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Chapter 5.  Biological Program Details 

5.1  Broodstock Development Phase 1  

5.1.1  Wenatchee 
This phase has been completed in the Wenatchee subbasin.  With adult returns in 2008, the 
project proceeded to the second phase.  

5.1.2  Methow 
During 2008 and 2009, the YN continued to implement BDP1 in the Methow subbasin, and this 
phase is now considered complete in the Methow.  During BDP1, the YN released 500,000 
smolts annually from the Methow River basin or from sites such as Wells FH that contributed to 
the overall objective of local brood collection.  Typically, 250,000-350,000 acclimated coho 
smolts were released from the Winthrop NFH (WNFH).  The remaining 150,000-250,000 smolts 
were released from acclimation site(s) at Wells FH, or on the Methow and/or Twisp rivers.  

Both Methow and Wenatchee returns were used as broodstock for the entire mid-Columbia 
program, with each basin supplementing the other in years of basin-specific shortfalls.  Should 
broodstock shortfalls occur in the future in both basins, the program will rely on coho returns to 
other above-McNary Dam locations to supplement its production needs.  The intent is not to use 
lower river hatchery populations for future broodstock.   

During BDP1, Winthrop NFH and Wells Dam were the primary broodstock collection sites, with 
supplemental trapping at Wells FH.  BDP1 in the Methow was considered successful as of fall 
2009, when a mean trappable adult return of 632 coho adults (annual broodstock collection goal) 
in one 3-year period within 9 years was reached at Methow basin trapping facilities (Wells Dam, 
WNFH, and Wells FH).  Successful completion of BDP1 triggers the implementation of BDP2 in 
the Methow as of 2010.   

5.2  Broodstock Development Phase 2  

5.2.1  Wenatchee 
During BDP2 (2008-2013), the YN proposes to release one million smolts annually from the 
Wenatchee River basin.  Approximately 500,000 would be released above Tumwater Dam in 
Nason Creek, and Beaver Creek.  The remaining 500,000 coho smolts would continue to be 
released from Icicle Creek to ensure that broodstock collection goals are met while transitioning 
to upper basin collection sites.   

We would primarily trap broodstock at Tumwater Dam, Dryden Dam and/or Icicle Creek.  An 
emphasis on the use of upstream trapping sites will allow selection for coho which are able to 
navigate Tumwater Canyon and return to tributaries of the upper Wenatchee River.  Coho smolts 
released from upper basin tributaries and Icicle Creek would be differentiated by the use of body 
tags (a blank wire tag placed in the adipose fin).  Body tagging will allow researchers to either 
pass or capture adult coho at Dryden Dam.   

Broodstock Development Phase 2 will be successfully completed when we have a mean adult 
return to Wenatchee River traps of 1,312 adult coho for one 3-year period within 9 years, with a 
minimum of 50% of the broodstock collected at Tumwater Dam or other upper basin trapping 
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sites.  The requirement of 50% of broodstock collected at Tumwater Dam is based on the 
distribution of juvenile releases (50% above Tumwater Dam and 50% below Tumwater Dam).  If 
we collect 50% of our broodstock at Tumwater Dam (or other upstream trapping sites) when 
50% of the juveniles are released in upstream areas, it is assumed that we will be able to trap 
100% of our broodstock from upstream returning stocks during the Natural Production 
Implementation Phase.  Successful completion of BDP2 will trigger the start of the Natural 
Production phases.  

5.2.2  Methow 
BDP2 is expected to begin in 2010 and continue to 2013.  During BDP2, we propose to release 
500,000 smolts annually from the Methow River basin.  During BDP2, 250,000-350,000 
acclimated coho smolts would be released from the Winthrop NFH.  The remaining 150,000-
250,000 smolts would be released from acclimation site(s) on the Methow and/or Twisp rivers.  

During BDP2, broodstock collection efforts would shift emphasis to upstream trapping sites, to 
select coho which are able to return to the WNFH and to coho spawning habitat.  Winthrop NFH 
and tributary weirs will become the focal broodstock trapping locations.  During BDP2, release 
sites and numbers would remain the same as during BDP1.  We expect a gradual transition to 
100% collection in upstream locations, if possible.  During this transition, we would continue to 
trap as needed at Wells Dam to ensure that broodstock goals are met.  Use of body tags will aid 
in identifying and capturing returning coho at Wells Dam that were released from acclimation 
sites where adult trapping is difficult or impossible.  This supplemental mark will also help 
differentiate fish returning to sites with established trapping facilities in place.   
BDP2 will be considered successful when a mean of 656 adult coho (broodstock collection goal 
for BDP2) are trapped at upstream trapping sites (WNFH and tributary weirs) for one 3-year 
period, with 1,312 adult coho (broodstock collection goal for Natural Production Implementation 
Phase) trappable at Wells Dam.  Completion of BDP2 will trigger the Natural Production phases.  

5.3  Natural Production Phases 

The natural production phases are anticipated to begin as early as 2013 in both basins.  At the 
conclusion of BDP2 we expect to have hatchery broodstock which can successfully migrate back 
to the Wenatchee and Methow rivers.  However, we recognize that the Wenatchee and Methow 
stocks will remain domesticated until they are locally adapted21

Implementation of the habitat initiatives described in Section 1.5 is important to successful 
restoration of the naturally reproducing coho populations.  With the increased productivity 
resulting from habitat improvements funded under the 2008 Columbia Basin Fish Accords, plus 
other actions funded by the BOR, PUDs and others; and a supplementation program designed to 

 to habitats in the natural 
environment.  The Natural Production Phases described below represent the proposed transition 
from a domesticated hatchery program to locally adapted naturally reproducing populations in 
the Wenatchee and Methow subbasins.   

                                                 
21 We use the term “local adaptation” to refer to the process of naturalization: addressing the loss of fitness that 
occurs with hatchery stocks by emphasizing selection in the natural environment so that the population becomes 
adapted to habitats within each subbasin and ultimately achieves PNI > 0.5.  “Local adaptation” is distinguished 
from “broodstock development,” which selects for coho which can return to the Wenatchee and Methow rivers but 
does not address loss of fitness and adaptation to the natural environment.   
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maximize local adaptation while reducing domestication selection; the program is designed to 
reach its self-sustaining goals and be terminated after five generations of natural production 
supplementation. 

5.3.1  Natural Production Implementation Phase 
We expect to begin the Implementation Phase no earlier than 2013 in both the Wenatchee and 
Methow basins.  The Implementation Phase is designed to begin the local adaptation and 
naturalization process by reintroducing coho in areas predicted by EDT to have the greatest 
chance of success: the Chiwawa River, White River, Little Wenatchee River, Upper Wenatchee 
River, Chumstick Creek, Nason Creek, and various smaller tributaries in the Wenatchee 
subbasin; and in the mid- and upper reaches of the Methow River, the Chewuch River, Beaver 
Creek, the Twisp River, and various smaller tributaries in the Methow subbasin.  The 
Implementation Phase seeks to initiate the local adaptation and naturalization process by 
releasing enough hatchery fish in the natural environment to result in a spawning aggregate in 
each tributary of sufficient size that natural selection can act upon the population; and with an 
adequate number of first-generation natural-origin adults to incorporate into the broodstock as 
the Natural Production phases continue (Tables 5-1 and 5-2).  The Implementation Phase will 
last for one generation (three years).    
During NPIP in the Wenatchee subbasin, broodstock capture will continue to focus on upper 
basin sites listed in BDP2.  Wherever facilities exist, broodstock will be collected within the 
tributary of release.  Facility operations and duration of trapping continue from BDP2; additional 
trapping sites include the Chiwawa and White River adult weirs, although the latter has yet to be 
built by Grant PUD for the White River spring Chinook recovery program.   
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Table 5-1.  Proposed release numbers and locations for the Natural Production phases in the 
Wenatchee subbasin  

Location Implementation 
Phase  
Release Number 
(one generation 
only) 

Support Phase 
(1)  
Initial Release 
Number (est. 2 
generations) 

Support Phase 
(2)  
Final Release 
Number (PNI 
>0.5; est. 2 
generations) 

Long-Term (PFC) 
Periodic supple-
mentation may be needed 
to avoid extirpation again 

Chiwawa R. 350,000 245,000 122,500 0 
White R. 160,000 112,000   56,000 0 
Nason Cr. 210,000 147,000   73,500 0 
Little 
Wenatchee R. 

120,000   84,000   42,000 0 

Upper 
Wenatchee R. 

100,000   70,000   35,000 0 

Chumstick Cr. 
(Scheibler) 

  65,000   45,500   22,750 0 

Brender Cr.   50,000    35,000   17,500 0 
Misc. small 
tributaries 

Undetermined Undetermined Undetermined Undetermined 

Icicle Cr. 100,000   70,000   35,000 100,000 (3 generations, 
or until the population 
can persist without 
supplementation) 

Total 1,155,000 808,500 404,250 100,000 
 
Table 5-2.  Proposed release numbers and locations for the Natural Production phases in the 

Methow subbasin  
Location Implementation 

Phase  
Release Number 
(one generation 
only) 

Support Phase 
(1) 
Initial Release 
Number (est. 2 
generations) 

Support 
Phase (2) 
Final Release 
Number (PNI 
>0.5; est. 2 
generations) 

Long-Term (PFC) 
Periodic supplemen-
tation may be 
needed to avoid 
extirpation again  

Mainstem Methow 
R. 

350,000 245,000 122,500 100k release may be 
retained at WNFH 
for 3 generations 
until it can be shown 
that the population 
will persist without 
supplementation.  

Chewuch R. 300,000 210,000 105,000 0 
Twisp R. 250,000 175,000   87,500 0 
Beaver Cr. 
(Parmley) 

  50,000   35,000   17,500 0 

Gold Cr.   50,000   35,000   17,500 0 
Misc. small 
tributaries 

Undetermined Undetermined Undetermined Undetermined 

Total 1,000,000 700,000 350,000 100,000 
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The release numbers proposed for the Implementation Phase are generally based upon the 
predicted number of hatchery fish needed to initially seed the habitat.  We used two methods to 
estimate the capacity of naturally produced smolts in the Wenatchee and Methow basins: 1) the 
smolt production model described by Zillges (1977) and 2) Ecosystem Diagnosis and Treatment 
(EDT) (Mobrand et. al. 1997).  

The Zillges (1977) method is a smolt production model which has been used for Puget Sound 
and Washington coastal systems when actual data are not available (Seiler et al. 2004).  The 
method described by Zillges (1977) uses stream length in larger tributaries, and stream area 
(length x width) in smaller tributaries to estimate coho smolt production.  Bradford et al. (1997) 
found that coho salmon smolt abundance was primarily correlated with stream length, and that 
stream length was the most appropriate general measure of coho production.  The number of 
smolts produced per unit of stream length was constant and independent of stream size (Bradford 
et al. 1997).  Other variables such as discharge, stream gradient, and valley slope were not 
correlated with coho smolt production (Bradford et al. 1997).  However, Bradford et al. (1997) 
cautioned that models which predict coho smolt production based on stream length, such as 
Zillges (1977), are suitable at the regional or watershed level, but the precision of a prediction for 
a single stream may be poor.  Because different factors may be important in different streams at 
different times, there are no general predictive models that will yield precise estimates of coho 
smolt production potential (Bradford et al. 1997). 

We also used EDT (Mobrand et al. 1997) to provide an estimate of juvenile and adult capacity in 
the Wenatchee and Methow rivers.  In some cases, such as in the Little Wenatchee and the White 
River, the two estimates were almost identical, lending confidence to the estimates in these 
tributaries.  In other cases, such as Icicle Creek and Nason Creek, the EDT estimates appeared 
unrealistically low, based on data collected to date, and the Zillges (1977) method appeared 
unrealistically high.  In cases with a discrepancy between the estimates, we used the mid-point 
between the two values to estimate capacity.   

The capacity values were used as upper limits for the program.  To minimize potential species 
interactions, the actual release numbers will result in seeding levels below the estimated 
capacity, but are predicted to result in an adequate spawning escapement for which natural 
selection will begin the local adaptation process.  

After three years (one coho generation) of Implementation Phase releases, we propose to reduce 
the release numbers by 30% as we enter the Natural Production Support Phases.  

5.3.2  Natural Production Support Phases 1 and 2  
To address the fitness loss commonly associated with hatchery programs, the Support Phases use 
the fitness computations in the AHA model to guide program management, with the goal of 
reducing domestication selection and increasing local adaptation.  The support phases will begin 
following the Implementation Phase (2016) and will be terminated after four generations (12 
years) in 2028 unless it can be demonstrated that continued natural production support and local 
adaptation is still required to reach project goals.  The Support Phases will result in a fully 
integrated population which receives greater selective pressures from the natural environment 
than from the hatchery environment (PNI > 0.5), and eventually achieves a self-sustaining 
population.   
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Initial release numbers (Support Phase 1) will be reduced 30% from Implementation Phase 
release numbers.  The initial proportion of natural origin fish in the broodstock (pNOB) will be 
greater than or equal to 35%, with the proportion of hatchery origin fish on the spawning 
grounds (pHOS) limited to 75%.  When this initial goal is met (pNOB > 35%), we will continue 
to reduce the size of the supplementation program while increasing the pNOB (up to 80%) and 
limiting the proportion of hatchery fish on the spawning grounds (pHOS: 65%) until we have 
reached a PNI value of 0.50 or greater.   

During the Support Phases in the Wenatchee, broodstock capture will continue to focus on upper 
basin collection from sites listed in BDP2 and NPIP.  Where possible, broodstock will be 
collected at tributary facilities (Chiwawa River and/or other locations if developed outside of this 
program).  Implementation success within multiple streams and watersheds will drive collection 
numbers during the Support Phases.  Shortfalls in collection goals will result in utilizing 
Tumwater Dam and other in-basin sites (Dryden Dam, LNFH, and possibly small tributary 
weirs).  Annual broodstock protocols will address collection numbers and bi-weekly quotas. 

In the Methow, broodstock collection will continue in the same locations as in NPIP and in 
tributary traps developed in future years. 

5.4  AHA Calculations 

AHA computations for each release tributary depict the transition from a domesticated hatchery 
stock to a fully integrated supplementation program, and finally to a self-sustaining, naturally 
reproducing population.  The computations assume the habitat improvements made as part of 
other programs will occur, and that habitat capacity and associated productivity will increase to 
their target values.  A summary of the AHA calculations for each targeted tributary for coho 
restoration is in Tables 5-3 – 5-10 for the Wenatchee subbasin and in Tables 5-11 – 5-16 for the 
Methow subbasin.  

We are aware of the need for caution when using the AHA or any other single model to generate 
specific objectives, numerical or otherwise, as described by the ISRP and ISAB (2005).  
However, project proponents have found minimal literature or empirical data to guide the 
transition from a non-local domesticated hatchery stock to a population locally adapted to the 
natural environment.  The AHA model provides a framework from which the loss of fitness, or 
domestication, can be addressed in the form of a working hypothesis.  The proposed mid-
Columbia coho reintroduction plan presents a unique opportunity to test some of the assumptions 
of the AHA model, as they pertain to domestication and local adaptation, in the absence of 
genetic risk22

                                                 
22 Genetic risk is the probability of an event or activity having and adverse genetic consequence.  Adverse 
consequences include 1) extinction, 2) loss of within population genetic diversity, 3) loss of among-population 
genetic diversity, and 4) domestication (Busak and Currens 1995).   

 to a native coho population.   
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Table 6-4.  Example release plan 
Fish numbers/1,000, rounded to the nearest 1,000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

WENATCHEE
White R.

Tall Timber 90 90 90 63 63 63 63 63 63 32 32 32 32 32 32
Gray 50 50 50 35 35 35 35 35 35 18 18 18 18 18 18
Dirty Face 20 20 20 14 14 14 14 14 14 7 7 7 7 7 7

Nason Cr.
Rohlfing 120 110 110 110 105 105 105 74 74 74 74 74 74 37 37 37 37 37 37
Coulter 110 75 75 75 105 105 74 74 74 37 37 37
Butcher 150 115 115 115 105 74 74 74 37 37 37

Chiwawa R.
Minnow 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35
Chikamin 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35
Clear 150 150 150 150 150 150 105 105 105 105 105 105 53 53 53 53 53 53

Little Wenatchee R.
Two Rivers 120 120 120 84 84 84 84 84 84 42 42 42 42 42 42

Upper Wenatchee R.
Beaver 100 100 100 100 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35

Chumstick Cr.
Scheibler 65 65 65 46 46 46 46 46 46 23 23 23 23 23 23

Brender Cr.
Brender 50 50 50 35 35 35 35 35 35 18 18 18 18 18 18

Icicle Cr.
Leavenworth NFH 520 450 450 450 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35 100

WEN. SUBTOTAL 1,000 1,000 1,000 1,000 1,155 1,155 1,155 809 809 809 809 809 809 404 404 404 404 404 404 100

METHOW BDP 1
Chewuch R.

MSWA 50 50 50 50 50 50 50 50 50 25 25 25 25 25 25
Mason 125 125 125 73 73 73 73 73 73 36 36 36 36 36 36
Windhaven 125 125 125 88 88 88 88 88 88 44 44 44 44 44 44

Mainstem Methow R.
Goat Wall 50 50 50 35 35 35 35 35 35 18 18 18 18 18 18
Hancock 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35
Heath Ranch 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35
Winthrop NFH 400 300 212 212 100 100 100 70 70 70 70 70 70 35 35 35 35 35 35 100

Beaver Cr.
Parmley 50 50 50 50 50 35 35 35 35 35 35 18 18 18 18 18 18

Twisp R.
Lincoln 125 125 125 125 125 125 88 88 88 88 88 88 44 44 44 44 44 44
Lower Twisp 50 75 113 113 125 125 125 88 88 88 88 88 88 44 44 44 44 44 44

Gold Cr. 50 50 50 35 35 35 35 35 35 18 18 18 18 18 18
Wells Dam (Columbia) 50
MET.  SUBTOTAL 500 500 500 500 1,000 1,000 1,000 700 700 700 700 700 700 350 350 350 350 350 350 100

TOTAL 1,500 1,500 1,500 1,500 2,155 2,155 2,155 1,509 1,509 1,509 1,509 1,509 1,509 754 754 754 754 754 754 200

BDP 2 NPIP NPSP 1 NPSP 2

BDP 2 NPIP NPSP 1 NPSP 2

Note: Release numbers shown for the adult plant sites (Dirty Face and Hancock) are estimates of the smolts that would be 
produced from the adult plants. 

6.3.1  Wenatchee Subbasin Acclimation Facilities 
Smolts are proposed to be released from at least 14 locations in the Wenatchee watershed.  Three 
of these sites require pond and/or water supply construction, six have been used in the past by the 
MCCRP, and seven are potentially capable of over-winter acclimation.  Figure 6-5 shows the 
locations of the sites that form the proposed plan for the Wenatchee.  Location, land use/zoning, 
environmental elements, ground and surface water supply, and pond size and type details, along 
with photographs of the sites are included in Appendix C.2. 
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Figure 6-5.  Proposed Wenatchee Subbasin Acclimation Sites 
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6.3.2  Methow Subbasin Acclimation Facilities 
Smolts are proposed to be released from 11 or more locations in the Methow watershed (Figure 
6-6).  Winthrop NFH is also a rearing site and is described in detail in Section 6.2.3, Methow 
Subbasin Rearing Facilities.  Seven of the release sites are potentially capable of over-winter 
acclimation.  No new pond construction is planned in the Methow and five sites require some 
form of water supply construction.  Location, land use/zoning, environmental elements, ground 
and surface water supply, and pond size and type details, along with photographs of the sites are 
included in C.3.  

 
Figure 6-6.  Proposed Methow Subbasin Acclimation Sites  
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Chapter 7.  Monitoring and Evaluation Plan 
 

The goal of the M&E program is to monitor and evaluate the results of reintroduction so that 
operations can be adaptively managed to optimize hatchery and natural production while 
minimizing any negative ecological impacts.  Pursuing this goal, research data collection and 
analysis endeavors to: 1) demonstrate when the reintroduction program is meeting the 
established phased restoration goals; 2) determine whether a change in status of sensitive species 
is occurring and whether it is a result of coho reintroduction; and 3) provide science-based 
recommendations for management consideration.    

The M&E plan is organized into three distinct categories: Project Performance Indicators, 
Species Interactions, and Genetic Adaptability.  Project performance indicators are intended to 
evaluate how well reintroduced hatchery fish and the resulting naturally produced fish are 
surviving and adapting, whether certain reintroduction or hatchery practices can be modified to 
improve benefits achieved, and whether harvest levels threaten project success.  Monitoring of 
project performance indicators will allow for adaptive management and evaluation of project 
progress toward successful reintroduction.  Species interaction evaluations include monitoring 
the status of non-target taxa of concern (NTTOC) and investigating mechanisms of interaction 
(i.e., predation and competition).  The species interactions evaluations described in this plan 
expand on issues examined during the feasibility phase and are integrated with other species 
monitoring ongoing or proposed in the two basins.  Monitoring of genetic adaptability to local 
conditions is designed to determine whether the project is successfully creating a local 
broodstock distinct from lower Columbia River stocks in terms of genetic divergence and life 
history traits; and to determine the biological significance of the changes. 

M&E results and plan objectives will be reviewed and revised every six years (two generations) 
to allow for modification of actions and adaptive management.  NTTOC monitoring will 
continue until program termination, 5 generations (15 years) after starting the natural production 
phases.  

Note: We have left references to Broodstock Development Phase 1 in the text, even though 
BDP1 has been completed in both subbasins, to show the continuity of the M&E program 
throughout the project. 
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7.1  Project Performance Indicators 
7.1.1  Release-to-McNary Smolt Survival  

Objective: To estimate smolt-smolt survival (release to McNary Dam) for hatchery coho 
released in mid-Columbia tributaries.  

Metric: Smolt-to-smolt survival index (Neeley 2004) 

 
releasedor  dFish tagge ofNumber 

 stratum duringMcNary   passingFish     taggedofNumber  Estimated

McNary  Index to SurvivalSmolt - to-Smolt

Strata
∑

=  

Rationale: Mullan et al. (1992) and Chapman et al. (1994a; 1994b; 1995a; 1995b) recognize 
that a central limitation to building self-sustaining populations of anadromous fish in 
Wenatchee and Methow subbasins is the high smolt and adult mortalities incurred at the 
numerous hydropower facilities on the mainstem Columbia River.  Mortalities related to 
hydropower facilities can severely reduce the escapement numbers.  Salmon abundance is 
also heavily influenced by ocean conditions.  Freshwater conditions reflect variability within 
a broader spectrum of population abundance that is largely controlled by ocean conditions 
(Mullan et al. 1992; Nickelson 1986).  Therefore, we feel it is important to monitor survival 
of hatchery juveniles in freshwater to help partition smolt-to-adult survival of hatchery reared 
program fish into the components of freshwater and marine mortality.   

Smolt-to-smolt survival rates will be used to compare the “quality of smolt” produced by 
different rearing strategies, acclimation sites, acclimation duration, and time of release.  
Smolt-to-smolt survival indices will be used to evaluate rearing strategies and rearing 
facilities, to include current and proposed facilities, evaluations of growth rates, acclimation 
length, and smolt size.  Knowing how rearing and environmental conditions affect smolt 
survival allows researchers to adaptively manage the reintroduction effort to maximize 
survival.  Smolt-to smolt survival indices will be used to parse out that portion of mortality 
that is occurring during emigration.   

Restoration Phases: BDP1, BDP2, NPIP.  Smolt-to-smolt survival rates will be measured 
during the Support Phases if smolt-to-adult rates are not meeting program goals and further 
investigation into survival is warranted.   
Methods: Groups of juvenile coho, ranging from 3,500 to 8,000 individuals, depending upon 
release location, will be PIT-tagged 3-6 months prior to release.  PIT-tagged coho will be 
released from a minimum of one upper Wenatchee River acclimation site, LNFH, and 
Methow River site.  PIT groups will also be released from ponds which have not previously 
been used for coho acclimation and from sites where smolt-to-adult survival rates are below 
expectations.  All PIT tagging will follow protocols described in the PIT TAG Marking 
Procedures Manual (CBFWA 1999).  When possible, volitional releases will be monitored 
for PIT tags.  Survival estimates will be calculated based on subsequent PIT detections at 
McNary, John Day, and Bonneville Dams following methods described in Neeley 2007.  
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7.1.2  In-Pond Survival  
Objective: To estimate in-pond (transport-to-release) survival of hatchery coho.   

Metric: In-pond survival estimate based on PIT tag releases (Neeley 2007) or predator and 
mortality observations (Kamphaus and Murdoch 2008).  
Rationale: In-pond survival estimates will increase the accuracy of smolt-to-adult and smolt-
smolt survival estimates.  In-pond survival estimates will be used to evaluate the success of 
acclimation ponds and predator control strategies, allowing researchers to maximize survival 
through adaptive management.   

Restoration Phases: All phases.   

Method: Groups of approximately 3,500 to 8,000 juvenile coho will be PIT tagged 3-6 
months prior to release (see Section 7.1.1 R elease-to M cNar y Smolt Sur vival).  In-pond 
survival estimates based on PIT tags are possible only in ponds with monitored releases.  In-
pond survival based on PIT tags will be calculated following methods described in Neeley 
2007.  In-pond survival rates from acclimation sites that do not have PIT tag detection 
capability will be estimated based on moribund fish, numbers of predators observed, and 
predator consumption rates (Kamphaus and Murdoch 2008).  

7.1.3  Pre-Release Fish Condition  
Objective: To provide a comparative measure of fish condition and stage of smoltification 
prior to release.  

Metric: Stage of smoltification will be measured as the proportion of fish which, upon visual 
examination, appear to be smolts, transitional (in the process of becoming a smolt), or parr.  
Fish condition will be assessed not only on size and growth accrued during acclimation but 
also on morphological and physiological measures such as overall condition of fins and eyes; 
of internal organs (e.g., kidney, liver, spleen, etc.); and of mesenteric fat levels and blood 
components (% volume of red and white blood cells, plasma protein levels).  

Rationale: Pre-release fish condition examinations are intended to assess the normality or 
overall health of the population.  These examinations will allow researchers to compare fish 
condition between ponds and between years as a measure that may affect survival.   

Restoration Phases: All phases. 

Methods: A random sample of 100 fish from each acclimation pond will be used to measure 
stage of smoltification and growth weekly until release.  The pre-release fish condition 
assessment will be done once within 72 hours of release.  Detailed methods describing how 
stage of smoltification is determined and how pre-release fish condition examinations are 
conducted can be found in Kamphaus and Murdoch 2008.   

7.1.4  Volitional Release Run-Timing and Tributary Residency 
Objective:  To describe volitional release patterns, peak migration from acclimation ponds, 
duration of time spent in tributaries post-release, and run timing to McNary Dam. 

Metric: Run timing, in hours, calculated from PIT tag detections during monitored releases 
to recapture in tributary traps (i.e., smolt traps), in-stream PIT tag arrays, and Columbia 
River PIT detection facilities.     
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Rationale: Knowing tributary residence time will enable researchers to better understand the 
potential for interaction between hatchery coho and listed and sensitive species (see Section 
7.2 Species Interactions).  We will examine the relationship between volitional exit date and 
tributary residence time, allowing for programmatic changes to minimize potential negative 
interactions.  The correlation between volitional exit date and smolt-smolt survival may also 
enable researchers to maximize survival of hatchery fish by releasing hatchery coho at an 
optimal time.   

Run timing is a life history attribute which may change with the development of a local 
broodstock (see Section 7.3.1 M or phometr ics and L ife H istor y T r aits).  As natural 
production increases during the NPIP and Support Phases, run timing will be measured for 
both naturally produced and hatchery coho based on the distribution of migrating naturally 
produced coho captured in tributary smolt traps.   

Method: Using the same groups of 3,500 to 8,000 PIT-tagged juvenile coho as described in 
Section 7.1.1 R elease-to-M cNar y Smolt Sur vival, tributary residence time will be 
calculated from ponds with PIT tag detection capabilities (e.g., Butcher Creek Pond, 
Rohlfing’s Pond, Beaver Creek Pond Coulter Creek Pond, Winthrop NFH back-channel and 
Lower Twisp Ponds).  Dates and times of reported recaptures in tributary traps and Columbia 
River PIT tag interrogation facilities will be used to calculate residence time and run timing.   

7.1.5  Spawning Escapement and Distribution  
Objective:  To estimate in-basin spawning escapement and distribution for both hatchery 
origin returns (HORs) and natural-origin returns (NORs).   

M etr ic:  Annual redd counts, escapement estimates and spawning ground composition. 

Pur pose:  Redd counts will provide an estimate of spawning escapement and distribution of 
reintroduced coho salmon.  The counts, along with spawning composition (pNOS and pHOS) 
and distribution, will allow researchers and managers to determine the efficacy of the 
reintroduction effort, collect empirical productivity data and determine whether spawning 
ground composition goals for each phase are being met.   

Hypotheses:  
o Implementation Phase –  Ho: pHOS ≤ 90% 

o Support Phase (1) –  Ho: pHOS ≤ 75% 

o Support Phase (2) –  Ho: pHOS ≤ 65%  

Restoration Phases: All phases. 

M ethod:  Spawning escapement and distribution will be evaluated in terms of redd counts 
and an estimate of fish per redd (based on sex ratio observed at in-basin trapping facilities).  
Spawning ground surveys will be conducted in all tributaries where juvenile coho have been 
released and other tributaries that have coho spawning attributes such as low gradient, 
adequate winter flow and small gravel (about 25 mm) (Quinn 2005).  Radio-telemetry or PIT 
tagging techniques could be used, particularly during the natural production phases, to 
identify previously unknown coho spawning locations, to ensure that all spawning reaches 
are surveyed, and to identify spawning locations of straying coho.  A description of protocols 
for both spawning ground surveys and radio telemetry can be found in Murdoch et al. 2005.  
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7.1.6  Natural Smolt Production  
Objective:  To provide a population estimate of naturally produced coho smolts emigrating 
from the Wenatchee and Methow rivers.   

M etr ic:  Population estimates of both spring and fall emigrating coho with 95% confidence 
intervals.  

Rationale:  Natural smolt production estimates are a measure of productivity.  Smolt 
production estimates will be used to evaluate program progress and success in terms of egg-
to-emigrant survival rates and smolt-to-adult survival rates.  Natural smolt population 
estimates during all phases are essential to accurately measure key project performance 
indicators, such as smolt-to-adult survival rates.  

While the broodstock development phases primarily focus on the development of a local 
broodstock rather than on natural production, some natural production will occur during 
these early phases, likely in a geographically limited area.  Fish trapping facilities at Dryden 
Dam are not 100% efficient, presumably resulting in some natural production on a limited 
geographical scale.  It is important to collect data regarding natural production during the 
broodstock development phases because early measures of productivity (e.g., smolts per 
spawner, egg-to-emigrant survival, etc.) on a basin-wide scale will provide a rough baseline 
measure of the success of natural spawners prior to the natural production phases.     

Restoration Phases:  All Phases. 

Methods: Operation of rotary smolt traps, protocols for fish handling, and data analysis will 
proceed as described in Murdoch et al. (2005) and Hillman (2004).  Traps will be operated 
annually between March 1 and November 30.   

Broodstock Development Phases: During broodstock development phases we will 
coordinate with ongoing monitoring activities to reduce duplication of activities.  
Currently in the Wenatchee basin, WDFW operates a rotary smolt trap near the town of 
Monitor.  Through a cooperative effort, this trap will be used to provide population 
estimates for naturally produced coho as it was during the feasibility phase.  The YN-
operated smolt trap in Nason Creek will provide a tributary-specific population estimate.  
Similar coordination with WDFW in the Methow basin should provide a basin-wide coho 
population estimate for the Methow. 

Natural Production Phases:  All monitoring efforts, including population estimates 
during the natural production phases, will be coordinated with other co-managers and 
recovery processes to avoid unnecessary duplication of efforts and cumulative handling 
effects.  In tributaries currently without means of estimating smolt production, the YN 
proposes to operate either a rotary smolt trap or other sampling equipment during the 
spring and fall emigration periods to estimate the number of natural coho emigrants.   
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7.1.7  Egg-to-Emigrant Survival Rates  

Objective:  To estimate egg-to-emigrant survival rates for naturally produced coho salmon in 
mid-Columbia tributaries. 

M etr ic:  Egg-to-Emigrant Survival (S) will be expressed as the ratio of the estimated number 
of emigrant coho (Ce) and the estimated number of eggs deposited (Ed).  

S= Ce/Ed 

R ationale:  The egg-to-emigrant survival rate will provide data to determine which tributaries 
are most productive for coho production.  The relationship between egg-to-emigrant survival 
and seeding level will assist researchers in developing tributary-specific empirically derived 
estimates of carrying capacity.  

We assume that the freshwater productivity (expressed as an egg-to-emigrant survival rate) 
will increase as domestication selection is reduced, local adaptation is emphasized and 
habitat improvement projects are implemented.   

Hypothesis: 

o Ho: Egg-to-Emigrant Survival Broodstock Development Phases  ≥  Egg-to-Emigrant Survival 
Implementation Phase  ≥ Egg-to-Emigrant Survival Support Phase  

R estor ation Phases:  Egg-to-emigrant survival rates will be calculated on a basin-wide scale 
during the broodstock development phases (i.e., total number of redds vs. total number of 
emigrants).  During the natural production phases we will calculate egg-to-emigrant survival 
independently in each tributary of reintroduction.  

M ethods:  The number of emigrant coho will be estimated from tributary trap data as 
described in Section 7.1.6 Natur al Smolt Pr oduction.  The number of eggs deposited will 
be calculated from the number of redds observed (see Section 7.1.5 Spawning E scapement 
and Distr ibution).  Both basin-wide and tributary specific estimates will be calculated.    

7.1.8  Smolt-to-Adult Survival (SAR) 
Objective: To measure smolt-to-adult survival for hatchery and natural origin coho. 

Metric: Smolt-to-adult survival will be calculated as follows: 

Ssmolt-adult = Adults and Jacks br oodyear  X  /Smolts broodyear  X  

Where S smolt-adult is the estimated smolt-to-adult survival rates; Adults and Jacks br oodyear  X   is 
the number of adult coho to return from broodyear X ; Smolts br oodyear  X   is the population of 
emigrating smolts.   

Rationale: For hatchery fish, smolt-to-adult survival will be used to test the premise that 
SARs will increase with the development of a local broodstock.  SARs will also be used to 
compare the “quality of smolt” produced by different rearing strategies, acclimation sites, 
acclimation duration, and time of release.  Knowing how smolt-to-adult survival indices 
correlate with rearing and environmental conditions will allow researchers to adaptively 
manage the reintroduction effort to maximize survival.  The SARs will be used to evaluate 
rearing strategies and rearing facilities to maximize survival.  Evaluations will include 
facility comparisons (currently ongoing), comparisons of growth rates, smolt size, and 
acclimation length (currently ongoing).   
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We assume that the survival of Wenatchee and Methow coho will increase as domestication 
selection is reduced, local adaptation is emphasized and habitat improvement projects are 
implemented.   

Hypothesis: 

o Ho: Smolt-to-Adult Survival Broodstock Development Phases  ≥ Smolt-to-Adult Survival 
Implementation Phase  ≥ Smolt-to-Adult Survival Support Phases  

Methods: SARs will be calculated for both naturally and hatchery produced coho.  We plan 
to mark 100% of the hatchery fish released under this program with CWTs.  CWTs will be 
used to calculate SARs from each release group and location, and will be used to distinguish 
hatchery from natural fish (no CWT).  Pre-release CWT retentions will be used to estimate 
the number of fish with CWTs released.  To verify origin, scale samples will be taken from 
all adult coho that do not have a CWT.  During the broodstock development phases, SARs 
for hatchery and naturally produced coho will be calculated based upon the number of smolts 
released (hatchery), smolt emigration estimates from WDFW’s Methow and Wenatchee river 
smolt traps, and CWTs recovered from hatchery and naturally produced coho collected at 
Dryden Dam for broodstock.  During the natural production phases, tributary-specific SARs 
may be based on carcass recovery and tributary population estimates, in addition to the basin-
wide metric described above.    

7.1.9  Adult-to-Adult Productivity  
M etr ic:  Adult productivity will be measured in the Wenatchee and Methow broodstock 
collection facilities and on the spawning grounds (through carcass recovery) for naturally 
spawning fish.  Adult-to-adult survival will be calculated as follows:  

Padult = S2/S1 

Where Padult is the estimated adult-to-adult survival; S2 is the number of returning adults 
(including jacks); and S1 is the number of adults from the parent brood year producing the S2 
returning adults.  A Padult value that averages greater than 1.0 over several generations 
indicates that the population is increasing.    

Rationale:  The adult-to-adult survival rate measures the productivity of reintroduced coho, 
providing an overall indicator of project success.  During the NPIP, Padult may indicate which 
tributaries are the most productive.   

We assume that the productivity of Wenatchee and Methow river coho salmon will increase 
as domestication selection is reduced, local adaptation is emphasized and habitat 
improvement projects are implemented.   

Hypothesis: 

o Ho: P Broodstock Development Phases  ≥ P Implementation Phase  ≥ P Support Phases  

Restoration Phases: Natural Production Phases 

M ethods:  Coho collected for broodstock and naturally spawning coho carcasses will be 
interrogated for the presence of CWTs.  Scales will be taken from coho that are not marked 
with a CWT to confirm origin.  These data will be used in calculations described under 
Metric.  
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7.1.10 Harvest Rates 
Objective:  Estimate out-of-basin harvest rates of program fish in order to determine if 
harvest rates are likely to limit project success. 

Rationale: Harvest may have been a significant factor in the disappearance or reduced 
number of coho in both the distant and recent past.  Currently, the majority of coho in the 
Columbia River are produced and released below Bonneville Dam.  The historical intent of 
this production was to supply coho for the 80-90% exploitation rate by ocean and lower 
Columbia River fisheries.  However, since the period 1988-1993, harvest rates of coho 
(commercial ocean troll and recreational) have decreased by approximately 25% (PFMC 
1999).  Harvest reductions were the result of mixed stock fishery issues related to the 
Endangered Species Act.  Coho released under this project are subject to the following 
fisheries: ocean commercial troll fisheries, ocean recreation fisheries, Buoy 10 recreational 
fisheries, lower Columbia River commercial fisheries, lower Columbia River recreational 
fisheries, Zone 6 (Bonneville to McNary dams) Treaty Indian commercial fisheries, and 
above-Bonneville Dam recreational fisheries.  All recreational fisheries and the ocean 
commercial troll fisheries are selective for adipose-fin-clipped fish.  Harvest mortality for 
project fish in these fisheries will primarily be limited to incidental mortality, so we have no 
ability to recover CWTs from these fisheries.  The Columbia River commercial coho 
fisheries (Buoy 10 to Bonneville Dam) do intercept both adipose-clipped and non-clipped 
fish.  All coho captured in this fishery are examined for the presence of a CWT, with an 
approximate sampling rate of 20%.  Presently, harvest monitoring of Treaty Indian fisheries 
does not include recovery of CWT.  Although the total harvest rate on adipose-clipped fish 
could be as high as 50-60%, the total harvest rate on non-adipose-fin-clipped fish is 
substantially lower (20-25%) due to the selective fisheries that are likely to remain in place 
for many years as a result of ESA constraints.   

R estor ation Phases:  All phases. 
Methods: We will coordinate with agencies responsible for harvest management (WDFW, 
ODFW, USFWS, CRITFC, etc.) to estimate the harvest rates of target stocks by querying 
existing databases that may contain harvest or stray information for program fish.   

7.2  Species Interactions 
During the feasibility phase, the YN completed several studies to evaluate predation and 
competition by hatchery coho with listed and sensitive species (Dunnigan 1999; Murdoch and 
Dunnigan 2002; Murdoch and LaRue 2002; Murdoch et al. 2004; Murdoch et al. 2005).  Results 
of these studies indicate low predation rates and species-specific habitat segregation (see 
Chapter 3).  Stream dwelling salmonids that have evolved in sympatry have developed 
mechanisms to promote coexistence and to partition the available habitat.  Studies with coho 
salmon and steelhead trout (Hartman 1965; Johnson 1967; Fraser 1969; Allee 1974), Chinook 
salmon and steelhead trout (Everest and Chapman 1972), Chinook salmon and coho salmon 
(Lister and Genoe 1970; Stein et al. 1972; Murphy et al. 1989), coho salmon and cutthroat trout 
(Bjornn 1971; Bustard and Narver 1975; Sabo and Pauley 1997) and coho salmon and dolly 
varden (Dolloff and Reeves 1990) all support this statement. 
Mechanisms to measure negative interactions between hatchery fish and other species have been 
studied by others (Larkin 1956; Fraser 1969; Stein et al. 1972; Glova 1986; Marnell 1986; 
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Cannamela 1993; Riley et al. 2004), but impacts to non-target species in terms of abundance, 
distribution and size have not been conclusively measured (Fresh 1997, Pearsons et al. 2004) on 
a basin-wide scale.  Interactions between reintroduced coho and listed and sensitive species will 
be evaluated through an integrated NTTOC monitoring program.  A basin-wide NTTOC 
monitoring program has been implemented in the Yakima River (Busak et al. 1997, Hubble et al. 
2004; Pearsons et al. 2004).   

NTTOC status monitoring (Section 7.2.1) answers the question “Are there adverse changes in 
the status of NTTOC in tributaries where coho have been introduced?”  NTTOC status 
monitoring does not answer questions of whether coho caused the changes in NTTOC status or 
the mechanism of change (e.g., predation, competition, etc.).  The studies outlined in Section 
7.2.2 address those causal questions. 
Species interaction monitoring will continue for a minimum of six years (two coho generations) 
during the Support Phases, but may continue longer pending results.   

7.2.1  Status of Non-Target Taxa of Concern (NTTOC) 
During the feasibility phase of the Mid-Columbia Coho Reintroduction Program, the HGMP 
(YN et al. 2002) and the mid-Columbia Coho Technical Workgroup (TWG) identified a number 
of critical uncertainties associated with coho reintroduction and species interactions.  Studies 
implemented during the feasibility phase (see Chapter 3) answer many of those uncertainties, 
including the rates of predation by hatchery coho on spring Chinook fry and on sockeye fry.  One 
main question remains unanswered, that of the predation rate of naturally produced coho on 
spring Chinook fry.  As stated in Chapter 3, numbers of naturally producing coho were not 
sufficient to undertake a meaningful study (Murdoch et al. 2005).  The study described in 
Section 7.2.2.2 proposes to address this remaining question.  
With most of the critical uncertainties answered, the proposed NTTOC monitoring plan is 
designed to integrate the coho reintroduction effort with other ongoing programs to monitor the 
status of listed and sensitive species.  The non-target taxa monitoring program will focus on the 
status and freshwater residence of spring Chinook and steelhead, but data on all other species 
encountered, such as bull trout, cutthroat trout, lamprey and sockeye, will also be collected.   
We define status as the interaction of abundance, distribution, and size.  A change in status is the 
deviation from baseline conditions.  A change in status does not indicate causation, but if 
coho reintroduction has a negative impact on listed and sensitive species, decline in status 
would occur.  If a decline in status is detected, further investigations into the mechanism of 
interaction and source of decline are warranted (see Section 7.2.2).   
To provide baseline data for evaluating effects of coho reintroduction, monitoring will begin 
during the broodstock development phases when the hatchery coho are released on a 
geographically limited scale and numbers of naturally spawning coho in tributaries containing 
spring Chinook and steelhead will be minimal.  Baseline monitoring will be done in most 
tributaries proposed for future coho releases during the natural production phases.  Monitoring of 
changes in tributaries with no previous coho release will occur during the Implementation Phase.  
The study design will include both a temporal and spatial control.  Baseline data collected prior 
to coho reintroduction will function as a temporal control from which to compare any change in 
NTTOC status.  
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The NTTOC monitoring plan builds on, and will be coordinated with, ongoing monitoring 
efforts in the Wenatchee, Entiat and Methow basins, thus avoiding duplication of efforts and 
minimizing cumulative handling effects and costs.  Existing programs currently collecting data 
that may be used to help determine a change in status for NTTOC include the Chelan and 
Douglas County PUD HCP hatchery compensation monitoring and evaluation programs, the 
developing Grant County PUD hatchery monitoring and evaluation program, and the Integrated 
Status and Effectiveness monitoring program (ISEMP) (BPA project # 200301700). 

This NTTOC monitoring program is designed to provide data to measure the effects of both 
Type I and Type II interactions.  Type I interactions are those that occur between hatchery fish 
and wild fish, while Type II interaction may occur between NTTOC and the naturally produced 
offspring of hatchery fish (Pearsons and Hopley 1999).  

7.2.1.1  NTTOC Risk Assessment 
As one part of the Monitoring and Evaluation Plan for HCP Hatchery Compensation programs 
(Murdoch and Peven 2005; DCPUD 2005) and the Monitoring and Evaluation Plan for Grant 
PUD Salmon and Steelhead Supplementation programs (GCPUD 2009), coho salmon will be 
included in a NTTOC risk assessment.  An expert panel will conduct the assessment to evaluate 
risks associated with potential effects of supplemented Plan Species (including coho salmon) on 
non-target taxa using an approach similar to that used in the Yakima Basin (Ham and Pearsons 
2001).  The process is intended to focus on assessing the risks to NTTOC and on identifying 
interactions, the actions that could be taken to minimize risks, and the level of uncertainty.  Both 
positive and negative species interactions are included in the assessment; a list of interactions 
and species considered is shown in Table 7-1.  The list of species was decided upon by 
consensus of the Chelan and Douglas County PUD HCP Hatchery Committees.   
Table 7-1.  List of species and interactions to be considered in the NTTOC risk assessment 
NTTOC  Negative Interactions 

Considered 
Positive Interactions 
Considered 

Spring Chinook  
Steelhead 
Sockeye 

Competition 
Behavioral anomalies 
Pathogenic 
Predation 

Prey 
Nutrient Enhancement 

 

7.2.1.2  Reference Stream Comparisons  
For a spatial control, we propose to use the Entiat River as a reference population of Chinook 
and steelhead from which any observed changes in abundance (as measured through egg-to-
emigrant survival rates), distribution, or size can be gauged.  

The Entiat River has been proposed by the resource managers (NOAA, WDFW, YN, USFWS, 
Colville Tribe), Chelan PUD and Douglas PUD as a potential reference stream for both spring 
Chinook and steelhead, to measure the success of the PUDs’ HCP hatchery programs (Murdoch 
and Peven 2005).  As such, analysis to determine the ultimate suitability of the Entiat River as a 
reference stream for spring Chinook and steelhead, along with the data required to compare 
changes in size, abundance and distribution would be collected by the HCP monitoring activities 
funded by CCPUD and DCPUD hatchery compensation programs (Murdoch and Peven 2005).  
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Reference stream suitability criteria have been adapted from the Chelan and Douglas HCP 
hatchery compensation program M&E plan (Murdoch and Peven 2005) and include the 
following:  

• No recent (within the last 5-10 years) hatchery releases directed at target species 
• Similar information of hatchery contribution on the spawning grounds 
• Similar fluvial-geomorphologic characteristics 
• Similar out-of-subbasin effects 
• Similar historic records of productivity 
• Appropriate scale for comparison 
• Similar in-basin biological components, based upon analysis of empirical information. 

The USFWS generates population estimates of juvenile salmonids through rotary trap operation, 
uses underwater observation techniques to estimate juvenile rearing distribution, and conducts 
spawning ground surveys for spring Chinook, summer Chinook, and steelhead in the basin.  The 
use of the Entiat River as a potential reference stream for steelhead and spring Chinook 
precludes the release of these species in the Entiat basin, making the Entiat River similarly a 
reference stream to gauge potential NTTOC interactions as a result of coho reintroduction in the 
Wenatchee and Methow.   

The continued status of the Entiat River as a reference from which to gauge changes in the status 
of NTTOC in the Wenatchee and Entiat rivers is currently unknown.  Spring Chinook spawning 
habitat is upstream of the ENFH, and the USFWS rotary smolt trap used to calculate population 
abundance is located near the facility.  A portion of the steelhead production and likely all bull 
trout production also are upstream of the ENFH.  

Use of the Entiat River as a reference stream may also be complicated due to the intensive 
habitat restoration that is currently ongoing and planned.  The ISEMP is testing the effectiveness 
of habitat restoration actions in the Entiat River.  The ISEMP is supporting an accelerated 
schedule for the implementation of 75-80 in-stream habitat actions defined in Entiat Watershed 
Plan (CCCD 2004) within a short time frame (goal of 5 years).  In relation to the size of the 
Entiat basin, this is a substantially faster rate of habitat improvement than will take place in the 
Wenatchee or Methow basins, potentially resulting in a population increase that could preclude 
the use of the Entiat River as a reference stream. 

If it is later determined that the Entiat River is not suitable as a spatial reference, we may need to 
rely solely on the temporal control to gauge changes in NTTOC status.  

7.2.1.3  Status of NTTOC 
We define a change in status of NTTOC as a change in size, abundance, or distribution.  The 
following sections describe how we plan to monitoring any change in status of NTTOC as we 
proceed with coho restoration in the Wenatchee and Methow basins.   

The Integrated Status and Effectiveness Monitoring Program (ISEMP), BPA project #2003-017-
00, is a statistically robust intensive monitoring framework that builds on current status and trend 
monitoring infrastructures in the upper Columbia.  The intent of the ISEMP project is to 
efficiently collect data to address multiple management objectives over a broad range of scales, 
including evaluating the status and trends for anadromous salmonids in their habitat.   Since 
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2004, ISEMP in the Wenatchee and Entiat basins has focused on the design and implementation 
of a sampling regime and status and trend monitoring program with 67 monitoring indicators 
(Hillman 2004).  This monitoring project targets salmon and steelhead populations and habitat 
and is implemented in collaboration with the Upper Columbia Regional Technical Team.   

Data collected in this intense Status, Trend, and Effectiveness monitoring program will give 
statistically robust status updates for spring Chinook and steelhead on 5-year intervals. By 
coordinating with the ISEMP program, we minimize a duplication of sampling effort.  

Size Structure  
Objective: To monitor size (growth and K-factor) of NTTOC and juvenile coho in all 
tributaries proposed for coho reintroduction.   

Rationale: The size, condition, and growth of NTTOC and juvenile coho, combined with 
abundance and distribution data, will be used to evaluate the effect, if any, of coho 
reintroduction.  Baseline monitoring during the broodstock development phases will 
establish trends in size, abundance and distribution of NTTOC prior to the natural 
production phases.  During the natural production phases, the rotational release schedule 
of the NPIP will provide a means to compare size, abundance, and distribution of 
NTOCC in coho release tributaries with those same factors in tributaries without coho 
releases.  Baseline monitoring in all tributaries with proposed coho releases will provide a 
temporal control in which to evaluate any changes in NTTOC size.  

Hypotheses: 
o Ho: NTTOC Size before reintroduction < NTTOC Size after reintroduction 

o Ho: NTTOC Size treatment stream < NTTOC Size reference stream 

Restoration Phases: Baseline monitoring during broodstock development phases; change 
monitoring during the natural production phases.  

Methods: The importance of monitoring size and growth of NTTOC in both the 
treatment and reference streams prior to reintroduction of coho is emphasized.  Because 
seeding levels and intra-specific competition can influence the size structure of each 
population, a careful analysis of the relationship between seeding levels, survival, and 
growth should be established in each tributary (treatment and reference) in order to gauge 
the change.  

We will collect size and condition factor information from the various smolt traps 
operating within the Wenatchee, Entiat and Methow basins (Nason Creek, Chiwawa 
River, White River, Upper Wenatchee River, Entiat River, Twisp River and Methow 
River).  Currently the Nason Creek smolt trap is operated by the YN as a cost-sharing 
effort between two BPA projects (Project # 1996-040-00 and #2003-017-00) and Grant 
County PUD.  The White River smolt trap is operated by the YN and funded by Grant 
County PUD.  The Chiwawa River trap is operated by WDFW.  In the Methow basin, the 
Twisp and Methow rivers traps are both operated by WDFW.  The USFWS operates two 
rotary smolt traps in the Entiat River (reference populations).  Additional baseline and 
post-reintroduction data will be provided through the ISEMP status and trend monitoring 
program.   
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Abundance and Survival  
Objective: To measure the abundance and corresponding survival rates for NTTOC in 
target tributaries.  

Rationale: See Size Structure above.  Abundance of NTTOC, in-terms of population 
size and survival rates (egg-to-emigrant survival), will be used to evaluate the effect, if 
any, of coho reintroduction.  Baseline monitoring during the broodstock development 
phases will establish trends in abundance and survival prior to the natural production 
phases.  Abundance and survival monitoring for spring Chinook and steelhead in Nason 
Creek, Chiwawa River, White River, Wenatchee River, Twisp River, Methow River, and 
Entiat River are currently on-going or proposed under other programs.  We propose to 
continue this monitoring as baseline and effect monitoring throughout the broodstock 
development and natural production phases.   

Baseline monitoring in all tributaries with proposed coho releases will provide a temporal 
control.  Inclusion of the Entiat River in the monitoring plan will allow for a spatial 
control or reference stream.  

Hypotheses: 
o Ho: NTTOC Egg-to-Emigrant Survival before reintroduction < Egg-to-Emigrant Survival 

after reintroduction 

o Ho: NTTOC Egg-to-Emigrant Survival treatment stream < NTTOC Egg-to-Emigrant 
Survival reference stream 

Methods: It is important to monitor NTTOC abundance in terms of egg-to-emigrant 
survival in both the treatment and reference streams before reintroduction of coho.  
Currently, such monitoring is ongoing in Nason Creek, Chiwawa River, White River, 
Peshastin Creek, Twisp River, Methow River, and Entiat River.  Because seeding levels 
and intra-specific competition directly influence the egg-to-emigrant survival rate (stock-
recruitment curve) of each population, a careful analysis of the relationship between 
seeding levels, survival, and growth should be established in each tributary (treatment 
and reference) in order to gauge the change. 

Current on-going smolt trapping programs in Nason Creek, Chiwawa River, White River, 
Wenatchee River, Twisp River, Chewuch River, Methow River and Entiat River will 
form the basis for the NTTOC abundance and survival estimates.  Similar traps on the 
Little Wenatchee may be proposed for coho natural production monitoring during the 
natural production phases and will also be used to collect abundance and survival data for 
the NTTOC monitoring program.   

In addition, ISEMP has implemented a PIT tagging program for natural origin juvenile 
spring Chinook and steelhead in the Wenatchee and Entiat basins.  All Chinook and 
steelhead longer than 60 mm captured at all smolt traps are currently being PIT tagged.  
Parr rearing in the tributaries captured either by seine nets, electro-fishing, or hook and 
line are also being PIT tagged.  This intensive tagging effort is expected to provide life-
stage-specific survival rates for spring Chinook and steelhead rearing in tributary streams 
over time.    
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Smolt trap operation for emigrant population analysis will proceed as described in 
Hillman (2004) and Prevatte and Murdoch (2004).  We will follow protocols for 
underwater observation as described in Thurow (1994) and for electro-fishing in Temple 
and Pearsons (2004).  The same index sites will be monitored annually.  Any correlation 
between egg-seeding level, indexed rearing density, egg-to-emigrant survival, and 
emigrant population estimates will be analyzed using multiple regression techniques (Zar 
1999). 

In order to avoid duplication of efforts, NTT abundance and survival monitoring will be 
closely coordinated with ongoing monitoring and evaluation programs in the Wenatchee 
and Methow basins, including but not limited to BPA project #2003-017-000 (ISEMP) 
and M&E activities funded by the mid-Columbia PUDs. 

Restoration Phases: Baseline monitoring will proceed as described above during the 
broodstock development phases in all tributaries proposed for future coho releases.  
Monitoring of changes will be done during the natural production phases.  Any change in 
NTTOC status during this monitoring will be closely evaluated in subsequent studies 
such as those described Section 7.2.2, to determine if the coho reintroduction efforts are 
causing the observed change or if other factors may be involved.   

Distribution of NTTOC  
Objective:  To evaluate the status of NTTOC in terms of their distribution throughout 
each basin.   

Rationale:  Data on the distribution of NTTOC and juvenile coho, in combination with 
abundance and size data, will enable researchers to evaluate changes in NTTOC status 
during the coho reintroduction process.   

Baseline monitoring in all tributaries with proposed coho releases will provide a temporal 
control.  Inclusion of the Entiat River in the monitoring plan will allow for a spatial 
control or reference stream.  

Hypotheses: 
o Ho: NTTOC Distribution before reintroduction < NTTOC Distribution after reintroduction 

o Ho: NTTOC Distribution treatment stream < NTTOC Distribution reference stream 

Restoration Phases: Same as for size and abundance monitoring. 

M ethods:  It is important to monitor NTTOC spawning and rearing distribution in both 
the treatment and reference streams before reintroduction of coho.  Currently NTTOC 
monitoring is ongoing in Nason Creek, Chiwawa River, White River, Peshastin Creek, 
Twisp River, Methow River, and Entiat River.  A careful analysis of the relationship 
between seeding levels, survival, and distribution should be established in each tributary 
(treatment and reference) in order to gauge the change. 

Distribution will be evaluated in terms of adult spawning distribution (adult spawning 
distribution data are collected by WDFW and CCPUD) and juvenile rearing distribution, 
through the annual snorkel and electro-fishing surveys conducted under ISEMP.   
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7.2.2  Mechanism of Interaction 
7.2.2.1  Competition 

Objective:  To continue to evaluate competition for space and food between naturally 
produced coho and NTTOC.   

Rationale:  If the status of NTTOC is determined to have declined, continued investigations 
into competition between reintroduced coho and NTTOC will help determine the cause of the 
decline and, if necessary, programmatic changes that can be made to minimize negative 
interactions between coho (hatchery and/or natural) and NTTOC.  

Hypotheses: Possible hypotheses to investigate include the following: 

o Ho: NTTOC microhabitat with coho = NTTOC microhabitat use without coho 

o Ho: NTTOC growth with coho = NTTOC growth without coho 

o Ho: Coho microhabitat use = NTTOC microhabitat use 

Methods: Competitive interactions between species are often investigated using two general 
techniques: controlled field studies or laboratory investigations (using aquaria or enclosures).  
Field studies can lack statistical power but are seldom criticized for lacking relevance to 
actual conditions.  Studies in aquaria or enclosures more easily achieve statistical power 
through replication, but the natural conditions which closely parallel the stream ecosystem 
are difficult to duplicate.  

To investigate competition, a combination of approaches may be used, including field studies 
similar to those conducted during the feasibility phase (Murdoch et al. 2004, Murdoch et al. 
2005) or direct measures of competition such as growth and condition of NTTOC in small-
scale enclosures with varying abundance of competitors under differing habitat and 
environmental conditions.  Together competition studies may help ascertain conditions under 
which competition may have a negative effect on NTTOC.     

7.2.2.2  Predation by Naturally Reared Coho on Spring Chinook Fry 
Objective: To quantify predation rates by naturally produced coho on spring Chinook fry.  

Rationale: The extent to which naturally produced coho may prey upon NTTOC in the 
Wenatchee and Methow rivers is largely unknown.  Preliminary investigations during the 
feasibility phase documented that some naturally produced coho smolts will consume fry-
sized fish.  Due to the low numbers and abundance of naturally produced coho in areas of 
ESA-listed spring Chinook production during the feasibility phase, it was not possible to 
accurately measure incidence of predation (Murdoch et al. 2005). 

Restoration Phases: Predation evaluations will occur during the NPIP.  The tributary(s) 
chosen for the predation evaluation(s) will be based on the natural production rates and 
resources for fish capture.   

Methods: A study to determine the incidence of predation and an estimate of the total 
number of spring Chinook fry consumed will follow methods described in Murdoch et al. 
(2005).  The study may be replicated in more than one tributary as deemed necessary to 
adequately assess the extent that predation may occur.  
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7.3  Genetic Adaptability  
Few opportunities in the Columbia Basin exist to investigate the local adaptation process 
required for a species reintroduction project to be completely successful.  This coho 
reintroduction plan presents such an opportunity to understand the natural selection intensities on 
naturalized coho.  Success of this coho reintroduction program relies on the use of hatchery fish 
to develop naturalized spawning populations.  Until recently the project has relied entirely upon 
the transfer of lower Columbia River hatchery coho to produce adult coho returns.  If a viable 
self-sustaining population of coho is to be re-established in the Wenatchee and Methow basins, 
parent stocks must possess sufficient genetic variability to allow the newly founded population to 
respond to differing selective pressures between environments of the lower Columbia River and 
the mid-Columbia region.  Some changes in the life history characteristics of the introduced 
broodstock are likely, due to multiple factors such as longer migration distance, differing 
environmental conditions of inland rivers, and historical artificial selection on donor stocks.  
Several of the life history characteristics that might be expected to differ could be endurance, run 
timing, sexual maturation timing, fecundity, egg size, length at age, juvenile migration timing, 
sex ratio, and allele frequencies of non-neutral loci.  Therefore, a long-term monitoring effort 
will be continued to track changes over several generations.   

Implementation of the proposed study plan would be a valuable contribution to the science of 
salmon recovery by quantitatively addressing the following questions:  

1) Is divergence at neutral and adaptive SNP (Single Nucleotide Polymorphism)23

2) Is phenotypic divergence (if observed) a useful proxy for local adaptation, or are observed 
differences simply the result of phenotypic plasticity?  

 loci a 
useful measure of reproductive isolation and adaptation? 

3) What is the biological significance to perceived local adaptation/naturalization?  

4) What is the mechanism leading to local adaptation, and how quickly can stocks react to 
alternative natural selection regimes?  

7.3.1  Morphometrics and Life History Traits 
M etr ic:  We will measure traits such as fecundity, body morphometry, run timing, maturation 
timing, length-at-age and spawn timing.   

Rationale:  Because conditions in mid-Columbia tributaries are likely to be different from 
coastal streams and the lower Columbia River where the broodstock used for reintroduction 
originated, life history characteristics of reintroduced coho are likely to change.  For one, the 
migration distance is much greater between the ocean and the mid-Columbia than, for 
example, between the ocean and Cascade Fish Hatchery.  Optimal maturation rates and 
spawn timing are likely to be different between these two areas.  In order to determine if the 
stock used has adequate genetic variance and phenotypic plasticity to adapt to local 
conditions, the life history characteristics of the coho broodstock should be monitored over 
the length of the program.   

                                                 
23  SNP – Single nucleotide polymorphism: an alteration of one base in the genome of an organism (e.g., AG or 
CT).  
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Monitoring life history traits and morphometrics of mid-Columbia coho will contribute to 
answering broader questions about the rate of genetic drift when a broodstock is established 
in a subbasin.  

M ethods:  Through sampling efforts in the Wenatchee and Methow basins, we will collect 
morphometric and life history data from the reintroduced population.  From adult coho 
captured for broodstock (HORs and NORs) we will collect data from phenotypic traits such 
as fecundity, body morphometry and maturation timing.  Similar data will be collected from 
HORs and NORs recovered on the spawning grounds.  Trend monitoring will be used to 
ascertain changes in life history or morphometry for each generation.  

7.3.2  Phenotypic Traits at Tumwater and Dryden Dams 
M etr ic:  We will measure traits such as lipid levels, run timing, state of maturation (measured 
by hormone levels), fish size, fish shape, and gender.   

Rationale:  In addition to tracking any changes in phenotypic traits over time for the 
population as a whole, during Broodstock Development Phase 2 (BDP2) we plan to assess 
whether there is any measurable difference in phenotypic traits between coho salmon that are 
able to ascend Tumwater Canyon and those that cannot.  Knowledge of any potential 
phenotypic difference between fish that can ascend the canyon and those that cannot, could 
be used to revise our broodstock collection efforts if we are unsuccessful in completing 
BDP2 as described in Section 5.2 of this Master Plan.  However, because targeting 
broodstock collection for certain traits would reduce genetic diversity and could also result in 
the inadvertent selection for deleterious traits, such measures would be a last resort.    

Hypotheses: Possible hypotheses to investigate include the following: 

o Ho: Lipid Levels successful coho = Lipid Levels unsuccessful coho 

o Ho: State of Maturation successful coho  = State of Maturation unsuccessful coho 

o Ho: Run Timing successful coho = Run Timing unsuccessful coho 

o Ho: Morphometrics successful coho = Morphometrics unsuccessful coho 

M ethods:  Coho smolts released upstream of Tumwater Dam will be marked with a blank 
wire in the adipose fin.  Upon return, adults headed upstream of Tumwater Dam will be 
identifiable at downstream trapping sites.  During broodstock collection efforts at Dryden 
Dam, all coho destined for the upper Wenatchee basin will be scanned for a PIT tag; if no 
PIT tag is found, a tag will be applied.  Phenotypic data described above will be collected.  
Fish that successfully ascend Tumwater Canyon to the dam will either be re-collected or 
detected on the antenna arrays (2) within the fishway.  Data from phenotypic data from fish 
that have arrived at Tumwater Dam will then be compared to the data collected from the fish 
that did not successfully ascend the canyon.     

7.3.3  Genetic Monitoring   
Objective: To determine whether the project is successfully creating a local broodstock 
distinct from lower Columbia River coho salmon stocks; to measure the rate of divergence at 
neutral markers, and to determine the biological significance of local adaptation.    

Metric: We will measure the rate and direction of divergence in neutral and adaptive allele 
frequencies of coho stocks that are used for reintroduction in mid-Columbia rivers. 
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Rationale: A sound understanding of the genetic structure of the species is a prerequisite for 
the assessment of the genetic impacts of human activities such as introductions, transfers, or 
stock enhancement on natural populations.  A measure to assess the impact of human 
activities on natural populations is the degree to which the population structure responds to 
applied management action.  This can be done by measuring the frequencies of alleles at 
specific loci through time in a population (Allendorf and Phelps 1981; Utter 1991; Allendorf 
1995).  Such a database permits the determination of temporal and geographic (degree of 
isolation) variance components. 

Within the body of peer-reviewed literature, scientific views remain mixed regarding the 
scale and biological significance of perceived local adaptations (Taylor 1991b; Purdom 
1994).  Utilizing both neutral and adaptive SNP loci provides the opportunity to evaluate the 
biological significance of genetic differentiation among stocks.  The coho reintroduction 
effort in the mid-Columbia provides an ideal framework for studying rates of genetic and 
phenotypic divergence.   

Restoration Phases: Broodstock development phases will focus on collecting genetic 
samples from hatchery returns to measure the rate of divergence.  Genetic analysis during 
natural production phases will include naturally spawning coho as described above.   

Methods: We propose to measure genetic divergence using 35 SNP markers.  To do so, we 
intend to sample tissue from a minimum of 60 adult coho from each of four study groups: 
1) adults destined for natural spawning; 2) adults collected for broodstock; 3) naturally 
produced smolts; and 4) hatchery origin smolts.  Over time the data will allow us to estimate 
three types of genetic drift: 

1) Changes in allele distribution between parent and progeny life history stages (e.g., drift 
occurring between the adult spawning population and their progeny) relative to the amount of 
genetic divergence expected to result from genetic sampling error attributed to reproductive 
events (Weir 1996).  In addition, by measuring changes in composite haplotype24

2) Genetic variation present in the hatchery broodstock compared to the naturally spawning 
population component.  This will allow us to determine whether broodstock collection 
methods are effectively achieving a representative sample of returning adults.  These data 
will be helpful in optimizing broodstock collection protocols. 

 frequencies 
we can quantify variation in reproductive success on a very broad scale.  These data will be 
used to scale the relevance of statistical tests of genetic differentiations (e.g., genetic 
sampling error will be included as a component of variance when assessing differentiation 
between hatchery and natural-origin adults and progeny). 

3) Over time, as broodstock development progresses, we will be able to determine the length 
of time necessary to genetically recognize mid-Columbia coho salmon as a distinct spawning 
population from the lower river source populations.   

                                                 
24 Haplotype: The composite genotype of multiple loci that can provide a “fingerprint” for various lineages, 
populations, or individuals.  
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7.3.4  Reproductive Success 
Objective: To measure changes in reproductive success over generations as an indicator of 
local adaptation.  
Metric: Individual recruits per spawner as assessed through parental assignment.    

Rationale: Initially we expect the reproductive success of reintroduced coho salmon do be 
low because a domesticated hatchery stock was used for the reintroduction.  This Master Plan 
describes a phased approach to first develop a local broodstock and then to focus on natural 
production and local adaptation to the natural environment (rather than hatchery 
environment).  As we proceed with the phased reintroduction effort, we would expect the 
reproductive success of the population to improve.  Because the program is designed to be an 
integrated hatchery program, we would not expect the reproductive success to be different 
between natural and hatchery produced fish; however, as our reliance on hatchery production 
diminishes in the NPS phases, we would expect an increase in reproductive success for the 
population.    

Hypotheses:  Possible hypotheses to investigate include the following: 

o Ho: Reproductive Success BDPII (baseline) = Reproductive Success NPS2 (locally adapted) 

Restoration Phases: During the broodstock development phases, we will focus on collecting 
baseline reproductive success data which would be compared to the reproductive success of 
reintroduced coho at the conclusion of the Natural Production Phases.     

Methods: The reproductive success of reintroduced populations is a CRITFC-sponsored 
evaluation (Accord Project #200900900).  We plan to coordinate with CRITFC researchers 
for the implementation of this study.  A small fin clip will be taken from all coho ascending 
Tumwater Dam (and possibly Wells Dam).  Genetic profiles acquired for each fish will be 
compared to the profiles for adults in its respective brood year to permit parentage 
assignment.   

Individual productivity (R/S) estimates will be calculated for each adult within brood years 
as well as average productivity and relative reproductive success among parental types.  We 
will then compare the reproductive success of hatchery and naturally produced coho during 
the broodstock development phases (baseline) to data collected near the completion of the 
natural production phases.   
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