be 
known toward the latter stages of broodstock collection. Additional collection at this time 
will require release of excess males in an effort to maintain a total spawning population 
no greater than 363 fish. All fish released will be retuned to the tributary of collection. 
Three hundred and sixty-three fish (182 females) accounts for a 15% reduction 
expected due to ELISA culling, 5% pre-spawn mortality and maximum facility production 
of 550,000 smolts. The number of natural origin fish available for broodstocking 
purposes will be revised “in-season” and will be proportional, based on the initial 
forecast provided in Table 2 of the 2005 upper Columbia River Salmon and Steelhead 
Escapement and Broodstock Forecast.   
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Current estimates have 4,573 Chinook destine above Wells Dam, 33% or 1,528 are 
expected to be natural origin (TAC forecast have no effect on this estimate, since the 
estimate was derived from hatchery releases, hatchery SARs, and natural production 
(R/S estimates) and not based on the TAC estimate).  “In-season” estimates of natural 
origin Chinook to individual tributaries will be estimated based on proportion natural 
origin returns to Twisp, Chewuch and upper Methow (Table 2 of the 2004 upper 
Columbia River Salmon and Steelhead Escapement and Broodstock Forecast) and 
33% proportion of natural origin fish in the total return past Wells Dam.  Natural origin 
fish inclusion into the broodstock will be a priority, with natural origin fish specifically 
being targeted; however, natural origin fish collections will not exceed 33% of the 
projected or in-season estimated return to any tributary spawning population. 
 
Methow FH Spring Chinook 
 
Biological Assumptions 
 
Production level                                                  550,000 yearling smolts 
Propagation survival 90% fertilization to release 
Maximum broodstock require 363                    
Natural origin/hatchery broodstock composition  90% / 10% 
Pre-spawn survival      95% 
Female to male ratio 1 to 1 
Fecundity   4,200 eggs/female 
ELISA cull rate  15% 
 
Winthrop NFH spring Chinook program (BAMP): 
 
Production Objective     600,000 yearling smolts 
Broodstock required      352 (BAMP) 
 
Trapping Locations 
 
Methow River 

Foghorn Dam 1 May – 30 July  
 
Trap 7-days/week- Operated by WDFW personnel.  Adipose present Chinook will be 
retained at this site.  All fish collected at this site will be held at the Methow FH. Up to 
121 fish (9.9% of the 1,228 fish projected to return to the mainstem Methow River) may 
be retained for broodstock purposes. One hundred percent (121 fish) may be natural 
origin (29.5% of the 410 natural origin fish projected to return to the mainstem Methow 
River). If other trap locations at the Methow FH, and Fulton Dam experience collection 
shortfalls, additional fish may be collected over and above the 121 fish to effectively 
minimize the shortfall. 
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In-season estimates of natural origin fish returning to the upper Methow River will be 
provided through initial estimates provided in Table 2 of the 2005 escapement and 
broodstock forecast and observed passage at Wells Dam. Overall broodstock collection 
and number of natural origin fish retained will be modified, in-season, as necessary to 
maintain a collection protocol that removes no more than 33% of the return. Fish 
collected at from the Methow River will be held at the Methow FH. 
 
Chewuch River 

Fulton Dam Trap  1 May – 30 July 
 
Trap 7-days/week- Operated by WDFW personnel.  The WDFW will also attempt to 
seine broodstock once a week at locations determined to be effective and where fish 
can be safely transported to Methow Hatchery.  Angling will be used as a last resort if all 
other methods do not provide adequate broodstock.    
 
Adipose present spring Chinook will be retained from the Chewuch River.  Up to 121 
fish (7.9% of the 1,524 fish projected to return to the Chewuch River) may be retained 
for broodstock purposes, of which, up to 121 natural origin fish (17% of the 680 natural 
origin fish projected to return to the Chewuch River) may be retained for broodstock 
purposes. If other trap locations at the Methow FH and Foghorn Dam experience 
collection shortfalls, additional fish may be collected over and above the 121 fish to 
effectively minimize the shortfall.   
 
In-season estimates of run size and origin of spring Chinook to the Chewuch River will 
be made, similar to that described for the Methow River.  The collection protocols will be 
modified as necessary to maintain an extraction of no more than 33% of the projected 
return.  Fish collected at the Chewuch trap will be held at the Methow FH. 
 
The trapping efficiency of the Fulton facility averaged 30% between 1992 and 1994, 
ranging from a low of 9.2 in 1992 to a high of 58.2% in 1993.  Significant river flows in 
1996 and 1997 disrupted the configuration of the dam, likely reducing the potential 
trapping efficiencies from those observed between 1992 and 1994.  Maintenance work 
completed in the spring of 2001 was expected to return trapping efficiencies to 
approximately 60%.  Unfortunately, the 2001 trapping efficiencies were approximately 
3.5%, significantly less than anticipated.  During the late winter/early spring of 2002, 
minor construction was again performed at the Fulton Dam site, seeking improvements 
to trapping efficiencies.  Trapping efficiencies during the 2002 broodstock collection fell 
to just 0.3%, a clear indication that the modifications completed in 2001 and 2002 failed 
to return the trap to pre-1994 trapping efficiencies. 
 
Current snow-pack in the Methow River Basin is low and reminiscent of conditions in 
2001.  Based on current snow-pack conditions, WDFW expects flow in the Chewuch 
basin to be similar to 2001 and therefore, expects trap extraction rates to be similar to 
2001 (approximately 3.5%).  WDFW anticipates the Fulton Dam trap to provide 
approximately 24 natural origin and 29 hatchery origin fish.  Based on the anticipated 
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collection at Fulton Dam, collections at the Methow FH will be required to address the 
shortfall in adult collections at Fulton Dam.  

Twisp River 

Twisp Weir 1 May – 30 July  
 
Trap 7-days/week- Operated by WDFW personnel.  A floating weir on the Twisp River 
provides for collection of Twisp stock spring Chinook.  Historically, trap efficiency at this 
facility has been low, averaging 16% (range 10.4% – 23.7%) between 1992 and 1994.  
During the 2001 trapping season, the trap efficiency was just 6% and fell to just 0.2% in 
2002.  A modified V-trap installed along the weir sill, adjacent to the trap entrance, 
increased the trap efficiency in 2003 to 42%; however the 2004 trap efficiency was 
estimated at 19.2%.  The installation of the permanent V-trap will allow trapping over a 
greater range of stream flows and should provide greater extraction potential than 
observed in 2004.  To guard against extracting more than 33% of the natural origin 
return, WDFW assumes the weir to have 100% extraction potential.  Based on an 
assumed 100% extraction potential, one of three natural origin fish captured will be 
retained for broodstock, effectively limiting the extraction to 33%. 
 
Based on an escapement estimate of 1,167 fish, including 445 natural origin and 722 
hatchery origin fish (2005 escapement and broodstock forecast), up to 121 fish (10.4% 
of the projected return to the Twisp River.) may be retained for broodstock purposes, of 
which a collection goal of 121 fish (27% of the projected natural origin return to the 
Twisp River) may be natural origin.  In-season estimates of run size and origin of spring 
Chinook to the Twisp River will be made, similar to that described for the Methow River.  
The collection protocols will be modified as necessary to maintain an extraction of no 
more than 33% of the projected return. Twisp origin spring Chinook trapped at this site 
will be held at the Methow FH. 
 
The Twisp weir poses several operating constraints, including stranding of steelhead 
and spring Chinook on the weir pickets during upstream and downstream movement.  
The new weir design is capable of submerging the pickets to allow stranded fish to swim 
off the pickets. The weir will be manned 24-hours/day to facilitate operation to minimize 
impact to steelhead kelts and spring Chinook fallback.  If the new weir design and 
operation cannot adequately address kelt migration or spring Chinook fallback, trapping 
will cease and the weir removed (pending appropriate flow conditions). 
 
Methow FH 
 
Methow FH Outfall Trap 01 May – 30 July 
 
Collection at the Methow Fish Hatchery outfall will be variable and dependent upon 
success of tributary collections.  Outfall trapping will be used in conjunction with 
tributary traps, seining and angling to achieve a production level of 550,000 ESA-listed 
upper Columbia River spring Chinook smolts.   
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Winthrop NFH 
 
Trapping is expected to occur at the Winthrop NFH and will be consistent with collection 
protocols provided by the USFWS. Additional adult collection at Winthrop NHF may 
occur, if required to meet broodstock collection shortfalls at the Methow FH, Foghorn 
Dam and Fulton Dam.  
 
Wells Dam 
 
No spring Chinook trapping at Wells Dam will occur unless the total annual adult return 
to Wells Dam is predicted to be 668 or less as identified in Section 10 Permit 1196.      
 

 
Columbia River Mainstem below Wells Dam 

 
Wells Hatchery Summer Chinook  
 
Biological Assumptions 
 
Wells program 320,000 yearling smolts (182 adults)  
   484,000 subyearlings (266 adults) 
Lake Chelan program 100,000 green eggs (44 adults)  
Rocky Reach program 200,000 yearling smolts (114 adults)  
 628,000 subyearlings (345 adults)  

450,000 accel. subyearling (247 adults)  
Broodstock required  1,198 
Broodstock composition 10% natural origin from west ladder  
Pre-spawn survival  90% 
Female to male ratio 1 to 1 
Fecundity   5,000 eggs per female 
Propagation survival    81% unfertilized egg to 0+ release 
   78% unfertilized egg to 1+ release 
 
Trapping Assumptions 
 
Trapping period     14 July – 28 August (hatchery origin) 
       01 July – 14 September (natural origin) 
# Days/week     3 
# Hours/day     16 (Monday-Wednesday) 
Broodstock composition    10% natural origin from west ladder 
Broodstock number     Not to exceed 33% of the population 
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The goal of the Wells/Turtle Rock summer Chinook program is to provide harvest 
augmentation.  Those fish that are not harvested have the potential and have been 
documented to spawn in tributaries where supplementation is currently ongoing.  Until a 
terminal fishery is developed or methods to reduce the number of Wells/Turtle Rock fish 
that spawn in tributaries are found, infusing natural origin genes into the broodstock will 
minimize the risk of inbreeding depression, genetic drift, and domestication selection.  
This is consistent with the objectives of the Harvest and Genetic Reserve program as 
outlined by NOAA Fisheries (Rob Jones, NOAA Fisheries, personal communication). 
 
Collect 1,198 run-at-large summer Chinook from the volunteer ladder trap at Wells Fish 
Hatchery outfall (1,077 hatchery fish) and west ladder (121 natural origin fish).  The 3-
year old component will be limited to 10% of the broodstock collection to minimize the 
potential of reduced production as a result of a strong 3-year-old age class, as was the 
case in 2001.  In the event excess fish are collected, they will be returned to the 
Columbia River below Wells Dam. 
 
Methow / Okanogan River Basins 
 
Wells Hatchery Steelhead  
 
Biological Assumptions 
 
Wells HCP (Methow/Okanogan)   349,000 yearling smolts (178 adults) 
Grant PUD BiOp (Methow/Okanogan)  100,000 yearling smolts (52 adults) 
WNFH transfer (Methow River)  100,000 smolts (55 adults) 
Ringold transfer (Columbia River)   180,000 smolts (88 adults) 
Grant PUD Survival Studies  150,000 yearling smolts (76 adults) 
Broodstock required  449 Adults 
Natural origin/hatchery broodstock composition 
 Wells Production 1/   33% / 67% 
 Survival Studies   0% / 100% 
Pre-spawn survival     97% 
Female to male ratio    1 to 1 
Fecundity      5,400 eggs per female 
Propagation survival    87% fertilization to eyed egg 
      86% eyed egg to yearling release 
      75% fertilization to yearling release 
 
1/- Includes Wells HCP, Grant PUD BiOp, Winthrop NFH and Ringold production. 
 
 
Trapping Assumptions 
 
Trapping period     01 July – 29 October 
# Days/week      3 
# Hours/day      16 
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Broodstock number/composition 
Wells Production     373 - (33% natural / 67% hatchery) 
Survival Studies     76 -  (0% natural / 100% hatchery) 
Total Broodstock     449 – (27% natural / 735 hatchery) 
 
Trapping efforts will selectively retain 449- steelhead at Wells Dam (East and West 
ladder collection), to attain a 33% natural origin component within the “Wells production” 
broodstock (123 natural origin steelhead) and 100% hatchery origin within the survival 
study production components.  Overall collection will not exceed 33% of the expected 
return (hatchery or natural origin).  Increasing the natural origin component within the 
broodstock to near 33% will provide opportunities to increase the HxW and WxW 
parental cross proportion from what has occurred previously under random run-at-large 
collections.  Increasing the number of HxW and WxW parental crosses within the Wells 
Program is consistent with management objectives described in WDFW’s ESA Section 
10 Permit 1395 Application and consistent with other upper Columbia River summer 
steelhead supplementation efforts. Collection within the “Wells Production” component 
will also be selective for adipose present hatchery origin steelhead (HxW parental 
crosses), consistent with production objectives.  The east and west ladder traps at Wells 
Dam will be operated concurrently, three days per week, up to 16 hours per day.  
Trapping on the east ladder will be commensurate with summer Chinook brood stocking 
efforts through 14 September and will continue through 29 October, concurrent with 
west ladder collections.  All steelhead excluded from the broodstock will be directly 
passed upstream at the trapping site or captured, examined and released upstream 
from the trap site. 
 
Adult return composition including number, origin, age structure, and sex ratio will be 
assessed in-season at Priest Rapids and Wells dams.  Broodstock collection 
adjustments will be made consistent with the estimated return of natural origin 
steelhead to Wells Dam and production objectives 
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APPENDIX B 
 

Broodstock Collection 
 

Task 1:  Collect the required number of broodstock that represent the demographics of 
the donor population with minimal injuries and stress to target and non-target fish. 
(Broodstock number, male to female ratio, run composition, run timing, trap efficiency, 
extraction rate)  
 
Task 1-1.  Develop broodstock trapping protocol based on program goal, estimated 
escapement, number and age classes of returning wild fish, minimum proportion of wild 
fish required in the broodstock, and demographics of the donor population to achieve 
production levels (Table 1).  
 
a. Ensure broodstock collection protocols are consistent with Section 10 

Permits. 
 

b. Reexamine and modify assumptions of the broodstock protocol to reflect recent 
data (e.g., male to female ratio, fecundity, prespawn survival, egg to smolt 
survival). 

 
Table 1.  Annual broodstock collection worksheet for Wells Complex programs. 

Stock 
Estimated 

escapement 
Broodstock 

goal 

Required 
extraction 

rate 

Observed 
extraction rate  

Estimated 
broodstock 

W H W H W H Avg Min Max W H 

Wells summer  121 1,077   

Wells steelhead  76 153   

Met comp. spring  242 0   

 Twisp spring  121 0   

 
 
Task 1-2.  Monitor operation of adult traps in the Twisp River, Chewuch River, Fulton 
Dam, Methow Hatchery, Wells Hatchery and Wells Dam. Ensure compliance with 
established broodstock collection protocols and Section 10 permits for each station. 
 
a. Record date, start time, and stop time of trapping operations. 
 
Task 1-3.  Conduct in-season run forecasts and modify broodstock protocols 
accordingly (Table 2). 
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a. Monitor run timing at Columbia River dams and make comparisons using 
previous years data. 

   
b. Determine run timing and size using PIT tag detections at Columbia River Dams. 
 
c. Make recommendations to broodstock collection protocols to increase probability 

of collecting broodstock goal. 
 
Table 2.  In-season Chinook and steelhead escapement worksheet.  

Stock 

Pre-
season 

run 
estimate 

Cumulative passage dates during  
trapping period1 In-season 

run 
estimate 25% 50% 75% 100% 

MEOK summer  12 Jul 22 Jul 08 Aug 14 Sept  

MEOK steelhead  29 Aug 15 Sep 28 Sep 31 Oct  

Met comp. springer  10 May 21 May 2 Jun 28 Jun  

 Twisp spring1   10 May 21 May 2 Jun 28 Jun  
1 To be determined at Twisp Weir following operation of new weir.  

 
 

Task 1-4.  Monitor timing, duration, composition, and magnitude of the salmon and 
steelhead runs at adult collection sites. 
 
a. Maintain daily records of trap operation and maintenance, number and condition 

of fish trapped, and river stage. 
 
b. Record species, origin, and sex of all fish collected for broodstock. 
 
c. Record species, origin, and sex of all fish not collected for broodstock (i.e., 

passed upstream). 
 
d. Collect biological information on trap-related moralities. Determine the cause of 

mortality if possible.   
 
Task 1-5.  Evaluate the efficacy of the broodstock protocol in achieving collection goals.  
 
a. Summarize results and review assumptions, escapement estimates, extraction 

rates, and broodstock goals. 
 
b. Calculate trapping efficiency (TE). 
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TE = Number of fish trapped/Estimated spawning escapement 
  
c. Calculate extraction rate (ER). 
 

ER = Number of fish collected/Estimated spawning escapement 
 
d. Ensure broodstock collections follow weekly collections quotas. 
 
e. Calculate trap operation effectiveness (TOE). 
 

TOE =   Number of hours trap operated 
Maximum number of hours trap could operate per protocol 

 
f. Calculate estimated maximum trap efficiency (i.e., TOE = 1). 
 

Estimated Max. TE =    Number of fish trapped/TOE 
  Estimated spawning escapement 

 
g. Provide recommendations on means to improve adult trapping and refinements 

to broodstock collection protocols for each stock. 
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APPENDIX C 
 

Hatchery Evaluation 
 

Task 2:  Conduct spawning operations and collect biological data from broodstock (Age 
at maturity, length at maturity, spawn timing, fecundity) 
 
Task 2-1.  Collect biological data from all broodstock during spawning including 
mortality (i.e., date, origin, scales, fork length and POH, DNA, CWT, and PIT tags). 
 
a. All females are sampled for disease (i.e., kidney, spleen, ovarian fluid). 
 
Task 2-2. Ensure proper mating schemes are followed that is consistent with the 
program objectives and per broodstock protocol. 
 
a. One female per incubation tray unless physically separated within tray. 
 
b. All egg lots will be run through an egg counter to determine fecundity  
 
Task 3:  Monitor growth and health during rearing and determine life stage survival rates 
for each stock at each of the Wells Hatchery Complex facilities. (Broodstock survival, 
juvenile hatchery survival, rearing density index, size at release, incidence of disease) 
 
Task 3-1.  Monitor growth of juvenile fish during rearing and prior to release. 
  
a. Collect end of month length and weight data. 

 
1. Whenever possible, crowd fish and dip net into 500-1000 fish into a net 

pen. 
 

2. Measure and record fork length on 100 fish to the nearest millimeter. 
  

3. Dip net approximately 200 fish into a bucket and record weight.  Calculate 
grams/fish by dividing total weight by number. 

 
4. Repeat weight sample three times and calculate average weight of fish. 

 
b. Collect length and weight data prior to release. 
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1. Whenever possible, crowd fish and dip net into 500-1000 fish into a net 
pen. 

 
2. Measure and record fork length (nearest millimeter) and weight (nearest 

0.1 g) on 200 fish. 
 

c. Analyze data to ensure fish were released at the proper fork length, condition 
factor, and size distribution (i.e., CV of fork length).       

 
Task 3-2.  Calculate end of month density indices for juvenile fish.   
 
a. Use end of month length and weight data and the total rearing volume to 

calculate rearing density index (DI). 
 

DI = (Population size* mean weight (lbs))/total rearing volume (ft3) 
Mean fork length (inches)  

 
Task 3-3. Monitor fish health, specifically as related to cultural practices that can be 
adapted to prevent fish health problems.  
 

a. Standard hatchery fish health monitoring will be conducted monthly by fish 
health specialist, with intensified efforts to monitor presence of specific 
pathogens that are known to occur in the donor populations.  Significant fish 
mortality of unknown cause(s) will be sampled for histopathological study.  

 
b. Collect biological information on all adult broodstock moralities. Determine the 

cause of mortality whenever possible. 
 
c. The incidence of viral pathogens in salmon and steelhead broodstock will be 

determined by sampling fish at spawning in accordance with the Salmonid 
Disease Control Policy of the Fisheries Co-Managers of Washington State. 
Stocks of particular concern may be sampled at the 100% level and may 
require segregation of eggs/progeny in early incubation or rearing. 

 
d. Determine antigen levels of Renibacterium salmoninarum (Rs, causative 

agent of bacterial kidney disease) in Chinook salmon broodstock by sampling 
fish at spawning using the enzyme-linked immunosorbent assay (ELISA). 

 
e. If required, provide recommendations to hatchery staff on means to segregate 

eggs/progeny based on levels of Rs antigen, protecting “low/negative” 
progeny from the potential horizontal transmission of Rs bacteria from “high” 
progeny. 

 
f. Autopsy-based condition assessments (OSI) or other physiological 

assessments deemed valuable would be used to assess hatchery-reared 
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salmon smolts at release. If needed, perform assessments at other key times 
during hatchery rearing. 

 
g. Provide recommendations on fish cultural practices at Wells Complex 

hatcheries and satellite stations on monthly basis. Summarize results for 
presentation in annual report or technical memorandum if applicable. 

 
Task 3-4.  Calculate various life stage survival rates for broodstock and juvenile fish 
(Table 3). 
 

a. Use the stock inventory at time of tagging to recalculate population sizes and 
life stage survival rates. 

 
Task 3-5.  Summarize broodstock collection, spawning, rearing survival, and release 
information in an annual technical memorandum.  
 
a. Where applicable, provide recommendations to increase survival rates of life 

stages that were lower than the survival standard or recommend studies to 
investigate causes of poor survival. 

 
Task 4:  Determine if broodstock collections and hatchery survival was adequate to 
achieve smolts releases at the programmed production levels (Number of fish released, 
size at release). 
 
Task 4-1.  Calculate the number of fish released from Wells FH Complex facilities. 
 
a. If release numbers are within ± 10% of the production levels no further action 

required (Table 4). 
 

b. If release numbers are not within ± 10% of the production levels determine what 
factors contributed to the shortage/overage. 

 
Task 4-2.  Calculate the size of fish released from Wells FH Complex facilities. 
 
a. If size at release numbers is within ± 10% of the target no further action required 

(Table 5). 
 
b. If size at release is not within ± 10% of the target determine what factors 

contributed to the shortage/overage. 
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Table 3. Hatchery life stage survival rate standards, 5 year mean (SD), and survival achieved for current brood year.  

Life stage Survival 
standard 

Wells  
steelhead 

Wells 
summer Chinook 

Methow  
spring Chinook 

Chewuch 
spring Chinook 

Twisp  
spring Chinook 

Mean 
(95%) 

Survival 
achieved 

Mean 
(95%) 

Survival 
achieved 

Mean 
(95%) 

Survival 
achieved 

Mean 
(95%) 

Survival 
achieved 

Mean 
(95%) 

Survival 
achieved 

Collection-to-
spawning 

90.0 
Female           

Collection-to-
spawning 

85.0 
Male           

Unfertilized 
egg-to-eyed  92.0           

Eyed egg-to-
ponding 98.0           

30 d after 
ponding 97.0           

100 d after 
ponding 93.0           

Ponding-to-
release 90.0           

Transport-to-
release 95.0           

Unfertilized 
egg-to-release 81.0           

Italics are revised survival standards 
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Table 4.  Summary of the number of fish released from Wells FH Complex. 

 
 
 
Table 5.  Size at release targets for fish released from Wells FH Complex. 

 
 
 
 
 
 
 
 
 
 

Stock Target 5-year 
min. 

5-year 
max. 

5-year 
mean 

Number 
released 

Wells yearling  
summer Chinook 320,000 185,200 45,770 321,060  

Wells subyearling 
summer Chinook 484,000 370,617 498,500 416,369  

Methow spring Chinook 183,024 66,454 218,499 155,570  

Chewuch spring Chinook 183,023 0 261,284 143,092  

Twisp spring Chinook 183,024 15,470 75,704 53,668  

Wells steelhead 348,858 390,965 694,765 539,768  

Stock 
Target  Actual 

Fork length 
(CV) 

Weight  Fork length 
(CV) 

Weight

Wells yearling summer 176 (9.0) 45.4  
Wells subyearling summer 140 (9.0) 22.7  
Methow spring Chinook 154 (9.0) 30.2  
Chewuch spring Chinook 154 (9.0) 30.2  
Twisp spring Chinook 154 (9.0) 30.2  
Wells steelhead 198 (9.0) 75.6  
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APPENDIX D 

Post-release Survival and Harvest 
 

Task 5:  Determine whether the survival from release-to-adult of fish from the Wells 
Hatchery Complex is sufficient to achieve the program goal. (Smolt to adult survival, 
hatchery replacement rate, exploitation rate, harvest rate) 
 
Task 5-1.  Mark (i.e., adipose fin clip) and tag (i.e., coded-wire tag or elastomer) each 
stock subjected to ocean fisheries or mainstem Columbia River commercial, sport, or 
tribal fisheries with sufficient coded-wire tags (CWT) to estimate harvest contribution.  
 
a. Provide summary of marked and unmarked smolt releases from the Wells 

Hatchery Complex. 
  

b. Determine the statistical requirements to provide reliable estimates of 
escapement and harvest contribution. Determine the number of coded-wire tags 
and other marks needed in relation to the number of recoveries expected.  

 
Task 5-2.  Summarize information at time of release that may influence post-release 
survival and performance. 
 
a. Calculate mean fork length (FL) at release, FL coefficient of variation (CV), and 

condition factor (K) for all stocks released from Wells Complex. 
 
b. Summarize fish health information (e.g., reports, OSI, precocity rates). 
 
c. Calculate the number of days rearing on well and river water.  Calculate the 

number of days reared at acclimation sites.    
 
Task 5-3.  When applicable, estimate travel time and smolt-to-smolt survival rates of 
hatchery and wild fish using PIT tag recaptures. 
 
a. Compare smolt-to-smolt survival, emigration rate, and duration with rearing water 

source, duration of acclimation, and size at emigration. 
 
Task 5-4.  Estimate the harvest contribution for each stock released from the Wells 
Hatchery Complex.  
 
a. Compile CWT recovery data from Wells Hatchery releases for inclusion in 

reports.   
  

b. Recover heads from marked (adipose fin clipped) returns to Wells Fish Hatchery 
Facilities during routine spawning operations. Transfer heads to WDFW tag 
recovery lab in Olympia, Washington.  
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c. Conduct statistically valid creel surveys during sport fisheries in the mid-
Columbia River to estimate harvest and adult returns of hatchery stocks from 
Wells Complex releases. 

 
d. For each brood year and run year, calculate exploitation rate and harvest rates in 

commercial, tribal, and sport fisheries.  
 
Task 5-5.  Estimate the contribution to spawning escapement for each stock released 
from the Wells Hatchery Complex.  
 
a. Provide a summary of the number of fish contributing to spawning escapement, 

broodstock, commercial, sport, and tribal fisheries. 
 
b. Calculate stray rates for all stocks released form Wells FH Complex facilities and 

compare with rearing water source and duration. 
 
Task 5-6.  Determine the smolt to adult survival rates (SAR) for each stock. 
 
a. Determine the total estimated the number of hatchery adults recovered in all 

fisheries, hatcheries, and spawning ground surveys using CWT data. 
 
b. To calculate SAR for salmon, use the estimated number of smolts released 

divided by the estimated number of hatchery adults. 
 
c. To calculate SAR for steelhead, use the estimated number of smolts released 

divided by the estimated number of adults migrating pass Priest Rapids Dam  
 
d. Examine the influence of size, fish health, rearing location, and acclimation on 

survival and straying.   
 
e. Compare SARs using CWT recoveries and PIT tag recaptures of adults, when 

applicable. 
 
Task 5-7.  Determine the expected and actual hatchery replacement rate for each brood 
year (Table 6). 
 

a. Calculate HRR by dividing the number of broodstock collected by the estimated 
number of returning adults.  

 
b. For stocks that fail to meet or exceed the expected hatchery replacement rate 

determine the life history stage that limited survival. 



 

  Wells Spring Chinook HGMP 
 Appendix A – Page 56 Wells Project No. 2149 

Table 6.  The expected and actual smolt to adult (SAR) and hatchery replacement rates (HRR) or adult to adult survival 
rates for Wells FH Complex programs. 

Program Number of 
broodstock 

Smolts 
released SAR 

Adult 
equivalents

# smolts/
adult HRR 

Wells yearling summer Chinook      
     Expected 182 320,000   0.003    960 333    5.3 
     Actual       
       
Wells subyearling summer Chinook       
     Expected 266 484,000 0.0012    581 833    2.2 
     Actual       
       
Twisp spring Chinook       
     Expected 121 183,024   0.003    549 333    4.5 
     Actual       
       
Methow spring Chinook       
     Expected 121 183,024   0.003    549 333    4.5 
     Actual       
       
Chewuch spring Chinook       
     Expected 121 183,023   0.003    549 333    4.5 
     Actual       
       
Wells steelhead       
     Expected 229 348,858   0.010 3,489 100 15.2 
     Actual       
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Appendix E 
 

Smolt Production 
 
Task 6:  Calculate freshwater production estimates of anadromous salmonids from 
selected river systems (Egg-to-smolt survival, smolts per redd, emigration timing, size at 
emigration) 
 
Task 6-1.  Install and operate a rotary smolt trap(s) in a location downstream from the 
majority of the spawning areas and that allows operation throughout the emigration 
period. 
 
Task 6-1-1.  Identify potential trap positions based on variation in flows.  Large 
variations in discharge may require alternate trap locations. 
 
Task 6-1-2.  Operate trap continuously throughout the emigration period. 
 
a. During the first year of operation at a new location determine the extent of 

emigration during daylight hours.  Significant emigration during the daylight hours 
will require trap efficiency trails to be conducted during both the day and night. 

 
b. Trap should be checked at a minimum every morning of operation.  Remove fish 

from the live box and place in an anesthetic solution of MS-222.  Identify fish to 
species and enumerate.  

 
c. Determine sample size requirements of target and nontarget species for 

biological sampling.  
 
d. All fish should be allowed to fully recover in fresh water prior to being released in 

an area of calm water downstream from the smolt trap. 
 
e. Pressure wash trap and clean debris from cone and live box prior to leaving.   
 
Task 6-2.  Collect daily environmental and biological data. 
 
a. Record the time the trap was checked, water temperature, river discharge, and 

trap position, if applicable.  
 
b. Identify species and enumerate all fish captured to include life stage for non-

anadromous species (e.g., fry, juvenile, and adult) or degree of smoltification for 
anadromous species (i.e., parr, transitional, or smolt).  Parr have distinct parr 
marks, transitional fish have parr marks that are fading and not distinct, and 
smolts do not have parr marks and exhibit a silvery appearance, often with a 
black band on the posterior edge of the caudal fin. 
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c. Examine all fish for external marks as a result of trap efficiency trails and record 
them as recaptures. 

 
d. Record fork length and weight measurements for all fish, or per designated 

sample size.  All fish to be used in mark/recapture efficiency trials will be 
measured and weighed, and again as subsequent recaptures.  Fork length is 
measured to the nearest millimeter and weight to the nearest 0.1 g.   

 
e. Scales samples should be randomly collected throughout the emigration period 

from species with multiple year class smolts (i.e., steelhead and sockeye).  
 
Task 6-3.  Conduct mark-recapture trials for target species to develop a discharge-trap 
efficiency linear regression model to estimate daily trap efficiency.   
 
Task 6-3-1.  Conduct mark/recapture efficiency trials throughout the trapping season at 
the largest range of discharge possible.   
 
a. No less than 100 fish should be used for each trial. 
   
b. Parr and smolts can be marked by clipping the tip of either the upper or lower 

lobe of the caudal fin.  Alternate fin clip location for each trial.  Fry should be 
marked with dye. 

 
c. All marked fish should be allowed to recover in a live pen for at least 8 h before 

being transported to a release site at least 1 km upstream of the trap.  Release 
marked fish across the width of the river, when possible, or equally along each 
bank in pools or calm pockets of water.   

 
d. Nighttime efficiency trials should be conducted after sunset.  Daytime efficiency 

trials should be conducted after sunrise. 
 
e. The following assumptions should be valid for all mark-recapture trials: 
 

1. All marked fish passed the trap or were recaptured during time period i. 
 

2. The probability of capturing a marked or unmarked fish is equal.      
 

3.   All marked fish recaptured were identified. 
 

4.   Marks were not lost between the time of release and recapture. 
 
f. Calculate trap efficiency using the following formula.   
 

Trap efficiency =  
 

i i iE R M=
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Where Ei is the trap efficiency during time period i; Mi is the number of marked 
fish released during time period i; and Ri is the number of marked fish recaptured 
during time period i.   
 

Task 6-3-2.  Perform linear regression analysis using discharge (independent variable) 
and trap efficiency (dependent variable) data from the mark-recapture trails to develop a 
model to estimate trap efficiency on days when no mark-recapture trials were 
conducted.  Separate models should be developed for each trap position and target 
species. 
 
Task 6-4.  Estimate daily migration population by dividing the number of fish captured 
by the estimated daily trap efficiency using the following formula: 

Estimated daily migration  =  
 
where Ni  is the estimated number of fish passing the trap during time period i; Ci is the 
number of unmarked fish captured during time period i; and ei is the estimated trap 
efficiency for time period i based on the regression equation.   
 
Task 6-5.  Calculate the variance for the total daily number of fish migrating past the 
trap using the following formulas: 
 

Variance of daily migration estimate = 

 
 
where Xi is the discharge for time period i, and n is the sample size.  If a relationship 
between discharge and trap efficiency was not present (i.e., P < 0.05; r2 ≤ 0.5), a pooled 
trap efficiency was used to estimate daily emigration: 
 
Pooled trap efficiency =  
 
The daily emigration estimate was calculated using the formula:  

Daily emigration estimate =  

 
The variance for daily emigration estimates using the pooled trap efficiency was 
calculated using the formula: 
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Task 6-6.  Estimate the total emigration population and confidence interval using the 
following formulas: 
   
Total emigration estimate =  
 

95% confidence interval =  
 
Task 7:  Calculate survival rates at various life stage for target species. 
 
Task 7-1.  Calculate the total estimated egg deposition for the selected river. 
 
a. When possible, estimated egg deposition should be based on the average 

fecundity of the spawning population.  Hatchery broodstock randomly collected 
from the run should provide a representative sample of the spawning population.  

 
b. Multiply the average fecundity by the total number of redds upstream of the trap 

location to estimate the total egg deposition. 
 
Task 7-2.  Calculate the egg-to-emigrant or egg-to-smolt survival of the target species, 
dependent on the trap location in the watershed and life history of the target species. 
 
a. Egg-to-emigrant survival rates are calculated by dividing the total estimated 

number of subyearling and yearling fish of the same brood year by the total 
estimated number of eggs deposited. 

    
b. Egg-to-smolt survival rates are calculated by dividing the total estimated number 

of smolts of the same brood year by the total estimated number of eggs 
deposited.  For species with multiple year class smolts, the egg-to-smolt survival 
may require several years of trapping data. 

 
Task 7-3.  Calculate egg-to-parr and parr-to-smolt (i.e., overwinter) survival for target 
species. 
 
a. Egg-to-parr survival rates are calculated by dividing the total estimated number of 

parr the total estimated number of eggs deposited.  Parr estimated are derived 
independently using snorkel methodologies described in Hillman and Miller 
(2002). 

 
b. Parr-to-smolt survival rates are calculated by dividing the overwinter population 

by the total estimated number of smolts that emigrated that following spring.  The 
overwinter population is calculated by subtracting the estimated number of parr 
that emigrated following the completion of the summer parr estimate.   

Ni∑

[ ]196. var× ∑ Ni
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c. To estimate the parr-to-smolt survival rate of those parr that emigrated, 

representative samples of subyearling and yearling emigrants should be PIT 
tagged (N = 5,000/group). Subsequent PIT tag survival analysis would provide 
the relative survival of the two groups.  The estimated number of parr could be 
converted to smolts based on the reduced survival.  Subsequently, an egg-to-
smolt survival estimate (versus and egg-to-emigrant) could be calculated.     



 

  Wells Spring Chinook HGMP 
 Appendix A – Page 63 Wells Project No. 2149 

Appendix F 

Spawner Escapement and Distribution 
 

Task 7:  Determine the stock demographics, spawn timing, redd distribution, redd 
abundance, and estimate the spawning escapement of selected streams (spawner 
escapement, proportion of hatchery fish, fish per redd, number of precocial fish, sex 
ratio, redd distribution, spawn timing, stray rate).      
 
Task 7-1.  Delineate survey reaches of all available spawning habitat.  Whenever 
possible, use historical reaches for comparisons across years. 
 

a. Reaches should not take longer than one day to survey. 
 

b. Historical reaches can be subdivided if required. 
  

c. Beginning and end points of reaches should be fixed locations (e.g., 
confluence with a stream or bridge). 

 
Task 7-2:  Conduct comprehensive spawning ground surveys of all available spawning 
habitat and count all redds within a selected stream (i.e., total redd count). 
 

a. Conduct weekly surveys of all reaches by foot or raft.  The survey period 
should begin at the earliest known date of spawning and continue until no 
new redds have been observed within a reach.   

 
1. One person can conduct surveys on small stream were both stream 

margins are easily observed.  Two people should conduct surveys 
whenever both stream margins cannot be easily observed from a location. 

 
2. When a raft is used to conduct surveys, two observers should be in a 

elevated position at the front of the raft while one person navigates the 
raft. 

 
b. Individually number all completed redds. 

 
1. In areas with low spawner density, flagging can be placed on the nearest 

vegetation.  Data on flag should include unique redd number, distance 
from flag to redd, and date.  Data recorded in field notes should include 
date, water temperature, reach, and redd number.  If applicable, the 
number and origin of the fish on the redd should be recorded. 

 
2. In areas with medium and high spawner density, mapping of redds is 

required.  Site specific (e.g., a single riffle), area specific (e.g., section of 
stream between two power lines), or aerial photographs can be used to 
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annotate redds.  Redds should be uniquely number on the map(s).  
Different symbols should be used complete, incomplete, and test redds.  

 
3. All completed redds should have the correct redd morphology (i.e., well 

developed tailspill and pit or the appropriate size for the target species).  
Incomplete redds have fish actively constructing a redd, but no completed.  
Test digs are disturbed areas of substrate that do not have the correct 
morphological characteristics for the target species.  

 
Task 7-3:  Conduct index spawning ground counts and estimate the total number of 
redds in a selected stream. 
 
Task 7-3-1:  Identify index reaches in selected tributaries. 
 
a. Index reaches should overlap historical reaches whenever possible. 
 
b. Index reaches should be identified in streams with known or suspected spawning 

populations. 
 
c. Index reaches should be located in the core spawning locations of the stream. 
 
d. Multiple index areas should be identified for streams when any of the following 

apply: 
 

1. Potential spawning habitat of target species cannot be surveyed in one 
day for any reason. 

 
2. Large tributaries enter the stream that may affect visibility. 

 
3. Significant gradient changes that may affect visibility. 

 
Task 7-3-2:  Conduct comprehensive spawning ground surveys and count all redds 
within an index area (See Task 5-2). 
 
Task 7-3-3:  Conduct a final survey of the entire reach(s) at the end of spawning or after 
peak spawning if poor water conditions are expected ( totaln ).   
 

a. Count all redds in each reach.  Marking redds is not required. 
 

b. A different surveyor should survey within the index area.  Count only redds 
that are visible. 

 
c. Calculate an index expansion factor (IF) by dividing the number of visible 

redds in the index by the total number of redds in the index area. 
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n
nIF

total

visible=  

 
 

d. Expand the non-index area redd counts by the proportion of visible redds in the 
index to estimate the total number of redds in the entire reach (RT). 

 

IF
nRT indexnon−=  

 
e. Estimate the total number of redds (TR) by summing the reach totals. 

 
∑= RTTR  

 
Task 7-4:  Conduct comprehensive modified-peak spawning ground surveys and 
estimate the total number of redds in a selected stream. 
 
Task 7-4-1:  Establish index areas per Task 5-3-1. 
 
Task 7-4-2:  Conduct comprehensive spawning ground surveys and count all redds 
within an index area (See Task 5-2). 
 
Task 7-4-3:  Conduct comprehensive peak spawning ground surveys within non-index 
and index areas. 
 

a. Different survey crew must perform the index area total counts and the index 
area peak counts. 

 
b. Count all visible redds within the non-index area, but do not individually mark the 

redds. 
 
Task 7-4-4:  Calculate an index peak expansion factor (IP) by dividing the peak number 
of redds in the index by the total number of redds in the index area. 
 

n
nIP

total

peak=  

 
 
Task 7-4-5:  Expand the non-index area peak redd counts by the IP to estimate the total 
number of redds in the entire reach (RT). 
 

IP
nRT peak=  
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Task 7-4-6:  Estimate the total number of redds (TR) by summing the reach totals. 
 

∑= RTTR  

 
Task 7-5:  Conduct carcass surveys on selected streams and collect biological data 
from a representative sample (i.e., 20%) of the spawners. 
 
a. Determine the sampling protocol based on escapement and effort.  A sampling 

rate of 100% of all carcasses encountered is normally required, the exception is 
for sockeye. 

 
b. Collect biological data from all carcasses sampled, including: 
 

1. Sex. 
2. Fork and post orbital-to-hypural length (cm). 
3. Scales. 
4. Remove snout including the eyes for CWT analysis is adipose fin-clipped 

or if origin is undetermined. 
5. Number of eggs in body cavity, if body cavity is intact. 
6. DNA tissue (5 hole punches from opercle) if applicable.  

 
c. All biological information should be recorded on the scale card to include: 
 

1. Date. 
2. Stream. 
3. Reach. 
4. Stream survey tag number if snout was collected. 
5. DNA sample number if tissue was collected. 

 
d. All sampled carcasses must have the tail removed (posterior of the adipose fin) 

and placed back into the stream after data have been recorded. 
 
Task 7-6:  Conduct snorkel surveys on redd to determine the incidence of precocial fish 
spawning in the wild. 
 
a. Determine sampling protocol based on escapement and personnel. 
 
b. Survey crews should consist of two snorkelers. 
 
c. Snorkel surveys should be conducted only on active redds (i.e., presence of 

spawning female). 
 
d. Snorkel surveys should be conducted in an upstream direction. 
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e. Record the number of males by size (e.g., adult, jack, or precocial) and origin 
(e.g., wild or hatchery).  

 
Task 7-7:  Determine the spawning distribution of wild and hatchery fish in a selected 
stream. 
 
a. Assume the carcass recovery location (i.e., reach) is also the spawning location. 
 
b. Calculated the proportion of the spawning population that spawned in each reach 

and compare with historical values (i.e., before supplementation). 
 
c. Compare the proportion of each component (i.e., wild and hatchery) that 

spawned in each reach. 
 
Task 7-8:  Calculate a sex ratio and fish per redd ratio (i.e., redd expansion factor) for a 
selected stream. 
 
a. Sex ratios for spawning populations should be calculated for the hatchery 

broodstock if the broodstock was randomly collected from the run-at-large. 
 
b. If broodstock stock was not collected randomly from the run-at-large, trapping 

records can be used in conjunction with the broodstock to develop a random 
sample provided sex was recorded for those fish trapped and released. 

 
c. Once a sex ratio has been determined for a stock (e.g., 1 female: 1.5 males) a 

redd expansion factor can be calculated by summing the ratio (e.g., 1 female: 1.5 
males = 2.5 fish per redd).   

 
1. Assumptions associated with this methodology include: a female 

constructs only one redd and male fish only spawn with one female. 
 

d. This redd expansion factor can be applied to stocks without a hatchery 
broodstock, but have similar age compositions. 

 
e. An alternative method (Meekin 1967) involves using previously calculated adults 

per redd values (i.e., 2.2 adults/redd for spring Chinook and 3.1 adults/redd for 
summer Chinook) and adjusting for the proportion of jacks in the run (e.g., jack 
spring Chinook comprise 10% of the run. The redd expansion factor = 2.2 x 1.1 = 
2.4 fish/redd).     

 
Task 7-9:  Calculate the proportion of hatchery fish (target and non-target or strays) on 
the spawning grounds. 
 



 

  Wells Spring Chinook HGMP 
 Appendix A – Page 68 Wells Project No. 2149 

a. The proportion of hatchery on the spawning grounds is determined via scale 
analysis from carcasses randomly collected over the spawning period and all 
available habitat.   

 
b. Stray rates are calculated from CWT recoveries divided by tag rate and sample 

rate. 
 
Task 7-10:  Summarize length-at-age and age-at-maturity data for the spawning 
population.     
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Appendix G 
 

Relative Spawner Abundance Monitoring 
 
Task 8:  Determine if the relative abundance of supplemented populations is greater 
than non-supplemented populations and the influence the relative proportion of hatchery 
origin spawners may have on the abundance (NRR, recruits). 
 
Task 8-1.  Calculate the adult-to-adult survival rates or natural replacement rate (NRR) 
for selected stocks using the formula  
 

SrrrNRR iiii ...321 +++=
+++

 

 
a. Estimate the number of spawners (S) from redd counts during year i by 

expanding the total redd count by a redd expansion value.  When comparing 
across years, the number of spawners should be calculated using the same 
methodologies. 

 
1. When available, use the sex ratio of broodstock randomly collected from 

the run as the redd expansion factor. 
 
2. The alternate method would be the modified Meekin method that is 

calculated using a 2.2 adults/redd values expanded for the proportion of 
jacks within the run. 

 
b. Estimate the number of recruits (r).  When applicable, use the age composition 

derived from broodstock randomly collected from the run in stock 
reconstruction.  Age composition data derived from spawning round surveys 
may bias towards larger and older fish. 

 
1. Exploitation rate of hatchery fish (indicator stock) may be used for 

naturally produced fish provided the stock was not subjected to selected 
fisheries. In which case, a hooking mortality should be applied and recruits 
adjusted accordingly. 

 
2. Stocks without a hatchery component (i.e., reference streams) may use 

exploitation rate of supplemented stock provide there is no difference in 
run timing or probability of harvest. 

 
c. Conduct spawner-recruit analysis to explain density dependent effects within 

each of the supplemented and reference stream and correlate with the 
proportion of hatchery spawners for each brood year. 
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Task 8-2.  Compare NNR of supplemented stream and reference stream to detect 
differences due to supplementation program. 
 
a. When possible, establish baseline conditions (i.e., before supplementation) for 

supplemented and reference streams.  Ensure spawning data is comparable 
across years and calculated using similar methodologies for each stream, 
preferably both streams.  

 
b. High variability in SAR may preclude use of NRR.   
 
Task 8-3.  Compare the relationships of the number of smolts per redd (independent 
variable) and NRR (dependent variable) of the supplemented and reference streams.  
 

a. Conduct regression analysis using number of smolts per redd and NRR of both 
the supplemented stream and reference stream.  Adjust the number of smolts 
per redd variable for differences in the number of Columbia River hydro 
projects between the supplemented and reference streams.   

 
b. Perform statistical analysis to determine if the slope of the two regression 

equations is similar. 
 
Task 8-4.  Conduct statistical analysis to determine what influence hatchery fish may 
have on relative abundance. 
 

a. Examine the relationship between the proportion of hatchery fish on the 
spawning grounds and NRR. 

 
b. Examine the relationship between the proportion of hatchery fish on the 

spawning grounds and egg-to-emigrant survival. 
 

c. Examine the relationship between the proportion of hatchery fish on the 
spawning grounds and the number of smolts per redd. 

 
d. Examine the relationship between the proportion of hatchery fish on the 

spawning grounds and smolt-to-adult survival. 
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Appendix H 

 
Genetics 

 
Task 9:  Determine if genetic variation of hatchery-origin fish is similar to that of donor 
population and naturally produced fish in supplemented populations (Genetic variation, 
proportionate natural influence). 
 
Task 9-1.  Establish a genetic sampling and analysis schedule for programs in the Wells 
FH Complex. 
 
a. Prioritize programs for evaluation relative to recovery monitoring needs.  An 

example scheme is shown in Table 7. 
 
b. Determine if adequate genetic samples (N= 50 to 100 per year for at least 2 

years) of donor population per program have been collected. 
  
c. If necessary, design a sampling plan to collect additional donor population 

samples. 
 
d. Determine whether suitable DNA markers are available or need to be developed 

for target species. 
 
e. Determine the number of genetic samples from current wild population(s) and 

hatchery-origin adults that need to be collected each year of an evaluation period 
(period length depends on species).  

 
f. Develop annual schedule of laboratory analysis and reporting with agency 

genetics staff. 
 
g. Conduct analyses and evaluate results. 
 
h. Determine the frequency of analysis necessary for long-term monitoring of 

genetic variation in naturally produced and hatchery-origin populations. 
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Table 7.  Example of prioritized genetic sampling and analysis scheme for evaluation of 
Wells FH programs (D=Donor population pre-hatchery program, H=hatchery, 
NP=naturally produced). 

Stock Origin 
Last samples collected  

Priority Start 
year Year(s) N Stage  

Twisp spring 
Chinook 

D     1 2006 
H     1 2006 
NP     1 2006 

MetComp spring 
Chinook 

D     2 2007 
H     2 2007 
NP     2 2007 

Wells  
Steelhead 

D     3 2008 
H     3 2008 
NP     3 2008 

Wells summer 
Chinook 

D     4 2009 
H     4 2009 
NP     4 2009 

 
Task 9-2.  In conjunction with genetic sampling schedule, conduct evaluation of 
phenotypic traits that serve as indicators of potential domestication impacts of hatchery 
programs 
 
a. Determine availability and applicability of historical phenotypic data from donor 

populations.   If data are not adequate, develop plan to acquire appropriate 
contemporary data. 

  
b. Determine availability and extent of phenotypic data from current hatchery and 

natural populations and whether sample sizes from annual samples are 
adequate.  Phenotypic data sets should extend over a series of years to account 
for effects of environmental variability.  Plan data collection schedule if necessary 
for current populations. 

 
c. Conduct data analysis using appropriate statistical methods. 
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d. Where available spawning ground survey data are suitable, calculate recent and 
historical proportionate natural influence (PNI; formula shown below) for target 
stocks.  Develop survey protocol where data are unavailable, and collect 
spawning ground data for target stocks throughout evaluation period in order to 
calculate PNI. 

 
PNI  =        proportion of natural produced fish in the broodstock (pNOB) 

        pNOB + proportion of hatchery fish on the spawning grounds (pHOS) 
 
 
Task 10:  Determine if genetic stock structure of within-basin natural populations has 
changed due to effects of hatchery programs. 
 
Task 10-1.  Establish a sampling and analysis schedule for potentially affected 
populations in the Upper Columbia Basin. 
 
a. Based on program prioritization established in Task 9-1, determine if adequate 

historical genetic samples (N= 50 to 100 per year for at least 2 years) of 
potentially affected populations are available. 

  
b. If necessary, design and conduct a sampling plan to collect appropriate within-

basin population samples.  An example scheme is shown in Table 8 relative to 
the Chiwawa spring Chinook program.  

 
c. Depending on baseline data available (historical and/or recent), develop data 

analysis plan to assess temporal variability of with-in basin genetic population 
structure over meaningful time frames. 

 
d. Develop schedule of laboratory analysis and reporting with agency genetics staff. 
 
e. Conduct analyses and use results to determine subsequent evaluation needs. 
 
Task 10-2.  Establish a field sampling and data analysis program to verify and monitor 
impacts from hatchery programs on affected within-basin populations. 
 
a. Based on genetic results from Task 10-1, design a sampling plan to enumerate 

hatchery-origin strays within non-target, affected populations and to collect 
genetic samples of naturally produced fish of pertinent brood years from these 
populations. 

 
b. Conduct genetic laboratory and statistical analyses and evaluate results. 
 
c. Determine the frequency of analysis necessary for long-term monitoring of 

genetic effects of hatchery supplementation fish on non-target natural 
populations. 
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Table 8.  Example of genetic sampling and analysis scheme for evaluation of effect of 
Methow spring Chinook supplementation program on within-basin population structure 
(NP=naturally produced). 
 

Stock Origin Last samples collected  Priority Year 
Year N Stage    

Twisp spring 
Chinook 
 

NP      1 2006 

Methow spring 
Chinook  
 

NP     1 2006 

Chewuch spring 
Chinook 
 

NP     1 2006 

Entiat R. spring 
Chinook 

NP     1 2006 

 
Task 11:  Determine if effective population size (Ne) of target natural spawning 
populations increases at rate expected given an increase in hatchery-origin fish on the 
spawning grounds. 
 
a. In order to estimate current or baseline Ne, assess whether temporal samples of 

naturally spawning populations planned in Task 9-1(e) provided the necessary 
genetic data from natural-origin adults of same brood year from at least three 
brood years.  (Indirect estimates of Ne are made from temporal variation of gene 
frequencies or genetic linkage disequilibrium in cohorts). 

 
b. If adult (by brood year) sample sizes are adequate, estimate Ne for the base 

period using genetic methods. 
 
c. If adult (by brood year) sample sizes are not adequate, design and conduct 

genetic sampling of same brood year naturally produced juveniles for at least a 
three year period. 
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d. Conduct laboratory analyses to collect genetic data from juvenile samples and 

estimate Ne. 
 
e. Compare Ne results to spawning ground survey estimates of annual spawner 

population census sizes, and proportions of naturally spawning hatchery- and 
wild-origin fish. 

 
f. At least one generation later, assuming supplementation program is providing 

large proportions of hatchery-origin fish and their natural adult progeny on 
spawning grounds, ensure that sampling for other evaluation and monitoring 
purposes includes adequate temporal genetic samples of same-brood year 
natural adults. 

 
g. Conduct laboratory analyses to collect genetic data from adult samples if these 

data are not being collected to accomplish another evaluation task. 
 
h. Estimate Ne for the later period using genetic methods and compare results to 

survey data on census size and hatchery/wild proportions. 
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Appendix I 
 

Monitoring non-target taxa of concern 
 
Task 12:  Monitor non-target taxa of concern (NTTOC) to determine if impacts are within 
acceptable levels. 
 
Task 12-1.  Identify NTTOC for each target stock and define acceptable level of impact 
associated with hatchery program (Table 9). 
 
Task 12-2.  Identified the most probable interactions (Table 10) that would impact 
NTTOC as described by Pearsons et al. (19XX). 
 
Task 12-3.  Conduct risk assessment to prioritize monitoring effort (Table 11). 
 
Task 12-4.  Monitor size, distribution, and abundance of NTTOC as it relates to target 
stock and determine impact levels. 
 
a. Monitor size and abundance of NTTOC using smolt traps. 
 
b. Monitor distribution of NTTOC using snorkel surveys.   
 
c. If impact levels exceed acceptable levels determine if changes in NTTOC are 

correlated to changes in production levels, size of fish released from hatchery, or 
location hatchery fish are released. 
 
1. Determine if changes in abundance are a result from predation, disease, 

or competition. 
 

2. Determine if changes in size are a result of competition. 
 

3. Determine if changes in distribution are a result of predation, disease, or 
competition. 

 
Task 12-5.  Develop and implement specific research studies to determine causation of 
impacts to NTTOC. 
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Table 9. NTTOC containment objectives for hatchery programs in the Upper Columbia 
River ESU. Impacts are defined as the decline in one or more variables 
(size, abundance, and distribution) that can be attributed to hatchery fish. 

Target Species/Stock NTTOC Containment Objective 
Common to all programs Bull trout No impact (0%) 
 Pacific lamprey No impact (0%) 
 Mountain sucker Very low impact (≤ 5%) 
 Leopard dace Very low impact (≤ 5%) 
 Westslope cutthroat Low impact (≤ 10%) 
 Resident O. mykiss Low impact (≤ 10%) 
 Mountain whitefish Moderate impact (≤ 40%) 
 Other native species1 High impact (≤ 

Maximum) 
   
Twisp spring Chinook Methow steelhead No impact (0%) 
 Twisp spring Chinook  No impact (0%) 
 Methow summer Chinook Low impact (≤ 10%) 
   
Metcomp spring Chinook Methow spring Chinook No impact (0%) 
 Chewuch spring Chinook No impact (0%) 
 Methow steelhead No impact (0%) 
 Methow summer Chinook Low impact (≤ 10%) 
   
Methow steelhead Methow spring Chinook No impact (0%) 
 Chewuch spring Chinook No impact (0%) 
 Twisp spring Chinook No impact (0%) 
 Methow steelhead No impact (0%) 
 Methow summer Chinook Low impact (≤ 10%) 
   
Methow summer Chinook Methow spring Chinook No impact (0%) 
 Methow steelhead No impact (0%) 
 Methow summer Chinook Low impact (≤ 10%) 
   
Okanogan summer Chinook Okanogan steelhead No impact (0%) 
 Okanogan summer Chinook Low impact (≤ 10%) 
   
Wells summer Chinook Methow spring Chinook  No impact (0%) 
 Methow steelhead No impact (0%) 
 Okanogan steelhead No impact (0%) 
 Methow summer Chinook Low impact (≤ 10%) 
 Okanogan summer Chinook Low impact (≤ 10%) 
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1/ Native species refers to all other species endemic to the subbasin.  Impacts to should 
not exceed a level required to maintain a sustainable population. 
 
 
Table 10.  Species interactions between hatchery programs and NTTOC 
(C=competition, F=Prey for predators, P=Predation, D=disease). 

Hatchery 
program NTTOC Interaction 

Type Risk Potential Uncertainty
Methow/Twisp  
spring Chinook 

Steelhead C, F, D Low Low Mod. 
Spring Chinook  C, F, D High Mod High 
Bull trout C, F, D Low Low Low 
WCT C, F, D Low Low Low 
Resident O. mykiss C, F, D Mod Mod Mod 
Mountain sucker C, F, D Low Low Low 

      
Wells  
steelhead 

Spring Chinook C, P, D Mod Mod Low 
Summer Chinook C, P, D Mod Mod Low 
Sockeye C, P, D Low Low Low 
Bull trout C, P, D Low Low Low 
WCT C, P, D Mod Mod Low 
Resident O. mykiss C, P, D Mod High Mod 
Mountain sucker C, P, D Low Low Low 
Pacific lamprey C, P, D Low Low Low 

 Leopard dace C, P, D Low Low Low 
      
Wells summer 
Chinook 

Spring Chinook C, F, D High Mod Mod 
Steelhead C, F, D Low Low Low 
Bull trout C, F, D Low Low Low 
WCT C, F, D Low Low Low 
Resident O. mykiss C, F, D Low Low Low 
Mountain sucker C, F, D Low Low Low 
Pacific lamprey C, F, D Low Low Low 
Leopard dace C, F, D Low Low Low 
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Table 11.  Risk assessment of target and nontarget taxa for hatchery programs. 
Target Interactors Life Interaction Risk 
species  stage  Assessment

Spring Chinook Steelhead  Fry, parr F, C Low 
 Spring Chinook Fry, parr, smolt C, D Low 
 Bull trout Fry, parr F, C Low 
Steelhead Spring Chinook Fry, parr, smolt P, C, D High 
 Summer Chinook Fry, parr, smolt  P, C, D High 
 Steelhead Fry, parr, smolt P, C, D Mod 
Summer Chinook Spring Chinook Smolt C, D Low 
 Steelhead Fry, parr, smolt P, C, D Mod 
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Appendix J 
 

Disease monitoring of hatchery programs 
 
Task 13:  Determine if hatchery programs have influenced incidence or magnitude of 
disease in hatchery and naturally produced fish. 
 
Task 13-1.  Monitor disease in broodstock and juvenile fish. 
 
a. Sample all female broodstock for disease per WDFW Fish Health protocols. 
 

1. Monitor density and flow index in adult holding pond. 
 
2. Examine relationship between holding conditions and disease.  

 
b. Sample juvenile fish monthly and prior to release to develop disease profile 

(N=30). 
 

1. Monitor density and flow index during rearing. 
 
2. Examine relationship between holding conditions and disease.  

 
c. Sample naturally produced fish monthly, both upstream and downstream of 

acclimation ponds or release sites (N=30). 
 
d. Sample naturally produced fish monthly from a population without hatchery 

program (N=30). 
 
Task 13-2.   Examine the influence between the incidence of disease in the broodstock 
and progeny.  
 
Task 13-3.  Monitor incidence of disease in hatchery effluent and natural environment.  
 
a. Collect monthly water samples from hatchery effluent and upstream and 

downstream of acclimation ponds. 
 

b. Determine if acclimation ponds increase disease load in river. 
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Analytical Framework for Monitoring and Evaluating 
PUD Hatchery Programs 

 
This document is a supplement to the Monitoring and Evaluation Programs for the Mid-
Columbia PUDs Hatchery Programs (e.g., Murdoch and Peven 2005; Cates et al. 
2005). The analyses and data used to support the information contained in this 
document are subject to change as new information becomes available. Any changes to 
these programs are subject to the approval of the HCP Hatchery Committees or PRCC 
Hatchery Subcommittee as appropriate.  
 
There are currently 10 objectives associated with monitoring the effectiveness of 
hatchery programs funded by the mid-Columbia PUDs (Murdoch and Peven  2005; 
Cates et al. 2005). For each objective specific data are needed to assess the risks to 
the resource and to determine if the hatchery programs are meeting their goals. 
Effectiveness monitoring requires analytical rules that guide statistical analyses and 
management decisions. In many cases these rules come directly from agreements 
between the agencies and the PUDs. Other rules are made outside the directives of the 
agreements, but nonetheless are necessary in managing hatchery programs and 
guiding effectiveness monitoring. Identified below are descriptions of analytical rules 
that need to be made in developing a hatchery monitoring program. 
 
Effect Size—Effect size refers to the size of change in a variable that constitutes the 
level of acceptable change. More formally, it is the amount of departure of the data from 
the null hypothesis (i.e., that the treatment or management action has resulted in no 
important change in the variable) that is needed before accepting the alternative 
hypothesis (i.e., that the treatment or management action has resulted in an important 
or unacceptable change in the variable). Effect size should be identified before 
conducting effectiveness monitoring and is usually identified in binding agreements 
(e.g., number and size of hatchery smolts produced) or is a policy decision associated 
with the risk or scientific uncertainty in the parameter of interest.   
 
Minimum Detectable Difference (a.k.a. Minimum Detectable Effect Size)—The size of 
change in the variable of interest (e.g., the difference between the treatment and 
reference condition) that can be detected statistically at the specified significance level, 
power, and sample size. The minimum detectable difference could be greater than the 
effect size identified by management.  
 
Type I Error—A Type I Error occurs when one concludes that there is a difference 
between treatment and reference condition when in fact there is no difference. This 
error may be costly to funding entities, because one may conclude that the hatchery 
program is not successful when in fact it is. Committing a Type I Error may result in 
additional studies or management actions that are not necessary. This error is under the 
control of the investigator and is set before conducting effectiveness monitoring. In this 
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plan, we follow the generally accepted standard of P < 0.05 (i.e., a 5% chance of 
committing a Type I error).22 
 
Type II Error—A Type II Error occurs when one concludes that there is no difference 
when in fact there is a real difference. This error may be harmful to the resource, 
because one may conclude that the hatchery program is successful when in fact it is 
not. This error can be reduced by selecting the appropriate sample size needed to 
detect a biological or practical effect size (see below).  
 
Power—Power is the probability that a statistical test will result in a significant difference 
(reject the hypothesis of no difference when there is truly a difference—a correct 
decision). More technically, it is the probability of detecting a specified treatment effect 
when it is present. This is the intent of all monitoring programs. Power is calculated as 1 
– Type II Error. 
 
Sample Size—Sample size indicates the number of replicates (in space or time) that is 
needed to avoid making a Type II error (failing to reject the hypothesis of no difference). 
Typically, a larger sample size is needed to increase power (or reduce the probability of 
a Type II error).  
 
The monitoring program is set up so that the null hypothesis is stated as “no difference.” 
Therefore, in some but not all cases, the null hypothesis will be stated such that the 
supplementation program has no harmful effect on the natural population (or that 
hatchery goals have been met). The alternative hypothesis is that supplementation has 
harmed the natural population. In this case, failure to reject the null hypothesis leads to 
the conclusion that there is no real evidence that supplementation has harmed the 
natural population. In other words, the data have to provide “evidence” that the 
supplementation program is harmful. The supplementation program is “innocent” until 
proven “guilty.”23  
 
A primary goal of supplementation is to contribute to the rebuilding and recovery of 
naturally reproducing populations within their native habitat. In this plan, natural 
replacement rates (NRR), recruitment of naturally produced fish (NOR), and juvenile 
productivity (juveniles/redd) are important indicators for assessing the success of 
supplementation. However, these indicators are difficult to measure precisely and are 
                                                           
22 In this plan we do not attempt to make an experiment-wide error-rate adjustment. Our analyses are 
predicated on the idea that all of the null hypotheses are true. Making an adjustment effectively penalizes 
us for conducting multiple tests, because the standard for rejection of the null hypothesis increases as 
more tests are conducted. Yet it is the pattern of which particular tests are rejected that is important in this 
program. Adjusting the error-rate may cause us to throw out this important information (see Gotelli and 
Ellison (2004) for a discussion on error-rate adjustments). We do, however, avoid excessive statistical 
tests that are not independent of one another.  
23 The alternative is to state the null hypothesis so that the supplemented population and reference 
population are not equivalent (the concept of bioequivalence). In this case the data have to provide 
evidence that the null hypothesis is not true before the populations are declared to be equivalent (i.e., 
supplementation has no harmful effects). Thus, an adverse effect is assumed unless the data suggest 
otherwise. 
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quite variable in space and time (i.e., these measures can carry high uncertainty).24 
Therefore, this plan identifies several other indicators that will be measured to help 
explain some of the uncertainty associated with productivity indicators. These 
monitoring indicators, which are either directly or indirectly affected by the hatchery 
programs, can be evaluated to determine if changes (or no changes) in productivity 
were related to the hatchery programs or other unexplained factors. These indicators 
include stray rates, hatchery replacement rates, genetics, run timing, spawn timing, 
spawning distribution, age-at-maturity, and size-at-maturity.  
 
The relationship between supplementation hatchery programs and indicators can be 
viewed in a chain-of-causation (Figure 1). That is, management actions within hatchery 
programs affect the status of monitoring indicators, which influence productivity 
indicators. Non-supplementation programs, such as harvest-oriented programs, include 
many of the same factors.  
  
 

Hatchery
Program

Genetics
Stray Rates

HRR
Size & Age at Maturity
Run & Spawn Timing
Spawning Distribution

Number & Size at Release

NRR
NORs

Juveniles/Redd

Management Action Monitoring Indicators Productivity Indicators

 
Figure 1. The relationship of indicators to the assessment of supplementation programs viewed 
in a chain-of-causation. In the chain-of-causation, the hatchery program affects monitoring 
indicators, which influence productivity indicators. Data may be available in the future that 
identify monitoring indicators having greater influence on productivity.    
 
Both monitoring and productivity indicators will be used to evaluate the success of 
hatchery programs. In the event that productivity indicators cannot be measured with 
enough precision (e.g., 95% certain that the point estimates fall within some specified 
range of the true value) to make sound decisions, some of the monitoring indicators 
may be used instead.   
 
Identified below are the types of indicators (monitoring or productivity) associated with 
each objective described in Murdoch and Peven (2005). For each indicator we identified 
monitoring questions, specific populations and species associated with each indicator, 
hypotheses, measured variables, derived variables, spatial and temporal scales of 

                                                           
24 Natural replacement rates are affected by many factors that are independent of the hatchery programs. 
For example, natural replacement rates are affected by climatic conditions; mainstem, estuary, and ocean 
conditions; predators and competitors; different fisheries; and habitat. These factors add variability 
(uncertainty) to estimates of productivity. 
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analysis, and statistical analyses. Lastly, we identified draft analytical rules for each 
indicator. We included effect sizes and statistical rules for each indicator.  
 
Objective 1:  Determine if supplementation programs have increased the number 
of naturally spawning and naturally produced adults of the target population 
relative to a non-supplemented population (i.e., reference stream) and if the 
change in the natural replacement rate (NRR) of the supplemented population is 
similar to that of the non-supplemented population. 
 
At the core of a supplementation program is the objective of increasing the number of 
spawning adults (i.e., the combined number of naturally produced and hatchery fish) in 
order to affect a subsequent increase in the number of returning naturally produced fish 
or natural origin recruits (NOR). This is measured as the Natural Replacement Rate 
(NRR) or the ratio of NOR to the parent spawning population. The proportion of the 
hatchery origin spawners that will increase natural production without creating adverse 
effects to the genetic diversity or reproductive success rate of the natural population is 
not known. All other objectives of the M&E Plan either directly support this objective or 
seek to minimize impacts of the supplementation program to non-target stocks of 
concern. 
 
Differences in carrying capacities of supplemented and non-supplemented streams can 
confound the effects of supplementation on total number of spawners returning to the 
streams. For example, if the supplemented population is at carrying capacity and the 
non-supplemented population is not, the total number of spawners returning to the non-
supplemented population may show an increasing trend over time, while the 
supplemented population would show no increasing trend. To avoid concluding that the 
supplementation program has no effect or perhaps a negative effect on total spawners, 
the capacity of the habitats must be estimated and removed from the analyses. The 
Supplementary Hypotheses offered under each “regular” hypothesis are designed to 
remove the confounding effects of different carrying capacities from the analyses. 
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1.1 Adult Return Rates of Hatchery Fish (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the annual number of hatchery fish that spawn naturally greater than the number 
of naturally and hatchery produced fish taken for broodstock? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis: 

• Ho1:  The annual number of hatchery produced fish that spawn naturally is 
less than or equal to the number of naturally and hatchery produced fish 
taken for broodstock. 

• Ha1:  The annual number of hatchery produced fish that spawn naturally is 
greater than the number of naturally and hatchery produced fish taken for 
broodstock. 

 
Measured Variables: 

• Number of hatchery produced fish on spawning grounds annually  
• Number of naturally and hatchery produced fish removed for broodstock 

annually 
 
Derived Variables: 

• No derived variables needed for the analysis 
 
Spatial/Temporal Scale: 

• Analyzed annually based on return year. 
• On a five-year period analyze return years for patterns that correlate with 

extraneous factors such as ocean conditions. 
 
Statistical Analysis: 

• No statistical test is needed for hypothesis 1. 
• Additional analysis over time may include correlating (regressions analysis) 

escapements with other extraneous variables (e.g., ocean conditions, climatic 
effects, etc.).  

o Analysis may include the use of reference areas. 
 
Analytical Rules: 

• This indicator is simply used to document whether or not the annual number 
of hatchery fish that return and spawn is greater than the number of naturally 
and hatchery produced fish taken for broodstock.  

• No statistical analysis is needed.  
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1.2 Hatchery Contribution to Recruitment of Naturally Produced Fish (Productivity 
Indicator) 
 
Monitoring Questions: 
Q1: Is the annual change in the number of natural origin recruits (NORs) produced from 
the supplemented population greater than or equal to the annual change in NORs in a 
non-supplemented population? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations assuming reference 
populations are available.  

 
Hypothesis: 

• Ho1: ΔNOR/Max Recruitment Supplemented population ≥ ΔNOR/Max Recruitment Non-

supplemented population  
• Ha1: ΔNOR/Max Recruitment Supplemented population < ΔNOR/Max Recruitment Non-

supplemented population 
o These hypotheses incorporate carrying capacity.25 

 
Measured Variables: 

• Number of hatchery and naturally produced fish on spawning grounds 
• Number of naturally produced fish harvested 

 
Derived Variables: 

• Number of naturally produced recruits by brood year for both naturally 
produced parents and hatchery parents (≥age-3). 

• May include ratio or difference scores of NORs (requires reference area). 
• Spawner-recruit ratios (in part rely on data from Objective 7).  

 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period; i.e., 5-year mean of 

annual change).  
• Ho1 will be used for both temporal scales. 

 
Statistical Analysis: 

• Two-sample t-test (other tests may include RIA, ARIMA, or other tests) to 
evaluate difference scores or ratios over time (initial 5-year period). 

• On a five-year period analyze brood years for patterns that correlate with 
extraneous factors such as ocean conditions. 

o Analysis may include the use of reference areas. 
 

                                                           
25 At this time, estimates of carrying capacity (maximum recruits) is unknown at this time for all 
populations within the Upper Columbia. 
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Analytical Rules: 
• This is a productivity indicator that will be used to assess the success of the 

supplementation program.  
• Type I Error of 0.05. 
• Interim analytical rules will be based on effect sizes reported in Table 1. 

 
1.3 Natural Replacement Rates of Supplemented Populations  
(Productivity Indicator) 
 
Monitoring Questions: 
Q1: Is the change in natural replacement rates (NRRs) within the supplemented 
population greater than or equal to the change in natural replacement rates in a non-
supplemented population? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 1.3: 

• Ho1: Δ NRR Supplemented population ≥ Δ NRR Non-supplemented population  
• Ha1: Δ NRR Supplemented population < Δ NRR Non-supplemented population  

 
Measured Variables: 

• Number of hatchery and naturally produced fish on spawning grounds. 
• Number of hatchery and naturally produced fish taken for broodstock. 
• Number of hatchery and naturally produced fish taken in harvest (if 

recruitment is to the Columbia). 
 
Derived Variables: 

• NORs (number of naturally produced recruits (total recruits) by brood year for 
both naturally produced parents and hatchery parents (≥age-3)). 

• NRRs (calculated as NORs/spawner). 
• May include ratio or difference scores of NRRs (requires reference area). 

 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data; i.e., 5-year mean of annual change).  
• Ho1 will be used for both temporal scales. 

 
Statistical Analysis: 

• Two-sample t-test (other tests may include RIA, ARIMA, or other tests) to 
evaluate difference scores or ratios over time (initial 5-year period). 

• On a five-year period analyze brood years for patterns that correlate with 
extraneous factors such as ocean conditions. 
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o The testing is appropriate if populations are below carrying capacity 
and density-dependent factors are not regulating the populations at 
high spawner abundances. 

 
Analytical Rules: 

• This is a productivity indicator that will be used to assess the success of the 
supplementation program.  

• Type I Error of 0.05. 
• Interim analytical rules will be based on effect sizes reported in Table 1. 

 
Objective 2: Determine if the run timing, spawn timing, and spawning distribution 
of both the natural and hatchery components of the target population are similar. 
 
Inherent in the supplementation strategy is that hatchery and naturally produced fish are 
intended to spawn together and in similar locations. Run timing, spawn timing, and 
spawning distribution may be affected through the hatchery environment (i.e., 
domestication). If supplemented fish are not fully integrated into the naturally produced 
spawning population, the goals of supplementation may not be achieved. Hatchery 
adults that migrate at different times than naturally produced fish may be subject to 
differential survival. Hatchery adults that spawn at different times or locations than 
naturally produced fish would not be integrated into the naturally produced spawning 
population (i.e., segregated stock). 
 
2.1 Migration Timing (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the migration timing of hatchery and naturally produced fish from the same age 
class similar?  
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 2.1: 

• Ho:  Migration timing Hatchery Age X = Migration timing Naturally produced Age X  
• Ha: Migration timing Hatchery Age X ≠ Migration timing Naturally produced Age X  

 
Measured Variables: 

• Ages of hatchery and naturally produced fish sampled via pit tags or stock 
assessment monitoring. 

• Time (Julian date) of arrival at Bonneville, Priest Rapids, Wells, and within 
tributaries (e.g., Tumwater, Dryden, weirs). 

 
Derived Variables: 

• Mean Julian date for a given age class.  
 



 

  Wells Spring Chinook HGMP 
 Appendix B – Page 10 Wells Project No. 2149 

Spatial/Temporal Scale: 
• Analyzed annually based on return year and age class. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• ANOVA by age and origin  
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
2.2 Timing of Spawning (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the timing of spawning (measured as the time female salmon carcasses are 
observed) similar for hatchery and naturally produced fish? (Timing of spawning of 
hatchery and naturally produced steelhead may be evaluated if marking or tagging 
efforts provide reasonable results) 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 2.2: 

• Ho:  Spawn timing Hatchery = Spawn timing Naturally produced  
• Ha:  Spawn timing Hatchery ≠ Spawn timing Naturally produced  

 
Measured Variables: 

• Time (Julian date) of hatchery and naturally produced salmon carcasses 
observed on spawning grounds within defined reaches.  

• Time (Julian date) of ripeness of steelhead captured for broodstock. 
 
Derived Variables: 

• Mean Julian date.  
• Elevations (covariate) 

 
Spatial/Temporal Scale: 

• Analyzed annually based on return year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 
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• ANOVA by sex and location 
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
2.3 Distribution of Redds (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the distribution of redds similar for hatchery and naturally produced fish? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 2.3: 

• Ho:  Redd distribution Hatchery = Redd distribution Naturally produced  
• Ha:  Redd distribution Hatchery ≠ Redd distribution Naturally produced  

 
Measured Variables: 

• Location (GPS coordinate) of female salmon carcasses observed on 
spawning grounds. (The distribution of hatchery and naturally produced 
steelhead redds may be evaluated if marking or tagging efforts provide 
reasonable results) 

 
Derived Variables: 

• Location of female salmon carcass in RKm (0.01).  
• Calculate percent overlap in distribution across available spawning habitat. 

 
Spatial/Temporal Scale: 

• Analyzed annually based on return year (ANOVA). 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• ANOVA by origin and sex 
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Analytical Rules: 
• This is a monitoring indicator that will be used to support management 

decisions.  
• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
 
Objective 3:  Determine if genetic diversity, population structure, and effective 
population size have changed in natural spawning populations as a result of the 
hatchery program.  Additionally, determine if hatchery programs have caused 
changes in phenotypic characteristics of natural populations.  
 
The genetic component of the M&E Plan specifically addresses the long-term fitness of 
supplemented populations. Fitness, or the ability of individuals to survive and pass on 
their genes to the next generation in a given environment, includes genetic, 
physiological, and behavioral components.26 Maintaining the long-term fitness of 
supplemented populations requires a comprehensive evaluation of genetic and 
phenotypic characteristics. Evaluation of some phenotypic traits (i.e., run timing, spawn 
timing, spawning location, and stray rates) is addressed under other objectives. 
 
Assessing the genetic component of the hatchery program does not require annual 
sampling. Meeting stray-rate targets (hypotheses tested under Objective 5) should 
prevent significant changes in population genetics. Therefore, testing statistical 
hypotheses associated with genetic components (Hypotheses 3.1, 3.2, and 3.3) should 
be conducted every three to five years, depending on the type of hatchery program. 
More frequent genetic sampling may be necessary if actual stray rates exceed targets.  
 
3.1 Allele Frequency (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the allele frequency of hatchery fish similar to the allele frequency of naturally 
produced and donor fish? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 3.1: 

• Ho:  Allele frequency Hatchery = Allele frequency Naturally produced = Allele frequency 
Donor pop.  

• Ha:  Allele frequency Hatchery ≠ Allele frequency Naturally produced = Allele frequency 
Donor pop. or 

                                                           
26 These metrics are difficult to measure, and phenotypic expression of these traits may be all we can 
measure and evaluate. 
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• Ha:  Allele frequency Hatchery = Allele frequency Naturally produced ≠ Allele frequency 
Donor pop. or 

• Ha:  Allele frequency Hatchery ≠ Allele frequency Naturally produced ≠ Allele frequency 
Donor pop. 

 
Measured Variables: 

• Microsatellite genotypes 
 
Derived Variables: 

• Allele frequency 
 
Spatial/Temporal Scale: 

• Analyze as a time series, initially comparing pre- and post-hatchery samples 
and thereafter every 3-5 years. 

• Compare samples within drainages. 
 
Statistical Analysis: 

• Population differentiation tests, analysis of molecular variance (AMOVA), and 
relative genetic distances. 

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
3.2 Genetic Distances Between Populations (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Does the genetic distance among subpopulations within a supplemented population 
remain the same over time? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 3.2: 

• Ho:  Genetic distance between subpopulations Year x = Genetic distance 
between subpopulations Year y  

• Ha:  Genetic distance between subpopulations Year x ≠ Genetic distance 
between subpopulations Year y  

 
Measured Variables: 

• Microsatellite genotypes 
 
Derived Variables: 
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• Allele frequencies 
 
Spatial/Temporal Scale: 

• Analyze as a time series, initially comparing pre- and post-hatchery samples 
and thereafter every 3-5 years. 

• Compare samples among drainages. 
 
Statistical Analysis: 

• Population differentiation tests, AMOVA, and relative genetic distances. 
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
3.3 Effective Spawning Population (Monitoring Indicator) 
 
Monitoring Questions: 
Q1:  Is the ratio of effective population size (Ne) to spawning population size (N) 
constant over time? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 3.3: 

• Ho: (Ne/N)t0 = (Ne/N)t1 for each population  
• Ha: (Ne/N)t0 ≠ (Ne/N)t1 for each population  

 
Measured Variables: 

• Microsatellite genotypes 
 
Derived Variables: 

• Allele frequencies 
 
Spatial/Temporal Scale: 

• Analyze as a time series, initially comparing pre- and post-hatchery samples 
and thereafter every 3-5 years. 

• Compare samples among drainages. 
 
Statistical Analysis: 

• Population differentiation tests, relative genetic distances, statistics to 
calculate effective population size (e.g., harmonic means). 

 
Analytical Rules: 
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• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
3.4 Age at Maturity (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the age at maturity of hatchery and naturally produced fish similar? 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations. 
 
Hypothesis 3.4: 

• Ho:  Age at Maturity Hatchery = Age at Maturity Naturally produced  
• Ha:  Age at Maturity Hatchery ≠ Age at Maturity Naturally produced 

 
Measured Variables: 

• Age of hatchery and naturally produced salmon carcasses collected on 
spawning grounds.  

• Age of broodstock. 
• Age of fish at stock assessment locations (e.g., Dryden, Tumwater, Wells, 

Priest Rapids). 
 
Derived Variables: 

• Saltwater ages 
 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• Chi-square or ANOVA by origin and gender. 
o Whenever possible age at maturity will be measured at weirs or dams 

near the spawning stream to avoid the size-related carcass recovery bias 
on spawning grounds (carcass sampling). 

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 
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3.5 Size at Maturity (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the size (length) at maturity of a given age and sex of hatchery fish similar to the 
size at maturity of a given age and sex of naturally produced fish? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 3.5: 

• Ho:  Size (length) at Maturity Hatchery Age X and Gender Y = Size (length) at Maturity 
Naturally produced Age X and Gender Y  

• Ha:  Size (length) at Maturity by age and gender Hatchery ≠ Size (length) at 
Maturity by age and gender Naturally produced   

 
Measured Variables: 

• Size (length), age, and gender of hatchery and naturally produced salmon 
carcasses collected on spawning grounds.  

• Size (length), age, and gender of broodstock. 
• Size (length), age, and gender of fish at stock assessment locations (e.g., 

Dryden, Tumwater, Wells, Priest Rapids). 
 
Derived Variables: 

• Calculate total age and saltwater age 
 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• ANOVA by origin, gender, and age 
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
 
Objective 4: Determine if the hatchery adult-to-adult survival (i.e., hatchery 
replacement rate) is greater than the natural adult-to-adult survival (i.e., natural 
replacement rate) and equal to or greater than the program specific HRR 
expected value based on survival rates listed in the BAMP (1998). 
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The survival advantage from the hatchery (i.e., egg-to-smolt) must be sufficient to 
overcome the survival disadvantage after release (i.e., smolt-to-adult) in order to 
produce a greater number of returning adults than if broodstock were left to spawn 
naturally. If a hatchery program cannot produce a greater number of adults than 
naturally spawning fish the program should be modified or discontinued. Production 
levels were initially developed using historical run sizes and smolt-to-adult survival rates 
(BAMP 1998). Using the stock specific NRR and the values listed in the BAMP, 
comparisons to actual survival rates will be made to ensure the expected level of 
survival has been achieved. 
 
4.1 Hatchery Replacement Rates (HRRs) (Monitoring Indicator) 
 
Monitoring Questions: 
Q1:  Is the adult-to-adult survival rate of hatchery fish (HRR) greater than or equal to the 
adult-to-adult survival rate (NRR) of naturally produced fish? 
Q2:  Is the adult-to-adult survival rate of hatchery fish (HRR) greater than or equal to the 
value in BAMP (Table 6 in Appendix D; includes sum of adults harvested, taken for 
broodstock, and adults on spawning grounds)? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
• Q2 applies to all species and populations. 

 
Hypothesis 4.1: 

• Ho1:  HRR Year x > NRR Year x  
• Ha1:  HRR Year x < NRR Year x  
• Ho2:  HRR ≥ BAMP value (preferred) 
• Ha2:  HRR < BAMP value  

 
Measured Variables: 

• Number of hatchery and naturally produced fish on spawning grounds 
• Number of hatchery and naturally produced fish harvested 
• Number of hatchery and naturally produced fish collected for broodstock. 
• Number of broodstock used by brood year (hatchery and naturally produced 

fish). 
 
Derived Variables: 

• Number of hatchery and naturally produced adults by brood year (≥age-3). 
• HRR (number of returning adults per brood year/broodstock) 
• NRR (from above) 

 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period but include pre-2006 data 

to the extent possible). 
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Statistical Analysis: 

• For Q1 a two-sample t-test to compare HRR to NRR 
• For Q2 a one-sample t-test to evaluate HRR. 
• On a five-year period analyze brood years for patterns that correlate with 

extraneous factors such as ocean conditions. 
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
 
Objective 5: Determine if the stray rate of hatchery fish is below the acceptable 
levels to maintain genetic variation between stocks. 
 
Maintaining locally adapted traits of fish populations requires that returning hatchery fish 
have a high rate of site fidelity to the target stream. Hatchery practices (e.g., rearing and 
acclimation water source, release methodology, and location) are the main variables 
thought to affect stray rates. Regardless of the adult returns, if adult hatchery fish do not 
contribute to the donor population the program will not meet the basic condition of a 
supplementation program. Fish that do stray to other independent populations should 
not comprise greater than 5% of the spawning population. Likewise, fish that stray 
within an independent population should not comprise greater than 10% of the 
spawning population. 
 
5.1  Stray Rates among Populations for Brood Return (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the stray rate of hatchery fish less than 5% for the total brood return? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 5.1: 

• Ho:  Stray rate Hatchery fish ≥ 5% of total brood return  
• Ha:  Stray rate Hatchery fish < 5% of total brood return  
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Measured Variables: 
• Number of hatchery carcasses found in non-target and target spawning 

areas.  
• Number of hatchery fish collected for broodstock. 
• Number of hatchery fish taken in fishery. 

 
Derived Variables: 

• Hatchery carcasses and take in fishery estimated from expansion analysis. 
• Locations of live and dead strays (used to tease out overshoot). 

 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• A simple statistical approach is to use a one-sample t-test to compare the 
actual stray rate with the target (5%) stray rate.    

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
5.2  Stray Rates among Populations for Return Year (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the stray rate of hatchery fish less than 5% of the spawning escapement within 
other independent populations? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 5.2: 

• Ho:  Stray hatchery fish ≥ 5% of spawning escapement (based on run year) 
within other independent populations  

• Ha:  Stray hatchery fish < 5% of spawning escapement (based on run year) 
within other independent populations 27  

 
                                                           
27 This stray rate is suggested based on a literature review and recommendations by the ICTRT.  It can 
be re-evaluated as more information on naturally-produced Upper Columbia salmonids becomes 
available. This will be evaluated on a species and program specific basis and decisions made by the HCP 
HC. It is important to understand the actual spawner composition of the population to determine the 
potential effect of straying. 
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Measured Variables: 
• Number of hatchery carcasses (PIT tagged steelhead) found in non-target 

and target spawning areas.  
 
Derived Variables: 

• Hatchery salmon carcasses (PIT tagged steelhead) estimated from expansion 
analysis. 

 
Spatial/Temporal Scale: 

• Analyzed annually based on return year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• A simple statistical approach is to use a one-sample t-test to compare the 
actual proportion of strays with the target of 5% strays 

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
5.3 Stray Rates within the Population (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the stray rate of hatchery fish less than 10%28 of the spawning escapement 
within other spawning aggregations within the target independent population? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 5.3: 

• Ho:  Stray hatchery fish ≥ 10% of spawning escapement (based on run year) 
of any non-target streams within independent population  

• Ha:  Stray hatchery fish < 10% of spawning escapement (based on run year) 
of any non-target streams within independent population  

 
Measured Variables: 

• Number of hatchery carcasses (possibly PIT tagged steelhead) found in non-
target and target spawning aggregates.  

 

                                                           
28 This value should be reviewed annually by the Hatchery Committee. See footnote 5 for additional 
information. 
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Derived Variables: 
• Hatchery salmon carcasses (possibly PIT tagged steelhead) estimated from 

expansion analysis. 
 
Spatial/Temporal Scale: 

• Analyzed annually based on return year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• A simple statistical approach is to use a one-sample t-test to compare the 
actual proportion of strays with the target of 10% strays.    

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
 
Objective 6: Determine if hatchery fish were released at the programmed size and 
number. 
 
The HCP outlines the number and size of fish that are to be released to meet NNI 
compensation levels. Although many factors can influence both the size and number of 
fish released, past hatchery cultural experience with these stocks should assist in 
meeting program production levels. 
 
6.1 Size of Hatchery Fish (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the size of hatchery fish released equal to the program goal? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 6.1: 

• Ho:  Hatchery fish Size at release = Programmed Size  
• Ha:  Hatchery fish Size at release ≠ Programmed Size 

 
Measured Variables: 

• Length and weights of random samples of hatchery smolts.  
 
Derived Variables: 

• CVs. 
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Spatial/Temporal Scale: 

• Analyzed annually. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• A simple statistical approach is to use a one-sample t-test to compare the 
actual size of hatchery fish at time of release with the program goal.  

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
6.2 Number of Hatchery Fish (Monitoring Indicator) 
 
Monitoring Questions: 
Q1: Is the number of hatchery fish released equal to the program goal? 
 
Target Species/Populations: 

• Q1 applies to all species and populations. 
 
Hypothesis 6.2: 

• Ho:  Hatchery fish Number = Programmed Number  
• Ha:  Hatchery fish Number ≠ Programmed Number 

 
Measured Variables: 

• Numbers of smolts released from the hatchery.  
 
Derived Variables: 

• NA 
 
Spatial/Temporal Scale: 

• Review annually. 
 
Statistical Analysis: 

• No statistical analysis needed. 
 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• No statistical analysis is necessary. 
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Objective 7: Determine if the proportion of hatchery fish on the spawning 
grounds affects the freshwater productivity (i.e., number of smolts per redd) of 
supplemented streams when compared to non-supplemented streams. 
 
Out-of-basin effects (e.g., smolt passage through the hydro system and ocean 
productivity) have a strong influence on survival of smolts after they migrate from the 
tributaries. These effects introduce substantial variability into the adult-to-adult survival 
rates (NRR and HRR), which may mask in-basin effects (e.g., habitat quality, density 
related mortality, and differential reproductive success of hatchery and naturally 
produced fish). The objective of long-term smolt monitoring programs in the Upper 
Columbia ESU is to determine the egg-to-smolt or egg-to-juvenile survival of target 
stocks. Smolt production models generated from the information obtained through these 
programs will provide a level of predictability with greater sensitivity to in-basin effects 
than spawner-recruitment models that take into account all effects. 
 
Differences in carrying capacities of supplemented and non-supplemented streams can 
confound the effects of supplementation on numbers of juveniles per redd. For example, 
if the supplemented population is at or above carrying capacity and the non-
supplemented population is not, numbers of juveniles per redd in the non-supplemented 
population may be significantly greater than the number of juveniles per redd in the 
supplemented population. To avoid concluding that the supplementation program has 
no effect or perhaps a negative effect on juveniles per redd, the capacity of the habitats 
must be included in the analyses. The Supplementary Hypotheses are designed to 
address the confounding effects of different densities on the analyses. 
 
7.1 Juvenile Productivity (Productivity Indicator) 
 
Monitoring Questions: 
Q1: Is the change in numbers of juveniles (smolts, parr, or emigrants) per redd in the 
supplemented population greater than or equal to that in the non-supplemented 
population? 
Q2: Does the number of juveniles per redd decrease as the proportion of hatchery 
spawners increases?29 
 
Target Species/Populations: 

• Q1 applies to all supplemented species and populations (depending on 
reference areas). 

• Q2 applies to all supplemented species and populations. 
 

                                                           
29 Information is needed to estimate the effects of density dependence on these questions. 
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Hypothesis 7.1: 
• Ho1: Slope of Ln(juveniles/redd) vs redds Supplemented population = Slope of 

Ln(juveniles/redd) vs redds Non-supplemented population   
• Ha1: Slope of Ln(juveniles/redd) vs redds Supplemented population ≠ Slope of 

Ln(juveniles/redd) vs redds Non-supplemented population  
• Ho2: The relationship between proportion of hatchery spawners and 

juveniles/redd is ≥ 1. 
• Ha2: The relationship between proportion of hatchery spawners and 

juveniles/redd is < 1. 
 
Measured Variables: 

• Number of hatchery and naturally produced fish on spawning grounds. 
• Numbers of redds. 
• Number of juveniles (smolts, parr [not appropriate for all populations], and 

emigrants). 
 
Derived Variables: 

• Number of juveniles per redd. 
 
Spatial/Temporal Scale: 

• Analyzed annually based on brood year. 
• Analyze as a time series (initially as a 5-year period and to the extent possible 

use pre-2006 data). 
 
Statistical Analysis: 

• Two-sample t-test to evaluate differences between treatment and reference 
slopes (initial 5-year period). 

• Regression analysis to examine relationships between hatchery adult 
composition and juveniles/redd.  

 
Analytical Rules: 

• This is a productivity indicator that will be used to assess the success of the 
supplementation program.  

• Type I Error of 0.05. 
• Interim decisions will be based on effect sizes reported in Table 1. 

 
 
Objective 8: Determine if harvest opportunities have been provided using 
hatchery returning adults where appropriate (e.g., Turtle Rock program). 
 
In years when the expected returns of hatchery adults are above the level required to 
meet program goals (i.e., supplementation of spawning populations and/or brood stock 
requirements), surplus fish may be available for harvest (i.e., target population). The 
M&E Plan specifically addresses harvest and harvest opportunities upstream from 
Priest Rapids Dam. Harvest or removal of surplus hatchery fish from the spawning 
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grounds would also assist in reducing potential adverse genetic impacts to naturally 
produced populations (loss of genetic variation within and between populations). 
 
8.1  Harvest Rates (Monitoring Indicator) 
 
Monitoring Questions: 
Q1:  Is the harvest on hatchery fish produced from harvest-augmentation programs high 
enough to manage natural spawning but low enough to sustain the hatchery program? 
Q2: Is the escapement of fish from supplementation programs in excess of broodstock 
and natural production30 needs to provide opportunities for terminal harvest? 
 
Target Species/Populations: 

• Q1 applies to summer Chinook reared at Turtle Rock. 
• Q2 applies to all supplemented stocks. 

 
Hypothesis 8.1: 

• Ho1:  Harvest rate ≤ Maximum level to meet program goals  
• Ha1:  Harvest rate > Maximum level to meet program goals  
• Ho2:  Escapement ≤ Maximum level to meet supplementation goals  
• Ha2:  Escapement > Maximum level to meet supplementation goals  

 
Measured Variables: 

• Numbers of hatchery fish taken in harvest.  
 
Derived Variables: 

• Total harvest by fishery estimated from expansion analysis. 
 
Spatial/Temporal Scale: 

• Reviewed annually. 
 
Statistical Analysis: 

• A one-sample t-test can be used to compare harvest rates with the level 
needed for program goals.    

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

  

                                                           
30 At this time, the escapement of adults needed to fully seed habitat in the Upper Columbia is unknown. 
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Regional Objectives 
 
Hatchery programs have the potential to increase diseases that typically occur at low 
levels in the natural environment (Objective 9). In addition, hatchery fish can reduce the 
abundance, size, or distribution of non-target taxa through ecological interactions 
(Objective 10). These are important objectives that will be monitored at a later time. 
Analytical rules will be established for these objectives before monitoring activities 
begin.   
 
Objective 9: Determine whether BKD management actions lower the prevalence 
of disease in hatchery fish and subsequently in the naturally spawning 
population.  In addition, when feasible, assess the transfer of Rs infection at 
various life stages from hatchery fish to naturally produced fish.         
 
The hatchery environment has the potential to amplify diseases that are typically found 
at low levels in the natural environment.  Amplification could occur within the hatchery 
population (i.e., vertical and horizontal transmission) or indirectly from the hatchery 
effluent or commingling between infected and non-infected fish (i.e., horizontal 
transmission).  Potential impacts to natural populations have not been extensively 
studied, but should be considered for programs in which the hatchery fish are expected 
to commingle with natural fish.  This is particularly important for supplementation type 
programs.  Specifically, the causative agent of bacterial kidney disease (BKD), 
Renibacterium salmoninarum (Rs), could be monitored at selected acclimation ponds, 
both in the water and fish, in which the risk and potential for transmission from the 
hatchery is highest.  Although it is technologically possible to measure the amount of Rs 
in water or Rs DNA in smolts and adults non-lethally sampled, the biological meaning of 
these data are uncertain.  Currently, the only metric available for M & E purposes is 
measuring the antigen level from kidney/spleen samples (i.e., ELISA).  When available, 
non-lethal sampling may replace or be used in concert with lethal sampling.           
 
Implementation of this objective will be conducted in a coordinated approach within the 
hatchery and natural environment.  BKD management within the hatchery population 
(e.g., broodstock or juveniles) has the potential to reduce the prevalence of disease 
through various actions (e.g., culling or reduced rearing densities).  BKD management 
must also take into account and support other relevant objectives of the M & E program 
(e.g., Hatchery Return Rate [HRR], number of smolts released).  Hence, the goal of 
BKD management is to decrease the prevalence of disease and maintain hatchery 
production objectives (i.e., number and HRR).         
 
As previously discussed, disease transmission from hatchery to naturally produced fish 
may occur at various life stages and locations.  Of these, horizontal transmission from 
hatchery effluent, vertical transmission on the spawning grounds, and horizontal 
transmission in the migration corridor have been identified as disease interactions that 
could be examined under this objective, although others may also be relevant.  
Experimental designs addressing this objective may require technology not yet 
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available, although in some instances samples may be collected, but not analyzed until 
a link can be established between bacteria levels in samples and disease prevalence.         
 
Developing a complete set of questions and hypotheses statements for this objective 
may not be practical at this time, because there is currently no BKD Management Plan.  
However, while developing experimental designs for this objective, it may be feasible to 
incorporate both hatchery and natural environment monitoring under a single study 
design.  Integration of the different aspects of the objective would likely result in a more 
robust approach into understanding the effectiveness of disease management 
strategies.  
 
Monitoring Questions: 
Q1:  What is the effect of BKD disease management on BKD disease prevalence? 
Q2:  Are study fish exposed to hatchery effluent infected to a greater extent than control 
fish? 
Q3:  Is Rs infection transferred at various life stages from hatchery fish to naturally 
produced fish or appropriate surrogates?31  
 
Target Species/Populations: 

• Q1 and Q2 both apply to spring Chinook (primary focus) and summer 
Chinook programs. 

 
Hypotheses Q1: 

• Ho1:  Rearing density has no effect on survival rates of hatchery fish. 
• Ha1:  Rearing density has an effect on survival rates of hatchery fish. 

 
• Ho2: Antigen level has no effect on survival rates of hatchery fish.   
• Ha2: Antigen level has an effect on survival rates of hatchery fish.  

  
• Ho3: Interaction between antigen level and rearing density has no effect on 

survival rates of hatchery fish. 
• Ha3: Interaction between antigen level and rearing density has an effect on 

survival rates of hatchery fish. 
 
Hypothesis Q2: 

o Ho1:  Rs infection is not transferred from hatchery effluent to study fish. 
o Ha1:  Rs infection is transferred from hatchery effluent to study fish. 

 
Measured Variables: 

• Hypotheses Q1:  
o Numbers of fish (at different life stages) 

 
• Hypothesis Q2: 

o Numbers of Rs+ fish  
 

                                                           
31 Hypothesis statements for these monitoring questions will be developed.  
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Derived Variables: 
• Survival rates 
• SARs 
• HRRs 

 
Spatial/Temporal Scale: 

o Hypotheses Q1:  
o Analyze annually based on brood year. 

o Hypothesis Q2: 
o Analyze annually.  

 
Statistical Analysis: 

• Hypotheses Q1: either 2-way ANOVA or response-surface design. 
• Hypothesis Q2: ANOVA.    

 
Analytical Rules: 

• This is a monitoring indicator that will be used to support management 
decisions.  

• Type I Error of 0.05. 
• Effect sizes will be reported annually. 

 
Adaptively Managing Monitoring Results 
 
Because of naturally large variation in productivity indicators, several years of data may 
be required before statistical inferences can be made regarding the effects of hatchery 
fish on productivity of naturally produced fish. Furthermore, given the large natural 
variation of productivity indicators, productivity could decrease as a result of the 
hatchery programs before a difference is detected statistically. In the interim, risk 
associated with supplementation programs and the productivity of naturally produced 
fish can be quantified based on observed natural variation in the indicator of interest 
(Table 1). If large differences in rates of change between supplemented and reference 
populations are observed, management actions may be required earlier than anticipated 
(every five years).   
 
Assuming hatchery programs do not negatively affect the productivity of naturally 
produced fish, the observed difference in rates of change between the supplemented 
and reference populations should decrease over time as more of the natural variation 
within and between populations is incorporated into these data. More simply, as the 
number of years increases, the acceptable observed difference in the indicator(s) 
decreases. The value of the difference at any point in time would determine if 
management actions are warranted.        
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Table 1. Average differences between supplemented and reference conditions that represent 
different levels of management concerns. Large differences (red) indicate the need for relatively 
quick management changes, moderate differences (yellow) indicate that indicators need to be 
reviewed carefully before making management changes, and small differences (green) indicate 
that management changes are not currently necessary. Average differences corresponding to 
each level of concern are scaled to reflect the increasing risk associated with multiple brood 
years that show differences between supplemented and reference conditions. These differences 
are currently based on the temporal variability associated with each productivity indicator and 
will change as more information becomes available (i.e., information on the variability in 
difference scores between treatment and reference conditions). 
 

Indicator Number of 
Brood Years No Concern Warning Concern 

NRR 1 0-50% 51-100% >100% 

2 0-40% 41-80% >80% 

3 0-30% 31-60% >60% 

4 0-20% 21-40% >40% 

5 0-10% 11-20% >20% 

NOR 1 0-50% 51-100% >100% 

2 0-40% 41-80% >80% 

3 0-30% 31-60% >60% 

4 0-20% 21-40% >40% 

5 0-10% 11-20% >20% 

Juv/Redd 1 0-100% 101-200% >200% 

2 0-80% 81-160% >160% 

3 0-70% 71-140% >140% 

4 0-60% 61-120% >120% 

5 0-50% 51-100% >100% 
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Introduction 
 
The Douglas County PUD Monitoring and Evaluation Plan (M&E Plan; Wells HCP 
Hatchery Committee 2007) describes eight objectives specific to the hatchery programs 
funded by Douglas County PUD and two regional objectives that are related to artificial 
propagation.  These same objectives have been identified in the M&E Plan for Chelan 
County PUD (Murdoch and Peven 2005) and are designed to address key questions 
regarding the use of supplementation as mitigation for mortality associated with the 
operation of Wells Hydroelectric Project.  All objectives have specified indicators (i.e., 
primary) that will be measured and compared against target values established in the 
M&E Plan.  Specific tasks and methodologies to be used in accomplishing the 
objectives are provided in the M&E Plan.  
 
The primary focus of this proposal is the first eight objectives outlined in the M&E Plan, 
but additional regional objectives are included where warranted.  Both disease 
(Objective 9) and non-target taxa (Objective 10) monitoring have been identified as 
important components of the M&E Plan.  These regional objectives will be implemented 
once experimental designs have been developed and approved by the Wells HCP 
Hatchery Committee.   
 
Successful implementation of the M&E Plan requires a continuation and potential 
expansion of existing relationships between the WDFW and other entities conducting 
similar field work in the Upper Columbia River Basin.  Certain objectives require data to 
be collected from both target and reference populations.  Field activities (i.e., data 
collection) not conducted by the WDFW, that are also required to implement the M&E 
Plan (i.e., reference populations) are not included in this proposal.   
 
Addressing all the objectives within the M&E Plan will require multiple years of data 
collection.  Several objectives may be adequately addressed after one year or five years 
(Table 1), and may require only periodic monitoring (e.g., every five or ten years).  This 
proposal and budget encompasses one year of work in which WDFW will furnish all 
supervision, labor, services, materials, tools, and equipment necessary to implement 
the Monitoring and Evaluation Plan of hatchery programs funded by Douglas County 
PUD.   All statistical analyses will be conducted consistent with the Analytical 
Framework for Monitoring and Evaluating PUD Hatchery Programs (Hays et al. 2007). 
 
 
 
 
 
 
 
 
 
 



 

  Wells Spring Chinook HGMP 
 Appendix C – Page 3 Wells Project No. 2149 

Table 1.  A potential long-term implementation schedule of objectives outlined in the 
Douglas County PUD M&E Plan. 

Objective 
Year of implementation 

1-4 5 6-9 10 11-14 15 16-19 20 21-24 25 
1 X X X X X X X X X X 
2 X X  X  X  X  X 
3 X    X    X  
4 X X X X X X X X X X 
5 X X X X X X X X X X 
6 X X X X X X X X X X 
7 X X X X X X X X X X 
8 X X  X  X  X  X 
9 Experimental design not complete 

10 Experimental design not complete 
   

Reference Streams 
Reference streams or populations are a critical component of the M&E Plan (Goodman 
2004; ISRP & ISAB 2005).  Data collected from reference populations will be included in 
the analysis for objectives 1 and 7.  Depending on the reference population, data 
collected may also be included in the analysis for objectives 3, 4, 5, and 8.  Suitability of 
a population as a reference or control for target populations for ongoing hatchery 
programs funded by Douglas County Public Utility District (DCPUD) has not yet been 
determined.  The Hatchery Evaluation Technical Team (HETT) is currently evaluating 
potential spatial reference streams for all supplemented populations in the Methow and 
Okanogan Rivers.  The HETT will recommend to the Wells HCP HC, reference 
populations that should be incorporated into the M&E Plan.  Historical data may or may 
not exist for some proposed reference populations.  If data has been collected, an 
assessment of the methodology used must also be conducted to determine if the 
historical data is suitable for inclusion in the analysis.  As part of the M&E Plan, future 
data collection activities in the reference populations should use similar methodologies 
and metrics as those used in treatment populations.   
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WORK PLAN BY OBJECTIVE 
 
 
Objective 1:  Determine if a) supplementation programs have increased the number of 

naturally spawning and naturally produced adults of the target population 
relative to a non-supplemented population (i.e., reference stream) and b) 
the changes in the natural replacement rate (NRR) of the supplemented 
population are similar to that of the non-supplemented population. 

 
Hypotheses: 
 
• Ho1:  Number of hatchery fish that spawn naturally > number of naturally and 

hatchery produced fish taken for broodstock. 
• Ha1:  Number of hatchery fish that spawn naturally ≤ number of naturally and 

hatchery produced fish taken for broodstock. 
• Ho2: ΔNOR/Max recruitment Supplemented population ≥ ΔNOR/Max recruitment Non-

supplemented population  
• Ha2: ΔNOR/Max recruitment Supplemented population < ΔNOR/Max recruitment Non-

supplemented population 
• Ho3: Δ NRR Supplemented population ≥ Δ NRR Non-supplemented population  
• Ha3: Δ NRR Supplemented population < Δ NRR Non-supplemented population  
 
General Approach 
 
Spawning ground, broodstock, and harvest data (e.g., selective fisheries) will be the 
source of all abundance, composition, and productivity information required for this 
objective.  Identification of suitable non-supplemented populations will be problematic in 
the Upper Columbia Basin because some species/races do not have populations that 
have not been either supplemented or influenced by hatchery fish (e.g., summer 
Chinook).  For those supplemented populations without a suitable spatial reference 
population, temporal references may be used (i.e., prior to hatchery intervention).  
Temporal reference populations may also be initiated if deemed necessary, by 
discontinuing hatchery releases in a target population for a predetermined period of time 
(i.e., at least one generation minimum).   
 
Methodology 
 
Standard spawning ground survey methodology outlined in Appendix F of the M&E Plan 
(Spawning ground surveys) and data analysis outlined Appendix G of the M&E Plan 
(Relative Abundance) will be used under this objective.  WDFW will coordinate with 
other Agencies (i.e., USFWS, USFS, Tribes) that conduct spawning ground surveys to 
ensure methodologies and sample rates are consistent with methodologies used in this 
objective (Table 2).  Spawning/carcass surveys will be conducted for Methow Basin 
spring Chinook (WDFW); Methow Basin steelhead (WDFW); and Okanogan steelhead 
(CCT).  The use of a composite spring Chinook broodstock in the Methow and Chewuch 
Rivers suggests that the Methow and Chewuch spawning aggregates be treated as a 
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single group.  The combined group (i.e., MetChew) is supported by genetic data, which 
concluded that both spawning aggregates are very closely related (Snow et al. 2007).  
However, differences in spawner abundance and carrying capacity of the two subbasins 
may require that each subbasin be treated independently for data analysis purposes.   
 
Table 2.  Methodologies used to determine biological information used in Objective 1. 

Population Spawning ground 
methodology 

Spawner 
composition 

Age 
composition 

Methow steelhead Expanded index  Wells Dam Wells Dam 
Twisp steelhead Expanded index/Total ground Twisp weir Twisp weir 
Okanogan steelhead a Total ground Wells Dam  Wells Dam 
Methow sp. Chinook Total ground Carcasses Wells Dam 
Chewuch sp. Chinook Total ground Carcasses Wells Dam 
Twisp sp. Chinook Total ground Carcasses Wells Dam 

a Conducted by CCT. 
 
 
Schedule of Activities   
 
Table 3.  Schedule for conducting spawning ground surveys and data analysis (D = data 
collection; A = data analysis). 
Target population J F M A M J J A S O N D 
Methow/Okanogan steelhead A A D D D D A A A A A A 
Methow Basin spring Chinook A A A A D D D D D A A A 
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Objective 2:  Determine if the run timing, spawn timing, and spawning distribution of 
both the natural and hatchery components of the target population are 
similar. 

 
Hypotheses: 
 
• Ho4:  Migration timing Hatchery Age X = Migration timing Naturally produced Age X  
• Ha4:  Migration timing Hatchery Age X ≠ Migration timing Naturally produced Age X  
• Ho5:  Spawn timing Hatchery = Spawn timing Naturally produced  
• Ha5:  Spawn timing Hatchery ≠ Spawn timing Naturally produced  
• Ho6:  Redd distribution Hatchery = Redd distribution Naturally produced  
• Ha6:  Redd distribution Hatchery ≠ Redd distribution Naturally produced  

 
General Approach 
 
A properly integrated hatchery program produces fish that have similar life history traits 
as naturally produced fish.  Differences in any of these behavioral life history traits may 
affect progeny survival.  Migration timing in the Columbia River of both juvenile and 
adult fish will be assessed using PIT tags when available.  Migration timing into 
spawning tributaries will be assessed at broodstock collection locations, or using in-
stream PIT antenna arrays.  In 2009, in-stream antenna arrays were installed in the 
lower Methow and Twisp rivers to assess the distribution and migration timing of adult 
hatchery and wild steelhead.  These antennas, in conjunction with arrays installed by 
other researchers (i.e., USGS) will be used to assess steelhead and spring Chinook run 
timing and distribution throughout the Methow Basin.   
   
Spawn timing and redd distribution data for spring Chinook will be collected during 
spawning ground surveys.  We propose selecting index reaches to evaluate spawn 
timing in reaches where similar proportions of hatchery and naturally produced fish are 
expected to spawn (based on carcass recovery data).  The use of index reaches will 
eliminate any potential bias in spawn timing due to differences in spawning locations.  
For fish that are not adipose fin clipped, the female carcass recovery date will allow for 
a comparison of the relative spawn timing.  Carcass recovery locations will be used as a 
surrogate for spawning location. 
 
In 2010, WDFW will conduct an evaluation of steelhead spawn timing throughout the 
Methow Basin.  Because visual observation of spawning fish will be required to evaluate 
spawn timing and location, adult female steelhead sampled in 2009 at Wells Dam, 
Priest Rapids Dam, and at the Twisp River weir in 2010 will be externally floy tagged 
based on stock and origin, and surveyors will conduct intensive surveys to quantify redd 
distribution and collect observational data from floy-tagged females.   
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Methodology 
 
Migration Timing 
 
As previously stated, when available, PIT tags will be used to evaluate differences in 
migration timing in the Columbia River.  During broodstock collection activities at 
mainstem dams, tributary traps, and the Twisp River weir, PIT tags will be inserted in all 
fish captured and released in excess of broodstock requirements so that data on 
migration timing to spawning tributaries can be collected (Table 4).  Migration timing into 
spawning tributaries will be assessed using PIT antenna arrays deployed in the lower 
Methow and Twisp rivers, and utilizing antennas installed by other researchers within 
the Methow and Okanogan Basins.   
 
Table 4.  Methods and locations used for evaluating differences in migration timing 
between hatchery and naturally produced salmon and steelhead. 

Target population Migration timing 
Columbia River* Spawning tributary 

Methow spring Chinook Wells Dam, PIT tags, CWTs Chewuch/Twisp weirs 
Methow steelhead Wells Dam, PIT tags, VIE Twisp weir 
Okanogan steelhead Wells Dam, PIT tags, Ad clip Omak Cr. Weir/Zosel Dam 

*  PIT tags will be used when available (i.e., in conjunction with other objectives). 
 
Spawn Timing 
 
All spawn timing information necessary for evaluating differences between hatchery and 
naturally produced salmon and steelhead will be collected during spawning ground 
surveys (M&E Plan Appendix F).  Specific spawn timing information will only be 
collected within index spawning areas.  Index areas identified are likely to have a similar 
proportion of hatchery and naturally produced fish spawning based on carcass 
recoveries between 2003 and 2006 (Table 5).  Carcass recovery date of female spring 
Chinook salmon will be used to examine relative differences in spawn timing.   
 
Determining the relative spawn timing of steelhead in the natural environment is 
problematic because not all hatchery fish are adipose fin clipped.  In 2010, an 
evaluation of steelhead spawn timing in the Methow Basin will be conducted utilizing 
female steelhead floy-tagged in 2009 at mainstem Columbia River dams (i.e., Priest 
Rapids and Wells) or fish captured in 2010 at the Twisp River weir.  Approximately 85% 
of the steelhead in the Twisp River spawn upstream of the Twisp River weir (mean 
2003-2005).  Steelhead will be captured and tagged at the Twisp River weir between 1 
March and 1 June.  All fish captured will be examined to determine origin (VIE, PIT, 
CWT, or eroded fins), age, and tagged with colored anchor tags depending on stock 
and origin.  Because the number and spawning location of wild steelhead throughout 
the Methow Basin is unknown, surveys will target sections within each subbasin which 
have high spawning activity.  Surveyors will record the tag color and date of all female 
steelhead observed during surveys and record GPS locations of all redds.  Because of 
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inherent differences in spawn timing due to changes in elevation, comparisons of spawn 
timing may be limited to those reaches within the Methow Basin with the highest 
number of wild steelhead.   
   
 
Table 5.  Potential tributary index areas identified for each respective target population 
used for evaluating differences in spawn timing between hatchery and naturally 
produced salmon and steelhead.   

Target population Historical reach(s) 
Twisp spring Chinook Twisp River (T5 - T6) 

Chewuch spring Chinook Chewuch River (C4 - C6) 

Methow spring Chinook Methow River (M9 - M11) 

Twisp steelhead Twisp River (T4 - T10) 

Methow steelhead Methow River (M10 – M11) 

Chewuch steelhead Chewuch River (C4) 
   
Spawning Distribution 
 
Redd distribution data will also be collected during spawning ground surveys (M&E Plan 
Appendix F).  The origin of spawners will be identified from carcasses (i.e., scales or 
CWT), and carcass recovery location (i.e., rkm) of female spring Chinook will be used to 
determine redd distribution.  Overall steelhead redd distribution will be determined from 
GPS location information for each redd observed.  Distribution by origin of spawning 
adult steelhead cannot be determined without application of an additional mark (e.g., 
floy tag) because not all hatchery steelhead were adipose fin-clipped.  Steelhead 
spawning distribution by origin of spawning adults will be assessed at the Twisp River 
weir in 2010.  Surveys will be conducted weekly in all sections upstream of the weir to 
assess distribution of floy-tagged females as previously described.  Additionally, all 
female steelhead without existing PIT tags will be PIT tagged in the body cavity to 
determine spawning distribution by scanning redds for expelled PIT tags.  Resident 
rainbow, residual hatchery steelhead, and cutthroat trout females will also be PIT 
tagged in the body cavity to determine if these species or resident stages contribute to 
steelhead redd count estimates.  
 
Schedule of Activities  
 
Table 6.  Schedule for conducting migration timing, spawn timing, and spawning 
distribution field activities and data analysis (D = data collection; A = data analysis).  
Target population J F M A M J J A S O N D 
Methow steelhead A A D D D D D D D D A A 
Methow spring Chinook A A A A D D D D D    
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 Objective 3:  Determine if genetic diversity, population structure, and effective 
population size have changed in natural spawning populations as a result 
of the hatchery program.  Additionally, determine if hatchery programs 
have caused changes in the phenotypic characteristics of natural 
populations. 

 
Hypotheses: 
 
• Ho7:  Allele frequency Hatchery = Allele frequency Naturally produced = Allele frequency Donor  
• Ha7a:  Allele frequency Hatchery ≠ Allele frequency Naturally produced = Allele frequency Donor 
• Ha7b:  Allele frequency Hatchery = Allele frequency Naturally produced ≠ Allele frequency Donor 
• Ha7c:  Allele frequency Hatchery ≠ Allele frequency Naturally produced ≠ Allele frequency Donor 
• Ho8:  Genetic distance between subpopulations Year x = Genetic distance between 

subpopulations Year y  
• Ha8:  Genetic distance between subpopulations Year x ≠ Genetic distance between 

subpopulations Year y  
• Ho9: (Ne/N)t0 = (Ne/N)t1 for each population  
• Ha9: (Ne/N)t0 ≠ (Ne/N)t1 for each population  
• Ho10:  Age at Maturity Hatchery = Age at Maturity Naturally produced  
• Ha10:  Age at Maturity Hatchery ≠ Age at Maturity Naturally produced  
• Ho11:  Size (length) at Maturity Hatchery Age X and Gender Y = Size (length) at Maturity Naturally 

produced Age X and Gender Y  
• Ha11:  Size (length) at Maturity by age and gender Hatchery ≠ Size (length) at Maturity 

by age and gender Naturally produced   
 
General Approach 
 
Genotypes of hatchery and naturally produced populations will be sampled and 
monitored based upon the schedule outlined in Appendix H of the Douglas PUD M&E 
Plan.  Priority of analysis was based upon recovery needs or relative risk a hatchery 
program may have on the naturally produced population.  Differences in phenotypic 
characteristics that may arise as a result of hatchery programs (i.e., domestication) will 
be measured using historical (i.e., prior to current hatchery programs) and recent data 
collected from wild fish and broodstock or carcasses recovered on the spawning 
grounds.  Data related to additional important phenotypic characteristics will be 
collected and analyzed as part of Objective 2 (e.g., run timing, spawn timing, and 
spawning location), Objective 4 (e.g., fecundity), and Objective 7 (e.g., size and age at 
smolt migration).    
 
Methodology 
 
Specific methodologies related to DNA extraction and genetic analysis are available 
from the WDFW Genetics Lab and were not included in the M&E Plan (Appendix H).  
Historical donor population samples (i.e., DNA collected from tissue or scale samples 
collected before hatchery programs) will be used to establish a genetic baseline for 
comparing against samples collected from current hatchery and naturally produced fish.  
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In 2010, summer Chinook DNA collected at Wells Hatchery will be incorporated into the 
analysis scheduled for summer Chinook stocks within the Chelan PUD M&E Plan. 
 
Data for monitoring phenotypic characteristics (i.e., age at maturity and size at maturity) 
will be collected annually as part of the broodstock collection protocol (M&E Plan 
Appendix B).  Broodstock for all programs are not collected randomly from the run at 
large with respect to sex, origin, or age.  Trapping activities do provide an opportunity to 
collect data from a random sample from the run at large (i.e., those fish collected during 
broodstock trapping and released upstream).  Historically, information related to the 
spawning population was derived from broodstock, carcasses, or a combination of both.  
Recent data suggests that these methods are biased and additional sampling at 
broodstock collection sites is required (Zhou 2002; Murdoch et al. 2005).  Broodstock 
collection sites are located near or below a majority of the spawning locations (Table 7).  
All fish trapped, or a random sample depending on the stock, will be sampled to 
determine origin, age, and size.  Additionally, PIT tags may be inserted into adult fish 
released upstream of Wells Dam to address other M&E Plan objectives (i.e., migration 
timing, Objective 2; stray rates, Objective 5).   
 
Table 7.  Broodstock collection locations for stock assessment and phenotypic 
characterization of hatchery and naturally produced fish. 
Stock Primary location Secondary location 
Methow Basin spring Chinook Wells Dam Twisp weir 
Methow/Okanogan steelhead Wells Dam Twisp weir / Priest Rapids Dam 

 
Schedule of Activities 
 
Table 8.  Schedule for conducting genetic analysis and size and age at maturity 
comparisons (D = data collection; A = data analysis). 

Target population J F M A M J J A S O N D 
Methow/Okanogan steelhead D D D D A A D D D D D D 
Methow spring Chinook A A A A D D D D D    
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Objective 4:  Determine if the hatchery adult-to-adult survival (i.e., hatchery replacement 
rate) is greater than the natural adult-to-adult survival (i.e., natural 
replacement rate) and equal to or greater than the program specific 
expected value (BAMP 1998). 

 
Hypotheses: 
 
• Ho12:  HRR Year x > NRR Year x  
• Ha12:  HRR Year x < NRR Year x  
• Ho13:  HRR ≥ BAMP value (preferred) 
• Ha13:  HRR < BAMP value 
 
General Approach 
 
The survival advantage from the hatchery (i.e., egg-to-smolt) must be sufficient to 
overcome lower post-release survival (i.e., smolt-to-adult) in order to produce a greater 
number of returning adults than if broodstock were left to spawn naturally.  If a hatchery 
program cannot produce a biologically significant greater number of adults than 
naturally spawning fish, the program should be modified or discontinued.  More simply, 
the hatchery replacement rate should always be greater than the natural replacement 
rate.   
 
Hatchery programs in the Upper Columbia River were initially designed based on 
observed mean survival rates for each stock (BAMP 1998).  Performance of the 
hatchery programs will be assessed using those expected survival rates and the 
number of broodstock collected on a brood year basis.  Harvest augmentation hatchery 
programs will only be compared to the expected HRR value because a corresponding 
NRR is not available or applicable (e.g., Wells summer Chinook).             
 
Methodology 
 
Smolt to adult (SAR) and HRR values will be calculated for each stock.  SAR values are 
currently calculated using CWT recoveries from all locations (harvest, hatcheries, and 
spawning grounds), except for steelhead, which is calculated based on sampling that 
occurs at Priest Rapids Dam or Wells Dam.  HRR values that fall below the expected 
values or NRR (M&E Plan Appendix G) will be evaluated to determine whether in-
hatchery (M&E Plan Appendix C) or out of hatchery (M&E Plan Appendix D) factors 
contributed to the reduced survival.   
 
An unknown number of Wells summer Chinook spawn immediately downstream of 
Wells Dam, and possibly in areas on Bridgeport Bar (G. Wiest, WDFW, personal 
communication).  Surveys will be conducted by boat or helicopter to determine redd 
abundance and to recover carcasses in these areas per protocols outlined in the M&E 
Plan. 
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Schedule of Activities 
 
Table 9.  Schedule of activities for hatchery evaluation activities (D = data collection; A 
= data analysis). 
Target population J F M A M J J A S O N D 
Methow/Okanogan steelhead A/D A/D D D D D D D D D D D 
Wells summer Chinook A/D A/D D D D D D D D D D D 
Methow Basin spring 
Chinook A/D A/D D D D D D D D D D D 

 
 
Objective 5:  Determine if the stray rate of hatchery fish is below the acceptable levels 

to maintain genetic variation. 
 

Hypotheses: 
 
• Ho14:  Stray rate Hatchery fish < 5% of total brood return  
• Ha14:  Stray rate Hatchery fish ≥ 5% of total brood return  
• Ho15:  Stray hatchery fish < 5% of spawning escapement (based on run year) within 

other independent populations  
• Ha15:  Stray hatchery fish ≥ 5% of spawning escapement (based on run year) within 

other independent populations  
• Ho16:  Stray hatchery fish < 10% of spawning escapement (based on run year) of 

any non-target streams within independent populations  
• Ha16:  Stray hatchery fish ≥ 10% of spawning escapement (based on run year) of 

any non-target streams within independent populations  
 
General Approach 
 
Excessive strays from hatchery programs pose significant genetic risk (loss of genetic 
variation between populations) and must be monitored in order to determine the 
magnitude of the problem and develop reasonable and appropriate recommendations.  
Stray rates will be monitored using CWT recoveries from Chinook spawning ground 
surveys.  The Regional Mark Information System (RMIS) database will provide all 
necessary CWT information needed when calculating stray rates for each brood year or 
within and outside basin stray rates based on spawning escapement estimates.   
 
Brood year stray rates will require multiple year CWT recoveries (i.e., all age classes) 
from broodstock and carcass recoveries on the spawning grounds.  The estimated 
number of strays for the entire brood year will be calculated by dividing the number of 
strays by the total number of hatchery fish that returned.  Stray rates within, and 
between independent populations will be calculated in a similar manner as brood year 
stray rates, except on an annual basis and based on the estimated spawning 
escapement.           
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Collecting stray rate information for steelhead poses the greatest challenge because 
carcasses are not available for examination.  When available, radio tag information 
and/or adult PIT tag monitoring may provide adequate information for evaluating stray 
rates.  Some data needed for evaluating stray rates for the Methow/Okanogan 
steelhead will be collected during broodstock trapping activities at Wells Dam (M&E 
Plan Appendix B), and through operation of the Twisp River weir when assessing 
spawn timing (see Objective 2).  Stray rates in other tributaries may need to be 
calculated by other types of sampling (i.e., PIT tags, radiotags, hook and line) if 
warranted.  Antenna arrays installed by WDFW and other researchers should provide 
tributary stray rate information, provided that adequate numbers of juvenile fish are PIT 
tagged prior to release (hatchery fish) or within natal streams (wild fish).    
 
Methodology 
 
Stray rates will be calculated using procedures outlined in the spawning ground survey 
methodology (M&E Plan Appendix F).  As stated previously, information needed to 
evaluate steelhead stray rates will occur during broodstock collection activities at Wells 
Dam, operation of the Twisp weir and antenna array, and through other proposals.  
However, direct observations on the spawning grounds by other Agencies (e.g., 
USFWS, CCT, or USGS) or via PIT tags may be required in non-target streams (Table 
10). 
 
Table 10.  Proposed methodologies used to evaluate stray rates for target and non-
target streams.       

Hatchery program Target stream Method 
Methow steelhead Methow, Twisp, Chewuch PIT/Observation/creel*
Okanogan steelhead Okanogan, Similkameen PIT/Observation/creel*
Methow Basin spring Chinook Methow, Twisp, Chewuch CWT 
Wells summer Chinook Wells Hatchery CWT 

*  The number of strays will also be estimated during broodstock collection activities or 
PIT tag detections at Columbia River or tributary dams/detectors where applicable. 
 
Schedule of Activities 
 
Table 11.  Schedule for data analysis to determine stray rates of hatchery fish (D = data 
collection; A = data analysis). 
Target population J F M A M J J A S O N D 
Methow steelhead A A D D D D       
Okanogan steelhead A A D D D D       
Methow Basin spring Chinook A A      D D    
Wells summer Chinook A A        D D  
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Objective 6.  Determine if hatchery fish were released at the programmed size and 
number. 

 
Hypotheses: 
 
• Ho17:  Hatchery fish Size at release = Programmed Size at release 
• Ha17:  Hatchery fish Size at release ≠ Programmed Size at release 
• Ho18:  Hatchery fish Number released = Programmed Number released  
• Ha18:  Hatchery fish Number released ≠ Programmed Number released 
 
General Approach   
 
The HCP outlines the number and size at which fish of each program are to be 
released.  The programmed size and number of fish for each program will be compared 
to actual values at release each year.  The number of broodstock collected and the 
assumptions (i.e., sex ratio, fecundity, and survival) in the broodstock collection protocol 
are important components that need to be considered.  A program’s failure to meet the 
HCP standards (e.g., over or under program goals) will be evaluated taking into account 
the number of broodstock and assumptions.  The size of fish will be compared using a 
representative sample collected immediately prior to release.        
 
Methodology 
 
The number and size of fish released will be calculated according to methodologies 
outlined in the M&E Plan (Appendix C).  An annual review of size and number of fish 
from each program will be compared to those values defined in the HCP.  If release 
targets were achieved within acceptable levels (i.e., 10% +/- of HCP defined values) 
then no change would be recommended.  If release targets are not achieved then 
causation will be determined and recommendations will be made based upon the 
results of the evaluation.  A review of the broodstock protocols will occur every five 
years (or more frequently if necessary) concurrently with an evaluation of the number of 
fish released from each program.  
  
Schedule of Activities 
 
Table 12.  Schedule of activities to determine the number and size of fish released (D = 
data collection; A = data analysis). 
Target population J F M A M J J A S O N D 
Wells steelhead D D D D D A D D D D D D 
Wells summer Chinook D D D D D D D A D D D D 
Methow spring Chinook D D D D D A D D D D D D 
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Objective 7:  Determine if the proportion of hatchery fish on the spawning grounds 
affects the freshwater productivity (i.e., number of smolts per redd) of 
supplemented streams when compared to non-supplemented streams. 

 
Hypotheses: 
 
• Ho19: Slope of Ln(juveniles/redd) vs redds Supplemented population = Slope of 

Ln(juveniles/redd) vs redds Non-supplemented population   
• Ha19: Slope of Ln(juveniles/redd) vs redds Supplemented population ≠ Slope of 

Ln(juveniles/redd) vs redds Non-supplemented population  
• Ho20: The relationship between proportion of hatchery spawners and juveniles/redd 

is ≥ 1. 
• Ha20: The relationship between proportion of hatchery spawners and juveniles/redd 

is < 1. 
 
General Approach  
 
Supplementation should result in an increase in the natural production of the target 
stock.  Given variability in abundance of adult salmonid populations in the Upper 
Columbia River Basin, monitoring juvenile production (e.g., smolts/redd) should provide 
a direct assessment of the efficacy of hatchery fish in rebuilding natural populations.  
Monitoring the freshwater production of both supplemented and non-supplemented 
populations may provide an early indication of the reproductive success of hatchery fish 
on the spawning grounds (i.e., no out of basin effects on survival).  Conversely, without 
a smolt monitoring program, changes in smolt production may be masked by out of 
basin effects.  Thus, subsequent recommendations concerning hatchery program 
modifications may be misdirected. 
 
Smolt monitoring programs are currently ongoing for most treatment streams (Table 
13).  Coordination with the Agencies operating the various traps is ongoing to ensure 
similar levels of effort and methodologies are used.  
 
Table 13.  Population and location of smolt traps that may be used in examining the 
influence of hatchery fish on freshwater productivity. 
Population Smolt trap Size Agency 
Methow Basin spring Chinook  Methow 1 - 8 ft trap; 1 - 5 ft trap WDFW 
Twisp spring Chinook Twisp 1 - 5 ft trap WDFW 
Methow Basin steelhead Methow 1 - 8 ft trap; 1 - 5 ft trap  WDFW 
Twisp steelhead Twisp 1 - 5 ft trap WDFW 
Okanogan steelhead Okanogan 1 - 8 ft trap; 1 – 5 ft trap CCT 

 
Comparisons between supplemented and unsupplemented populations require 
extensive data sets, with potentially high annual variability that may require years before 



 

  Wells Spring Chinook HGMP 
 Appendix C – Page 16 Wells Project No. 2149 

the efficacy of the program can be determined.  Furthermore, the Wells steelhead 
program began decades before the HCP was signed and pretreatment data may not be 
available.   
 
Methodology 
 
Procedures for this objective are outlined in Appendix E of the M&E Plan.  Juvenile 
monitoring requires an extensive trapping period (Table 15) over many successive 
generations due to the diverse life history of spring Chinook (subyearling and yearling 
emigrants) and summer steelhead (multiple age class smolts).  Random scale samples 
must be collected for all stocks with multiple age class smolts in order to calculate the 
number of smolts produced from each brood year.  Additionally, whenever possible 
direct measurements of the proportion of hatchery fish on the spawning grounds should 
be conducted (i.e., Twisp weir).   
 
Current estimates of egg to smolt survival for Methow spring Chinook are much lower 
than expected.  Based on scale analysis of returning Chinook adults, we assumed that 
at the Methow smolt trap all yearling emigrants were spring Chinook and subyearling 
emigrants were summer Chinook.  Results of DNA sampling at the Methow River trap 
during the fall of 2006 and 2007 indicated that the majority of subyearling Chinook 
captured were spring Chinook.  Because of this, fall trapping and DNA sampling will be 
conducted at the Methow smolt trap.  Provided no unmarked subyearling hatchery fish 
are released prior to trapping, we propose to conduct DNA sampling during the spring 
period to determine the extent of subyearling spring Chinook spring emigration at the 
Methow smolt trap.  
 
The low abundance of steelhead and yearling Chinook captured at smolt traps in the 
Methow Basin limits the sample size to conduct migration timing comparisons and life 
stage survival estimates (e.g., PIT tag recaptures).  The installation of PIT tag antenna 
arrays in the lower Twisp and Methow rivers will provide additional opportunities to 
assess migration behavior and survival, provided an adequate number of fish are PIT 
tagged.  We propose to conduct additional PIT tagging of juvenile steelhead and 
Chinook that are encountered during ongoing sampling activities.  These fish would be 
captured via hook-and-line angling, seine netting, or rescued from de-watering areas via 
traps or nets.  Tagging methodology would be consistent with ongoing activities in the 
Wenatchee and Entiat basins following protocols developed under the ISEMP (Table 
14).   
 
For life-stage survival comparisons and to monitor stray rates, migration patterns, rate, 
and speed within the basin, we propose that comparison groups of hatchery steelhead 
be tagged at Wells Hatchery prior to release (Table 14).  Comparison groups of 
hatchery spring Chinook and steelhead were historically tagged at each smolt trap, but 
tag rates were likely too low to provide meaningful comparisons.  Further, PIT tagging at 
the Methow trap likely incorporated fish from hatchery programs not covered under the 
M&E Plan (i.e., WNFH) because release time and hatchery mark are often the same for 
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steelhead and spring Chinook released from WDFW and USFWS hatcheries in the 
Methow Basin.  Since releases of similar fish from these hatcheries have exhibited 
different survival rates (Townsend and Skalski 2004), tagging should occur at the 
hatchery of origin to ensure that evaluations are conducted with target stocks.      
 
 
Table 14.  PIT tagging goals for remote sampling (wild fish) and in-hatchery tagging 
(hatchery fish) in the Methow Basin. 

Target population Wild fish  Hatchery fish 
Steelhead Subyearling Chinook  Target population Steelhead

Methow 500 500  Methow (ad-clipped) 10,000 
Twisp 500 500  Methow (non-clipped) 10,000 

Chewuch 500 500  Okanogan (ad-clipped) 10,000 
Misc. tribs 500     

Total 2,000 1,500    30,000 
 
Schedule of Activities 
 
Table 15.  Schedule of activities for smolt monitoring programs in the Methow Basin (D 
= data collection; A = data analysis).  

 
 
Objective 8: Determine if harvest opportunities have been provided using hatchery 

returning adults where appropriate (e.g., Wells Chinook salmon). 
 
Hypotheses: 
 
• Ho21:  Harvest rate ≤ Maximum level to meet program goals  
• Ha21:  Harvest rate > Maximum level to meet program goals  
• Ho22:  Escapement ≥ Maximum level to meet supplementation goals  
• Ha22:  Escapement < Maximum level to meet supplementation goals  
 
General Approach 
 

Target population J F M A M J J A S O N D 
Methow Basin steelhead A D/A D/A D D D D D D D D D/A 
Twisp steelhead A D/A D/A D D D D D D D D D/A 
Methow Basin spring Chinook A D/A D/A D D D D D D D D D/A 
Twisp spring Chinook A D/A D/A D D D D D D D D D/A 
Methow summer Chinook A D/A D/A D D D D D D D D D/A 
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In years when the expected returns of hatchery adults are above the levels required to 
meet program goals (i.e., broodstock, natural escapement), surplus fish may be 
available for harvest.  Harvest of returning adults is the goal of some programs (e.g., 
Wells summer Chinook) and an ancillary benefit of other programs (e.g., 
Methow/Okanogan steelhead).  Contribution to fisheries, whether incidental or directed, 
will be monitored using CWT recoveries on a brood year basis.  Target harvest rates 
have not been outlined in the M&E Plan.  Hence, a qualitative assessment of the 
contribution rates of hatchery fish to fisheries versus broodstock or spawning grounds is 
required to determine if the objective has been met. 
 
One approach, based on the goal of the hatchery program, is to compare CWT 
recoveries by recovery location (i.e., broodstock, fisheries, or spawning grounds).  For 
example, a majority of the CWT recoveries for harvest augmentation programs should 
occur in fisheries.  Conversely, supplementation programs should have a majority of the 
CWT recoveries occur on the spawning grounds.    
 
Methodology 
 
Robust statistically valid creel programs will be conducted for all sport fisheries in the 
Upper Columbia River to estimate harvest of hatchery fish from Douglas County PUD 
funded hatchery programs (M&E Plan Appendix D).  Creel survey programs will be 
designed and implemented by WDFW Fish Management staff.  Creel surveys in the 
Upper Columbia River are also an important component in calculating the HRR 
(Objective 4) because most CWT recoveries occur within the Upper Columbia River, the 
exception being summer Chinook.  Significant time lags in reporting CWT recovery data 
to the Regional Mark Information System (RMIS) database requires a continual 
requerying of recovery data until the number of estimated fish does not change.  The 
number of fish and proportion by brood year for CWT recoveries will be summarized in 
several categories (Table 16).   
 
Table 16.  Categories for CWT recoveries of hatchery fish released from Douglas 
County PUD funded programs.  
Category Estimated number of fish (%) 
Broodstock Total Target stream Nontarget streams 
Spawning ground Total Target stream Nontarget streams 
Fisheries Total Commercial Sport 
Commercial Ocean Columbia River Treaty Columbia River non-Treaty 
Sport  Ocean Columbia River Terminal 

 
 Schedule of Activities 
 
Table 17.  Schedule of activities to determine harvest rates of hatchery fish (D = data 
collection; A = data analysis). 
Target population J F M A M J J A S O N D 
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Methow/Okanogan steelhead D D D A A A  D D D D D 
Wells summer Chinook A A     D D D D   
Methow basin spring Chinook A A           

DELIVERABLES 
 
Annual Reports:  A draft annual report will be provided to the District by 1 April.  A final 
report will be provided to the HCP HC within 30 days of receiving comments on the draft 
report.  The annual report will summarize all field activities conducted during the 
contract period.  The format of the report will be similar to the 2007 and 2008 annual 
reports that have been provided to the District, with each task reported in a separate 
chapter.  Primary indicators and the data used in calculations during each task will also 
be presented in each chapter.  Secondary and tertiary indicators will be reported if 
needed to calculate the primary indicator. 
 
Chapter 1.  Hatchery Brood Report 
  a.  Broodstock 
   Number collected 
   Age composition  
   Size at maturity 

b. Juvenile  
Number released 
Size at release   

c. Hatchery replacement rates 
 
Chapter 2.  Harvest 

a. Hatchery fish 
Number 
Location 
Stray rates 

b. Wild fish 
Number  
Location 

 
Chapter 3.  Smolt Monitoring 

a. Smolt production 
Number of smolts (captured and total estimate) 
Smolts/redd 
Size at emigration 
Age at emigration 

b.  Survival       
Egg to emigrant survival 
Number of fish PIT tagged  
Smolt to smolt survival 
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c.  Remote PIT tagging 
Number tagged 
 
 
 

Chapter 4.  Steelhead Spawning Ground Surveys 
a. Migration timing 
b. Spawn timing 
c. Redd distribution  

Number of redds  
Spawning escapement 
Spawner composition 
Number of NOR 
NRR 
Stray rates 
 

Chapter 5.  Chinook Spawning Ground Surveys 
a. Migration timing 
b. Spawn timing 
c. Redd distribution  

Number of redds  
Spawning escapement 
Spawner composition 
Number of NOR 
NRR 
Stray rates 

 
Chapter 6.  Genetic Analysis  

a. Genetic distances 
b. Allele frequencies 
c. Effective population sizes 

 
 
Five-Year Summary Report:  In addition to the annual report, a draft five-year 
summary report will be developed and provided to the District no later than 1 April 2011.   
A final report will be provided to the HCP HC within 30 days of receiving comments on 
the draft report.  The format of the five-year summary report will be similar to the M&E 
Plan and results will be presented by objective, not by task as in the annual reports. 
Statistical analysis of data will be based on the statistical design that is currently under 
development.  All raw data used in the statistical analysis will also be presented in the 
report.   
 
Recommendations:  Recommendations to modify the M&E Plan or reporting will occur 
on an annual basis and again at the five-year summary.  Initially, changes to protocols 
or methodologies may be necessary to ensure the data required in the M&E Plan is 
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collected.  Changes to the M&E Plans’ implementation or hypotheses will be included in 
the five-year summary report.  Recommendations will be consistent with the hatchery 
program goals and will be included in a separate section of the summary report. 
 
Presentations:  A formal presentation (i.e., power point format) of the M&E Plan results 
will be provided to Douglas PUD or the HCP HC at their convenience.  Presentations 
will include the status of all hatchery programs in meeting their objectives, potential 
problems and recommendations.  Similar presentations of annual results from field 
activities can be requested and provided if warranted.  

COORDINATION BETWEEN DOUGLAS PUD AND HATCHERY STAFF 
 
The WDFW Supplementation Research Team (a.k.a. Methow Field Office) has been 
directly involved in the evaluation, development, and implementation of the hatchery 
programs since 1992.  Currently, the WDFW is contracted by Douglas PUD not only to 
operate its hatcheries, but also to implement the Evaluation Plan developed when the 
Methow Hatchery program came online.  
 
Coordination with hatchery staff has been a continual process.  Hatchery staff conducts 
routine sampling at the hatcheries and data is provided to us for inclusion in monthly 
reports.  However, special meetings with the hatchery staff are typically conducted prior 
to significant events (i.e., broodstock collection, spawning, release of juveniles) to 
ensure proper methodologies are used and critical data is collected.  Evaluation staff is 
present at all significant events and collect data needed for evaluation purposes.   
 
Additional coordination between evaluation staff, hatchery staff, and the WDFW ESA 
Permitting biologist is often required to ensure that conditions of ESA Section 10 
permits are not violated.  The ESA permitting biologist is co-located with evaluation 
staff, which allows for efficient and effective communication on a daily basis in order to 
ensure compliance with existing permits.  Currently, all ESA reporting related to the 
hatchery programs is the responsibility of the WDFW Permitting Biologist (0.5 FTE).  
Given the limited resources dedicated to ESA Permit reporting and the extensive 
workload required to meet reporting requirements, this relationship is critical to ensuring 
hatchery programs operate within the conditions of the permit.                      
 
Monthly reports have served as a primary mode of coordination and are used to keep 
Douglas PUD as well as HCP Committee members and co-managers informed on all 
hatchery and evaluation related activities.  Unless otherwise requested by Douglas 
PUD, the role of monthly reports will remain the same.  Upon request, additional 
information can be included in the monthly reports.   
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Appendix D 

 
STATE OF WASHINGTON 

DEPARTMENT OF FISH AND WILDLIFE 
Mid-Columbia Field Office  

3515 Chelan Hwy 97-A Wenatchee, WA 98801  (509) 664-1227 FAX (509) 662-6606 
 
         April 15, 2009 
           
To:  Kristine Petersen, Salmon Recovery Division, NMFS 
 
From:  Kirk Truscott, WDFW 
 
Subject:      Final DRAFT 2009 UPPER COLUMBIA RIVER SALMON AND STEELHEAD BROODSTOCK 

OBJECTIVES AND SITE-BASED BROODSTOCK COLLECTION PROTOCOLS  
 
The attached protocol was developed in coordination with the mid-Columbia Habitat Conservation Plans (HCPs) for 
hatchery programs rearing spring Chinook salmon, sockeye salmon, summer Chinook salmon and summer steelhead 
associated with the mid-Columbia HCPs, spring Chinook salmon and steelhead programs associated with the 2008 
Biological Opinion for the Priest Rapids Hydroelectric Project (FERC No. 2114) and fall Chinook consistent with 
Grant County Public Utility District and Federal mitigation obligations associated with Priest Rapids and John Day 
dams, respectively.  These programs are funded by Chelan, Douglas, and Grant County Public Utility Districts 
(PUDs) and are operated by the Washington Department of Fish and Wildlife (WDFW).  Additionally, the Yakama 
Nation’s (YN) Coho Reintroduction Program broodstock collection protocol, when provided by the YN, will be 
included in this protocol because of the overlap in trapping dates and locations. 
 
This protocol is intended to be a guide for 2009 collection of salmon and steelhead broodstocks in the Methow, 
Wenatchee, and Columbia River basins. It is consistent with previously defined program objectives such as program 
operational intent (i.e., conservation and/or harvest augmentation), mitigation production levels (HCPs, Priest 
Rapids Dam 2008 Biological Opinion and to comply with ESA permit provisions. 
 
Notable in this year’s protocols are: (1) Wenatchee spring Chinook broodstock collection strategies targeting 
Chiwawa hatchery origin Chinook at Tumwater Dam, intended to provide improved hatchery origin broodstock 
collection and to reduce the number of Leavenworth NFH strays into other Wenatchee basin UCR spring Chinook 
spawning aggregates; (2) Natural origin Chiwawa spring Chinook collection at the Chiwawa Weir, consistent with 
ESA Section 10 Permit 1196; (3) Methow spring Chinook broodstock protocol targeting natural origin spring 
Chinook at Wells Dam and at the Twisp River weir; (4) utilization of genetic sampling/assessment to differentiate 
Twisp River and non Twisp River natural origin adults collected at Wells Dam and CWT interrogation during 
spawning of hatchery spring Chinook collected at the Twisp Weir, Methow FH and Winthrop NFH to differentiate 
Twisp and Methow Composite hatchery fish for discrete management of Twisp and Methow Composite production 
components; (5) the collection of hatchery origin spring Chinook for the Methow River Basin program in excess of 
production requirements for BKD management, (6) the use of ultra-sound technology to determine sex of 
Wenatchee summer Chinook during collection to aid in achieving the appropriate female equivalents for 
programmed production, and (7) the potential collection of Wells summer Chinook to support the Yakama Nation 
(YN) summer Chinook re-introduction program in the Yakima River Basin (requires agreement of the HCP 
Hatchery Committee). These protocols may be adjusted in-season, based on actual run monitoring at mainstem dams 
and other sampling locations.   
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Above Wells Dam 
 
Spring Chinook 
Natural origin fish inclusion into the broodstock will be a priority, with natural origin fish specifically being 
targeted.  Natural origin fish collections will not exceed 33 percent of the MetComp and Twisp natural origin run 
escapement at Wells Dam.  

 

To facilitate BKD management, to comply with ESA Section 10 permit take provisions and to meet programmed 
production, hatchery origin spring Chinook will be collected in numbers excess to program production requirements. 
Based on historical Methow FH spring Chinook ELISA levels above 0.12, the hatchery origin spring Chinook 
broodstock collection will include hatchery origin spring Chinook in excess to broodstock requirements by 
approximately 18 percent. The parties to the HCP have acknowledged that targeting broodstock collection objectives 
at levels that provide for culling of eggs from higher ELISA level hatchery origin females and prioritizing natural 
origin fish for rearing to yearling smolt stage is a viable approach to balance the promotion of fish health while 
limiting indirect reductions in genetic diversity and reduced program production, particularly for ESA listed 
supplementation programs.  For purposes of BKD management and to comply with maximum production levels and 
other take provisions specified in ESA Section 10 permit 1196, culling will include the destruction of eggs from 
hatchery origin females with ELISA levels greater than 0.12 and or that number of hatchery origin eggs required to 
maintain production at 550,000 yearling smolts.  Culling of eggs from natural origin females will not occur, unless 
their ELISA levels are determined by WDFW Fish Health to be a substantial risk to the program. Juveniles from 
natural origin females with ELISA levels greater than 0.12 will be differentially tagged for evaluation purposes.  To 
monitor the efficacy of culling in reducing the prevalence of BKD in Methow Basin spring Chinook, annual 
monitoring and evaluation of the prevalence and level of BKD in returning hatchery and natural origin spring 
Chinook will continue and will be reported in the annual monitoring and evaluation report for this program. 

 

The 2009 Methow spring Chinook broodstock collection will occur at Wells Dam, Twisp River Weir, Methow FH 
and Winthrop NFH.  Limited on-station release of smolts from the Methow FH, absence of a trapping facility on the 
Chewuch River and poor trapping success at Foghorn Dam on the mainstem Methow River preclude reasonable 
certainty of meeting adult collection requirements via tributary and Methow FH outfall collections. The 
aforementioned limitations are the principle reasons for the inclusion of broodstock collection at Wells Dam and 
Winthrop NFH during 2009.   

 

Recent WDFW genetic assessment of natural origin Methow spring Chinook (Small et al. 2007) suggest that Twisp 
natural-origin spring Chinook can be identified with sufficient confidence that natural origin collections can occur at 
Wells Dam, thereby facilitating natural origin inclusion in the broodstock, while maintaining the ability to manage 
separately the Twisp origin spring Chinook spawning aggregate. Although Twisp natural origin fish can be assigned 
to the Twisp population with confidence, some gene flow between the Twisp and Methow Composite spawning 
aggregates are anticipated as a result of collecting natural origin broodstock at Wells Dam.   Based on projected 
Proportion Natural Origin (pNOB) broodstock composition for Twisp and Methow Composite programs (31% and 
30%, respectively) and composite brood year assignment errors for wild Twisp and MetComp spring Chinook 
provided in Snow et al. (2007), the projected non-source fish contributions to the Twisp and MetComp hatchery 
programs for 2009 are 1.6% and 1.5%, respectively.  In this instance, percent non-source fish contribution may be 
considered a gene flow estimate between the two program production elements (Twisp and Methow Composite) and 
is an unavoidable consequence associated with natural origin broodstock collection at Wells Dam during 2009.    
Although gene flow between the two hatchery production components is likely, it is expected to be relatively low in 
2009 and supports a hatchery broodstock collection program objective to infuse natural origin fish into the hatchery 
program to maintain/improve genetic diversity and reduced domestication. For complete discussion regarding 
Methow Spring Chinook genetic monitoring and evaluation see Snow et al. (2007).    
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Non-lethal tissue samples (fin clips) for genetic analysis and scale samples will be obtained from adipose present, 
non-CWT, non-ventral clipped spring Chinook (suspected natural origin spring Chinook) collected at Wells Dam for 
origin analysis. Natural origin fish retained for broodstock will be tagged with a PIT tag (dorsal sinus) for tissue 
sample/genetic analysis cross-reference. Tissue samples will be preserved and sent to WDFW genetics lab in 
Olympia Washington for genetic/stock analysis.  The spring Chinook sampled will be retained at Methow FH and 
will be sorted as Twisp or non-Twisp natural origin fish prior to spawning. The number of natural origin Twisp and 
Methow Composite (non-Twisp) spring Chinook retained will be dependent upon the number of natural origin 
adults returning and the collection objective limiting extraction to no greater than 33% of the natural origin spring 
Chinook return past Wells Dam.  Based on the broodstock collection schedule (3-day/week, 16 hours/day), natural 
origin spring Chinook extraction is expected to be approximately 33% or less. 

 

Weekly estimates of natural-origin spring Chinook passage past Wells Dam will be provided through stock 
assessment and broodstock collection activities and will provide the opportunity to adjust, in-season, the extraction 
of natural origin spring Chinook to maintain no greater that 33% extraction of Twisp and Methow Composite natural 
origin components while maximizing the opportunity for the inclusion of natural origin spring Chinook in the 
broodstock. Additionally, in-season estimates of Twisp and Methow Composite natural origin escapement past 
Wells Dam provides the opportunity to utilize both Wells Dam and the Twisp Weir as natural origin collection sites 
for the Twisp production component, thereby providing additional flexibility to account for differences between 
projected and actual returns of Twisp and Methow Composite natural origin fish.  Twisp and Methow Composite 
hatchery origin spring Chinook will be captured at the Twisp Weir, Methow FH outfall.  Trapping at the Winthrop 
NFH will be included if needed to address broodstock shortfalls. 

 

The Methow FH rears spring Chinook salmon for three acclimation/release sites in the Methow River Basin, 
including: (1) Methow River (Methow FH); (2) Twisp River (Twisp Acclimation Pond) and (3) Chewuch River 
(Chewuch Acclimation Pond). The total production level target is 550,000 smolts divided equally among the three 
release sites (approximately 183,000 smolts per site).   

  

Pre-season run-escapement of Methow origin spring Chinook past Wells Dam during 2009 are estimated at 2,237 
spring Chinook, including 1,943 hatchery and 294 natural origin Chinook (Table 1 and Table 2).  In-season 
estimates of natural origin spring Chinook will be adjusted proportional to the estimated returns to Wells Dam at 
weekly intervals and may result in adjustments to the broodstock collection targets presented in this document. 

 

Based on current juvenile rearing capacity at Methow FH, programmed production levels (550,000 smolts), BKD 
management strategies, projected return for BY 2009 Methow Basin spring Chinook at Wells Dam (Table 1 and 
Table 2), and assumptions listed in Table 3, the following broodstock collection protocol was developed.   

 

The 2009 Methow spring Chinook broodstock collection will target 359 adult spring Chinook.  Based on the pre-
season run forecast, Twisp fish are expected to represent 3% of the adipose present, CWT tagged hatchery adults 
and 12% of the natural origin spring Chinook passing above Wells Dam (Tables 1 and 2). Based on this proportional 
contribution, and a collection objective to limit extraction to no greater than 33%, the 2009 Twisp origin broodstock 
collection will be predominantly hatchery origin and total 33 fish (11 wild and 22 Hatchery), representing 30% of 
the broodstock necessary to meet Twisp program production of 183,000 smolts.  Methow Composite fish are 
expected to represent 97% of the adipose present CWT tagged hatchery adults and 88% of the natural origin spring 
Chinook passing above Wells Dam (Tables 1 and 2).  Based on this proportional contribution and a collection 
objective to limit extraction to no greater than 33%, the 2009 Methow Composite (combined Methow and Chewuch 
river spawning aggregates) broodstock collection will be predominantly hatchery origin and total 326 spring 
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Chinook (86 wild and 240 Hatchery).  The broodstock collected for the Methow Composite production represents 
100% of the broodstock necessary to meet Methow Composite program production of 367,000 smolts (combined 
Methow and Chewuch production), and sufficient to backfill the expected shortfall of 129,000 Twisp River spring 
Chinook. The Twisp River releases will be limited to releasing progeny of broodstock identified as wild Twisp and 
or known Twisp hatchery origin fish, per ESA Permit 1196. The Chewuch Pond and Methow FH releases will 
include progeny of broodstock identified as wild non-Twisp origin and known Methow Composite hatchery origin 
fish.   

Table 1. Brood Year 2004-2006 age-class return projection for wild spring Chinook Dam    

above Wells during 2009.                    
                         
       Smolt Estimate           
              
   2/  Age-at-Return   
  1/ Methow            
  Twisp Basin Twisp  Methow Basin   
               
            3/ 
BY     Age-3 Age-4 Age-5 Total  Age-3 Age-4 Age-5 Total    SAR 
2004 5,873 22,941 2 21 10 33  6 83 38 128 0.005581 
2005 5,372 55,381 1 19 9 30  15 201 93 309 0.005581 
2006 18,580 198,400 5 67 31 104 55 720 332 1107 0.005581 

2009 Return Year  5 19 10 34  55 201 38 294   
               
1/- Smolt estimate based on sub-yearling and yearling emigration (Snow et al. 2008)     
2/- Estimated Methow Basin smolt emigration, based on Twisp Basin smolt emigration, proportional    
     redd deposition in the Twisp River  and Twisp Basin smolt production estimate.     
3/- Mean 1998-2003 Chiwawa River wild SAR as a surrogate wild SAR for Methow spring Chinook     
 

BY 2004-2006 age-class and origin run-escapement projection for UCR spring Chinook at Wells Dam, 2009       
               
  Projected Escapement 
                
  Origin  Total 
                
  Hatchery Wild  Methow Basin  
                
Stock Age-3 Age-4 Age-5 Total  Age-3 Age-4 Age-5 Total   Age-3 Age-4 Age-5 Total 
                
MetComp 164 947 42 1,153 50 182 28 260  214 1,129 70 1,413 
% Total    59%    88%     63% 
                
Twisp 14 47 6 67 5 19 10 34  19 66 16 101 
% Total    3%    12%     5% 
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Winthrop (MetComp)    723         723 
     37%           
Total       1,943  55 201 38 294         2,237 
        87%        13%         100% 
 

 

Trapping at Wells Dam will occur at the East and West ladder traps beginning on 04 May, or at such time as the first 
spring Chinook are observed passing Wells Dam and continue through 24 June 2009.  Access to the east ladder trap 
will be coordinated with staff at Wells Dam due to rotor rewind project. Trapping schedule will consists of 3-
day/week (Monday-Wednesday), up to 16-hours/day.  Two of the three trapping days will be concurrent with the 
stock assessment sampling activities authorized through the 2009 Douglas PUD Hatchery M&E Implementation 
Plan.  Natural origin spring Chinook will be retained from the run, consistent with spring Chinook run timing at 
Wells Dam (weekly collection quotas). Once the weekly quota target is reached, broodstock collection will cease 
until the beginning of the next week. If a shortfall occurs in the weekly trapping quota, the shortfall will carry 
forward to the following weeks collection quota.  All natural origin spring Chinook collected at Wells Dam for 
broodstock will be held at the Methow FH. 
  

To meet Methow FH broodstock collection for hatchery origin Methow Composite and Twisp River stocks, adipose-
present coded-wire tagged hatchery fish will be collected at Methow FH, Winthrop NFH and the Twisp Weir 
beginning 01May or at such time as spring Chinook are observed passing Wells Dam and continuing through 21 
August 2009.  Natural origin spring Chinook will be retained at the Twisp weir as necessary to bolster the Twisp 
program production so long as the aggregate collection at Wells Dam and Twisp River weir does not exceed 33% of 
the estimated Twisp River natural origin return past Wells Dam.  All hatchery and natural origin fish collected at 
Methow FH, Twisp Weir and Winthrop NFH for broodstock will be held at the Methow FH. 
 

Steelhead 
Steelhead mitigation programs above Wells Dam (including the USFWS steelhead program at Winthrop NFH) 
utilize adult broodstock collections at Wells Dam and incubation/rearing at Wells Fish Hatchery (FH). The Wells 

Table 3.  Assumptions and calculations to determine number of broodstock needed for BY 2009 production 
of 550,00 smolts 

 
 
Smolt release                                                                550,000       Smolts 
Fertilization-to-release survival 90%   

Egg-take (Production)  611,000 Eggs 

18% cull allowance 2/  73,000  

Total Egg Take  684,000 Eggs 

Fecundity 4,000 1/ 171 Females spawned 

Female to male ratio 1 to 1 341 Total spawned 

Pre-spawn survival 95% 359 Broodstock collection target 

    
1/- Based on historical program age-4 fecundities and expected 2009 return age structure (Table 1).  
2/- Hatchery origin MetComp. component only, and is based on projected natural origin collection and assumption 
that all Twisp (hatchery and wild) and wild MetComp. will be retained for production.  
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Steelhead Program also provides eggs for UCR steelhead reared at Ringold FH, not as a mitigation requirement, but 
rather an opportunity to reduce the prevalence of early spawn hatchery steelhead in the mitigation component above 
Wells Dam. Typically, Wells hatchery origin steelhead held at Wells FH spawn earlier than natural origin steelhead. 
Early maturation of hatchery fish in the hatchery may indicate a propensity for these fish to spawn early in the 
natural environment as well and may have a negative effect on hatchery spawner success. In efforts to minimize 
impacts from early maturation, the Wells Hatchery program has transferred eggs from the earliest spawn hatchery 
steelhead to Ringold FH.  Preliminary evaluations indicate that the mean spawn timing of HxH steelhead at Wells 
FH has been delayed and may be a function of these actions (Figure 1).  Based on these preliminary evaluations, 
WDFW proposes to continue the transfer eggs from early spawn hatchery origin steelhead to Ringold FH. 
 

 
Figure 1.  Mean spawn timing of HxH steelhead at Wells FH, BY 1999-2007  

                  (WDFW unpublished Data). 
 
 
Based on mitigation program production objectives (Table 4) and program assumptions (Table 5), the following 
broodstock collection protocol was developed. 
 
Trapping at Wells Dam will selectively retain 366 steelhead (east and west ladder collection).  Access to the east 
ladder trap will be coordinated with staff at Wells Dam due to rotor rewind project.  Hatchery and natural origin 
collections will be consistent with run-timing of hatchery and natural origin steelhead at Wells Dam. The collection 
will retain no greater than 33% natural origin broodstock for the mitigation programs and 100% hatchery origin 
within the Ringold FH production component.  Overall collection will be limited to no more than 33% of the entire 
run or 33% of the natural origin return.  The east and west ladder trapping at Wells Dam will begin on 01 August 
and terminate by 31 October and will be operated concurrently, three days per week, up to 16 hours per day, if 
required to meet broodstock objectives.  Trapping on the east ladder will be concurrent with summer Chinook 
broodstocking efforts through 14 September and will continue through 31 October, concurrent with west ladder 
steelhead collections.  Adult return composition including number, origin, age structure, and sex ratio will be 
assessed in-season at Priest Rapids and Wells dams.  Broodstock collection adjustments may be made based on in-
season monitoring and evaluation.  
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Table 4.  A dult steelhead collection objectives for program s supported through 
adult steelhead broodstock collection at W ells D am .  

# # eyed % # # Total
Program  Sm olts eggs W ild W ild H atchery A dults

D CPU D  1/ 349,000 401,149 33% 59 119 178
G CPU D  1/ 80,000 91,954 33% 14 27 41
U SFW S 1/ 80,000 91,954 33% 14 27 41 3/

Sub-Total 509,000 585,057 33% 87 174 260

Ringold 180,000 240,000 0% 0 106 106 3/

Sub-Total 180,000 240,000 0% 0 106 106

G rand Total 2/ 689,000 825,057 24% 87 289 366

1/- Above W ells D am releases.  T arget H xW  parental adults as the hatchery component
2/- B ased on steelhead production consistent with M id Columbia H CP 's, G CPU D
    B iO p and Section 10 Permit 1395.
3/- B ased on adults required for eyed egg allo tment

Table 5.  Program assumptions used to determine adult collection required to meet steelhead 
production objectives for programs above Wells Dam and at Ringold Springs Fish Hatchery.

Program assumption Standard

Pre-spawn survival 97%
Female to male ratio 1.0 : 1.0
Fecundity 5,400
Propagation survival
        87% fertilization to eyed egg 87%
        86% eyed egg to yearling release 86% 1/

        75% fertilization to yearling release 75% 1/

1/- Not applicable to Ringold Springs Fish Hatchery
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Summer/fall Chinook 
Summer/fall Chinook mitigation programs above Wells Dam utilize adult broodstock collections at Wells Dam and 
incubation/rearing at Eastbank Fish Hatchery. The total production level target is 976,000 summer/fall Chinook 
smolts for two acclimation/release sites on the Methow and Similkameen rivers (Carlton Pond and Similkameen 
Pond, respectively).  
 
The TAC 2009 Columbia River UCR summer Chinook return projection to the Columbia River (Appendix A) and 
BY 2005, 2006 and 2007 spawn escapement to tributaries above Wells Dam indicate sufficient summer Chinook 
will return past Wells Dam to achieve full broodstock collection for supplementation programs above Wells Dam. 
Based on initial run expectations of summer Chinook to the Columbia River, program objectives and program 
assumptions (Table 6); the following broodstock collection protocol was developed. 
 
WDFW will retain 556 natural-origin summer/fall Chinook at Wells Dam east and west ladder, including 278 
females. Collection will be proportional to return timing between 01 July and 13 September.  Access to the east 
ladder trap will be coordinated with staff at Wells Dam due to rotor rewind project.  Trapping will occur 3-
days/week, 16 hours/day.  The 3-year old component will be limited to 10 percent of the broodstock collection.  If 
the probability of achieving the broodstock goal is reduced based on actual natural-origin escapement levels, 
broodstock origin composition will be adjusted to meet the broodstock collection objective.  

 

 
Columbia River Mainstem below Wells Dam 
 
Summer/fall Chinook 
Summer/fall Chinook mitigation programs that release juveniles directly into the Columbia River between Wells 
and Rocky Reach dams are supported through adult broodstock collections at Wells Dam.  The total production 
level supported by this collection is 520,000 yearling and 1,562,000 sub-yearling Chinook. Upon agreement in the 
HCP, the 2009, summer Chinook broodstock collections at Wells FH may also include 250,000 green eggs to 
support the Yakama Nation (YN) reintroduction of summer Chinook to the Yakima River Basin.  If approved by the 
HCP Hatchery Committee, the YN eggs will be the last eggs taken and will be the responsibility of staff associated 
with the YN program. 

 

Adults returning from this program are to support harvest opportunities and are not 
intended to increase natural production and have been termed segregated harvest 
programs.  These programs have contributed to harvest opportunities; however, adults 

Table 6.  Assumptions and calculations to determine number of broodstock needed 
for summer/fall Chinook production at Carlton and Similkameen ponds.

Program Assumption Carlton Pond Similkameen Pond Total

Smolt release 400,000 576,000 976,000

Fertilization-to-release survival 90%
Eggtake Target 512,821 738,462 1,251,282
Fecundity 5,000
Female target 103 148 250
Female to male ratio 1 to 1
Broodstock target 205 295 501
Pre-spawn survival 95%
Total collection target 228 328 556
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from these programs have been documented contributing to the adult spawning 
escapement in tributaries upstream and downstream from their release locations.  Because 
adults from these programs contribute to the natural spawn escapement, the broodstock 
collection will incorporate 10 percent natural-origin fish into the broodstock to reduce the 
potential genetic risk to the naturalized summer/fall Chinook stocks in the upper Columbia 
River region. Based on mitigation objectives and program assumptions (Table 7), the 
following broodstock collection protocol was developed.   

 
WDFW will collect 1,476 run-at-large summer Chinook including 1,339 hatchery fish from the volunteer ladder trap 
at Wells Fish Hatchery outfall and 137 natural-origin fish from the Wells Hatchery outfall, and/or Wells Dam east 
and west ladders. Access to the east ladder trap will be coordinated with staff at Wells Dam due to rotor rewind 
project.  Overall extraction of natural-origin fish passing Wells Dam (Wells program and above Wells Dam 
summer/fall Chinook programs) will not exceed 33 percent.  West ladder collections will begin 01 July and 
completed by 14 September and will be consistent with run timing past Wells Dam.  Due to fish health concerns 
associated with the volunteer collection site (warming Columbia River water during late August), the volunteer 
collection will begin 10 July and terminate by 31 August.  The 3-year old component will be limited to 10 percent of 
the broodstock collection. 

 

 
Table 7.  Assumptions and calculations to determine number of broodstock needed for      
summer/fall Chinook production at Wells and Turtle Rock Island hatcheries.     
        1/    

             Standard 
           

Wells FH  
Turtle Rock 
FH  YN     

            
  Sub-  Sub-  Sub-      
Program 
Assumption 

yearlin
g Yearling yearling Yearling yearling Yearling green-egg Total  

            
Smolt release   484,000 320,000 1,078,000 200,000 250,000 NA  
Fertilization-to-
release survival 73% 2/ 78%     NA NA  
Eggtake Target   663,014 410,256 1,476,712 256,410 250,000 3,056,392  
Fecundity 4,600 4,600         
Female target   144 89 321 56 54 664  
Female to male ratio 1 to 1 1 to 1         
Broodstock target   288 178 642 111 109 1,328  
Pre-spawn survival 90% 90%         
Total collection 
target     320 198 713 124 121 1,476  
1/- Green eggs for YN reintroduction program in the Yakima River Basin.       
2/- Based on increased monitoring of the green egg-to-marking loss for BY 07 and 08 that 
indicates a un-fertilized- to- marking loss of 27%.         
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Coho  
Yakama Nation will provide broodstock collection objectives for the coho reintroduction program in the Methow 
River basin.  WDFW will work collaboratively with the Yakama Nation to facilitate coho collections at Wells Dam.  
Access to the east ladder trap will be coordinating with staff at Wells Dam due to the rotor rewind project. 

 

Wenatchee River Basin 

 

Spring Chinook 

The Eastbank Fish Hatchery (FH) rears spring Chinook salmon for the Chiwawa River acclimation pond located on 
the Chiwawa River. The program production level target is 672,000 smolts, requiring a total broodstock collection 
of 379 spring Chinook (Table 8).  

 

 

Natural origin fish inclusion into the broodstock will continue to be a priority, with natural origin fish specifically 
being targeted. Consistent with ESA Section 10 Permit 1196, natural origin fish collections will not exceed 33 
percent of the return to the Chiwawa River and will provide, at a minimum, 33 percent of the total broodstock 
retained. 
 

In addition to production levels and ESA permit provisions, the 2009 broodstock collection, will again, as in 2008, 
target hatchery origin Chiwawa spring Chinook at Tumwater Dam.  Also in 2009, an interim measure will include 
extraction of adipose clipped non-coded wire tag adult spring Chinook, as a strategy to reduce straying of 
Leavenworth NFH spring Chinook to the upper Basin habitat. 
 

Pre-season estimates project 5,114 spring Chinook destine for the Chiwawa River, of which 703 (13.7%) and 4,411  
fish (86.3%) are expected to be natural and hatchery origin spring Chinook, respectively (Table 9 and 10). Based on 
the projected 2009 Chiwawa River run-size and origin composition, and provisions in ESA Section 10 Permit 1196, 
WDFW will retain 379 spring Chinook for broodstock purposes, representing 100% of the program broodstock 
objective.  Two hundred and thirty-two (232) natural origin spring Chinook will be retained at the Chiwawa Weir 
and 147 adipose-clipped, CWT hatchery origin spring Chinook will be collected at Tumwater Dam. In-season 
assessment of the magnitude and origin composition of the spring Chinook return above Tumwater Dam will be 
used to provide in-season adjustments to broodstock collection, consistent ESA Section 10 Permit 1196. 

Table 8.  Assumptions and calculations to determine number 
of broodstock needed for Chiwawa program release of 672,000 smolts.

Program Assumption Standard Chiwawa program

Smolt release 672,000
Fertilization-to-release survival 83%
Eggtake Target 809,639
Fecundity 4,400
Female target 184
Female to male ratio 1 to 1
broodstock target 368
Pre-spawn survival 97%
Total broodstock collection 379
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Table 9.  BY 2004-2006 age-class return projection for wild spring Chinook above Tumwater Dam  
during 2009            
              

  Smolt Estimate Chiwawa 
Wen. Basin above Tumwater 

Dam   
              

Brood 
Year 

1/          
Chiwawa  

2/          
Wen. Basin 

3/      
Age-3 

3/      
Age-4

3/         

Age-5 Total  
3/          

Age-3 
3/          

Age-4 
3/       

Age-5 Total 
4/             

SAR  
2004 101,172 197,944 28 367 169 565 55 718 331 1,105 0.005581 
2005 140,737 338,079 39 510 236 785 94 1,226 566 1,887 0.005581 
2006 86,579 153,918 24 314 145 483 43 558 258 859 0.005581 
Total 2008 Return 24 510 169 703  43 1,226 331 1,600   
1/- Smolt production estimate.                    
2/- smolt production estimate based on proportional redd disposition in the Wenatchee Basin above Tumwater Dam     
      and Chiwawa smolt production estimate.          
3/- Based on average age-at-return for natural-origin spring Chinook above Tumwater Dam (WDFW unpublished data).     
4/- Mean Chiwawa spring Chinook SAR to the Wenatchee Basin (BY 1998-2003)(WDFW unpublished data).     
 

Table 10.  BY 2004-2006 age-class return projection for Chiwawa Hatchery   
spring Chinook above Tumwater Dam during 2009     
          
  Smolt Estimate  Adult Return   
               
Brood 
Year 

1/  
Chiwawa   

2/         
Age-3 

2/         
Age-4 

2/            

Age-5 Total 
3/              

SAR  
2004 494,517 883 2,564 757 4,203 0.0085 
2005 494,012 882 2,561 756 4,199 0.0085 
2006 612,482 1,093 3,176 937 5,206 0.0085 
Total 2008 Return  1,093 2,561 757 4,411   
1/- Chiwawa smolt release (Hillman et al. 2007)         
2/- Based on average age-at-return for natural-origin spring Chinook above Tumwater Dam (Hilllman et al. 2007) . 
    and total estimated BY return.       
3/- Mean Chiwawa hatchery spring Chinook SAR to the Wenatchee Basin (BY 1996-2001)     

 

 

Trapping at Tumwater Dam will begin 01 May and will be concurrent with trapping for the Spring Chinook 
Reproductive Success Study.  Collection at both Tumwater Dam and Chiwawa Weir will be based on weekly 
quotas, consistent with average run timing at Tumwater Dam. If the weekly quota is attained prior to the end of the 
week, retention of spring Chinook for broodstock will cease.  If the weekly quota is not attained, the shortfall will 
carry forward to the next week. The number of hatchery origin fish retained at Tumwater Dam will be adjusted in-
season, based on estimated Chiwawa River natural-origin returns provided through extrapolation of returns past 
Tumwater Dam.  If hatchery origin Chinook are retained in excess to that required to maintain a minimum 33 
percent natural origin composition in the broodstock, excess fish will be returned to the Chiwawa River beginning 
the third week of July.   
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Throughout broodstock collection at Tumwater Dam, adipose absent, non-CWT spring Chinook will be extracted 
and provided to USFWS as a measure to reduce the prevalence of non-endemic spring Chinook above Tumwater 
Dam.  All adults that are found at Tumwater Dam with a missing adipose fin and lacking a coded wire tag will be 
putatively classified as LNFH strays. However, it is likely that some proportion of the adipose clipped  non-CWT 
fish are ESA-listed hatchery adults that have shed their tags. Based on the BY 2004, 2005, and 2006 tag rate for 
Chiwawa spring Chinook and the projected 2009 Chiwawa hatchery return to Tumwater Dam, the extraction of 
adipose clipped non-CWT spring Chinook may include 61 Chiwawa spring Chinook, representing just 1.4% of the 
projected 4,411 returning Chiwawa hatchery origin spring Chinook.  Based on the USFWS estimates of projected 
LNFH strays arriving at Tumwater Dam in 2009 (USFWS 2009), the extraction action is expected to remove an 
estimated 89 LNFH stays, representing 54% of the total stray estimate. With reduced rates of CWT marking at 
LNFH (in upcoming return years) the USFWS forecasts that the rate of extraction of LNFH strays at Tumwater will 
increase to 68% in 2010, 75% in 2011, and 80% in 2011.  As long as CWT marking rates remain at the current 
USFWS goal of 17%, the extraction rate of LNFH strays at Tumwater Dam will remain greater than 80% for 2012 
and beyond. Logistics for 2009 extraction activities will be coordinated between USFWS, WDFW and CPUD. 

 

Broodstock collection at the Chiwawa Weir will begin 01 June and terminate no later than 10 September.  Spring 
Chinook trapping at the Chiwawa Weir will follow a 4-days up and 3-days down schedule, consistent with weekly 
broodstock collection quotas that approximate the historical run timing and a maximum 33 percent retention of the 
projected natural-origin escapement to the Chiwawa River. If the weekly quota is attained prior to the end of the 4-
day trapping period, trapping will cease.  If the weekly quota is not attained within the 4- day trapping period, the 
shortfall will carry forward to the next week.  

 
All bull trout and spring Chinook in excess of broodstock needs trapped at the Chiwawa weir will be transported by 
tank truck and released into a resting/recovery pool at least 1.0 km upstream from the Chiwawa River Weir.   
  
 Steelhead 
The steelhead mitigation program in the Wenatchee Basin use broodstock collections at Dryden and Tumwater dams 
located on the Wenatchee River.  Per ESA section 10 Permit 1395 provisions, broodstock collection will target 50% 
natural origin fish and 50% hatchery origin fish, not to exceed 33% of the natural origin steelhead return to the 
Wenatchee Basin.  Based on these limitations and the assumptions listed below (Table 11), the following broodstock 
collection protocol was developed. 
 
WDFW will retain 208 mixed origin steelhead at Dryden and Tumwater dams, including 104 natural origin and 104 
hatchery origin steelhead.  Collection will be proportional to return timing between 01 July and 12 November.   
Collection may also occur between 13 November and 3 December at both traps, concurrent with the Yakama Nation 
coho broodstock collection activities.  Hatchery x hatchery parental cross and unknown hatchery parental cross 
adults will be excluded from the broodstock collection.  Hatchery steelhead parental origins will be determined 
through evaluation of VIE tags and PIT tag interrogation during collection.  Adult return composition including 
number, origin, age structure, and sex ratio will be assessed in-season at Priest Rapids and at Dryden Dam.  
Broodstock collection adjustments may be made based on these in-season monitoring and evaluation.   

 
In the event that steelhead collections fall substantially behind schedule, WDFW may initiate/coordinated adult 
steelhead collection in the mainstem Wenatchee River by hook and line.  In addition to trapping and hook and line 
collection efforts, Tumwater and Dryden dams may be operated between February and early April to supplement 
broodstock numbers if the fall trapping effort provides fewer than 208 adults. 
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Summer/fall Chinook 
Summer/fall Chinook mitigation programs in the Wenatchee River Basin utilize adult broodstock collections at 
Dryden and Tumwater dams, incubation/rearing at Eastbank Fish Hatchery (FH) and acclimation/release from the 
Dryden Acclimation Pond. The total production level target is 864,000 smolts. 
 
The TAC 2009 Columbia River UCR summer Chinook return projection to the Columbia River (Appendix A) and 
BY 2005, 2006 and 2007 spawn escapement to the Wenatchee River indicate sufficient summer Chinook will return 
to the Wenatchee River to achieve full broodstock collection for the Wenatchee River summer Chinook 
supplementation program. Review of recent summer/fall Chinook run-timing past Dryden and Tumwater dam 
indicates that previous broodstock collection activities have omitted the early returning summer/fall Chinook, 
primarily due to limitations imposed by ESA Section 10 Permit 1347 to minimize impacts to listed spring Chinook.  
In an effort to incorporate broodstock that better represent the summer/fall Chinook run timing in the Wenatchee 
Basin, the broodstock collection will front-load the collection to account for the disproportionate collection timing.  
Approximately 43 percent of the summer/fall Chinook passage to the upper Basin occurs prior to the end of the first 
week of July; therefore, the collection will provide 43 percent of the objective by the end of the first week of July. 
Weekly collection after the first week of July will be consistent with run timing of summer/fall Chinook during the 
remainder of the trapping period.  Collections will be limited to a 33 percent extraction of the estimated natural-
origin escapement to the Wenatchee Basin.  Based on these limitations and the assumptions listed below (Table 12), 
the following broodstock collection protocol was developed. 
 
WDFW will retain 492 natural-origin, summer Chinook at Dryden and Tumwater dams, including 246 females.  To 
better assure achieving the appropriate females equivalents for programmed production, the collection will utilize 
ultra-sound equipment to determine the sex of each fish retained for broodstock. Trapping at Dryden Dam will begin 
01 July and terminate no later than 14 September and operate up to 7-days/week, 24-hours/day.  Trapping at 
Tumwater Dam may begin 15 July and terminate no later than 14 September and operate 3-days/week, 8-hours/day.   

 
If the probability of achieving the broodstock goal is reduced, based on the estimated escapement levels, broodstock 
composition will be adjusted to meet the broodstock collection objective of 492 summer Chinook. 
 

Table 11.  Assumptions and calculations to determine number and origin of adult 
steelhead needed for Wenatchee Basin Steelhead program release of 400,000 smolts.

Program Assumption Standard Wenatchee program

Smolt release 400,000
Fertilization-to-release survival 75%
Eggtake Target 533,333
Fecundity 5,400
Female target 99
Female to male ratio 1 to 1
broodstock target 198
Pre-spawn survival 95%
Total broodstock collection 208
Natural : hatchery ratio 1 to 1
Natural origin collection total 104
Hatchery origin collection total 104
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Table 9.  Assumptions and calculations to determine number of summer Chinook   
 broodstock needed for Wenatchee Basin program release of 864,000 smolts. 

      
Program Assumption Standard Wenatchee program 
      
Smolt release  864,000 
Fertilization-to-release survival 78%   
Eggtake Target  1,107,692 
Fecundity 5,000   
Female target  222 
Female to male ratio 1 to 1   
broodstock target  443 
Pre-spawn survival 90%   
Total broodstock collection    492 

 

Sockeye 
Sockeye Salmon mitigation in the Wenatchee River Basin utilizes adult broodstock collections at Tumwater Dam, 
incubation/rearing at Eastbank Fish Hatchery (FH) and rearing/pre-smolt releases from the net pens in Lake 
Wenatchee. The total production level for the 2009 BY is 200,000 pre-smolts. 1/ 

 

The TAC 2009 UCR sockeye return projection to Columbia River (Appendix A) indicates sufficient Lake 
Wenatchee sockeye will be available to meet broodstock collection objectives. Based on TAC projected return, 
100% natural-origin broodstock composition and assumptions listed below (Table 13), the following broodstock 
collection protocol was developed. 

 

WDFW will retain 260 natural origin sockeye, proportional to run timing at Tumwater Dam.  Due to the unequal sex 
ratio in previous years, attempts will be made to collect an equal number of males and females.  Trapping may begin 
on 15 July and terminate by 15 August.  Trapping will occur no more than 3-days/week, 8- hours/day. 

 
 
1/- Chelan HCP Hatchery Committee has agreed to future production level of 280,000 fish, pending appropriate infrastructure 
improvements. 
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Coho 
Yakama Nation will provide broodstock collection objectives and program assumptions for the coho reintroduction 
program in the Wenatchee River basin.  WDFW will work collaboratively with the Yakama Nation to facilitate coho 
broodstock collections at Dryden and Tumwater Dam. 
 

White River Spring Chinook Captive Brood 
Smolt production associated with the White River Captive Broodstock Program (150,000 smolts) will be separate 
from the smolt production objective associated with the Chiwawa River adult supplementation program.  Spawning, 
incubation, rearing acclimation and release will be consistent with provisions of ESA Permit 1592.  
 
Broodstock collection efforts for brood year 2009 will be addressed in a document separate from this 2009 
broodstock collection/protocol document and developed through the Priest Rapids Coordinating Committee 
Hatchery Committee (PRCC HC). 
 
Priest Rapids Fall Chinook 
Collection of fall Chinook broodstock at Priest Rapids Hatchery will generally begin in early September and 
continue through mid November.  Smolt release objectives specific to Grant PUD (5,000,000 sub-yearlings) and 
Federal (1,700,000 sub-yearlings) mitigation commitments and biological assumptions are detailed in Table 14. 
 
Agreements are in place and/or being negotiated that would allow Priest Rapids to take up to 3.7M eyed eggs for the 
Ringold Springs Rearing Facility.  Us V Oregon parties recently agreed that the brood stock used for the program at 
Ringold should be Priest Rapids stock. This was also a key recommendation by HSRG. This program is partial 
mitigation for the John Day Dam and will be funded by the ACOE if implemented.  Upon negotiated agreement 
among the effected parties for the additional egg collection for Ringold Springs Rearing Facility, the broodstock 
collection total will be adjusted accordingly. 
 
 
 
 
 
 
 
 
 
 
 
 

Table 13.  A ssumptions and calculations to determine number of sockeye salmon  
 broodstock needed for W enatchee B asin program release of 200,000 pre-smolts.

Program A ssumption Standard W enatchee program

Smolt release 200,000
Fertilization-to-release survival 78%
Eggtake Target 256,410
Fecundity 2,615
Female target 99
Female to male ratio 1 to 1
broodstock target 198
Pre-spawn survival 76%
Total broodstock collection 260
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Table 14.  Assumptions and calculations to determine the number of fall Chinook broodstock needed for the 
Priest Rapids program release of 6,700,000 sub-yearling fall Chinook 
Biological Assumptions         Standard     Program Objective 
Smolt Production level: 
Grant PUD Mitigation-PUD Funded      5,000,000 
John Day Mitigation- Federally Funded            1,700,000 
Fert.-to-release survival     87%    
Eggtake Target        7,700,000 
Fecundity     4,500       
Female requirement       1,711 
Sex ratio      1:1 
Pre-Spawn Survival    88% 
Broodstock Required                   3,888 
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