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SECTION 1.   GENERAL  PROGRAM  DESCRIPTION 

 

1.1) Name of hatchery or program. 

Winthrop National Fish Hatchery (WNFH) 

  

1.2)  Species and population (or stock) under propagation, and ESA status.  

Summer Steelhead, Wells Dam/Hatchery stock and Methow River stock. Upper 

Columbia River Steelhead DPS, Methow River MPG, Threatened 

 

1.3)  Responsible organization and individuals  
 Name (and title):   Julie Collins, Complex Manager, Leavenworth NFH Complex 

Agency or Tribe:  U.S. Fish and Wildlife Service 

 Address:    12790 Fish Hatchery Road, Leavenworth, WA 

 Telephone:    (509) 548-7641 

 Fax:     (509) 548-3401 

 Email:    julie_collins@fws.gov 

 

Name (and title):   Chris Pasley, Hatchery Manager 

Agency or Tribe:  U.S. Fish and Wildlife Service 

 Address:    453A Twin Lakes Rd., Winthrop, WA 98862 

 Telephone:    (509) 996-2424 

 Fax:     (509) 996-3207 

 Email:    chris_pasley@fws.gov 

 

   

Other agencies, Tribes, co-operators, or organizations involved, including 

contractors, and extent of involvement in the program: 
The US Bureau of Reclamation (BOR) acts as the primary funding entity.  Other involved parties 

include those associated with the Columbia River Fish Management Plan and the US v. Oregon 

court decision as well as other co-managers not party to US v Oregon such as the Confederated 

Tribes of the Colville Reservation (CCT).   

 

1.4)   Funding source, staffing level, and annual hatchery program operational costs. 
Winthrop NFH is funded by the BOR at about $550,000 annually, and is staffed by 6 FTE‟s.  

Fish marking, evaluation, and fish health programs are not included in the above operational 

costs.  Other USFWS offices, funded by the BOR, conduct these programs. 

 

1.5)   Location(s) of hatchery and associated facilities. 

Winthrop NFH is part of the Leavenworth Complex, which also includes Leavenworth and 

Entiat NFH‟s.  Winthrop NFH is located about ½ mile west of Winthrop, WA on the Methow 

River, 50.4 river miles (rm) above its confluence with the Columbia River.  Fish released from 

and those returning to WNFH must travel about 524 Columbia rms and negotiate passage 

through nine Columbia River hydroelectric dams. 

mailto:julie_collins@fws.gov
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1.6)   Type of program. 
Integrated Recovery 

 

1.7)   Purpose (Goal) of program. 
Mitigation and Restoration:  The purpose of this program is to help mitigate for Grand Coulee 

Dam.  In 1995, the summer steelhead program at Leavenworth NFH was moved to the Winthrop 

facility.  Since the ESA-listing of Upper Columbia River steelhead in 1997, the program has 

moved towards aiding in the recovery of this stock. The current goal of the program is to 

compensate for lost fish production due to the construction of Grand Coulee Dam by producing 

summer steelhead for the restoration and recovery of threatened upper Columbia River steelhead 

in the Methow River basin.   

 

1.8) Justification for the program. 

The construction of Grand Coulee Dam blocked access to approximately 1,140 miles of  

salmonid spawning and rearing habitat. This blocked access to upstream habitat equates to an 

estimated loss of thousands of returning adult salmonids annually. The Leavenworth NFH 

Complex was constructed to mitigate for these losses. The steelhead program at WNFH is 

designed to aid the recovery of listed upper Columbia River steelhead; and excess hatchery 

adults of this program provide one of the few opportunities to harvest steelhead in the upper-

Columbia River basin. 

 

Although the current program has provided important supplementation benefits to the depleted 

population of steelhead in the Methow River basin there are a number of changes that are 

necessary to bring the program in line with the current scientific recommendations for the 

operation of hatchery programs for recovery and supplementation goals (see NOAA 2008 and 

HSRG 2009b for reviews).  Namely, the WNFH program needs to 1) switch to a local Upper 

Methow River broodstock, and 2) manage the proportion of Hatchery Origin Spawners (pHOS) 

in natural spawning areas.   

 

The WNFH summer steelhead program was recently reviewed by the Columbia River Basin 

Hatchery Review Team (HRT; USFWS 2007). This program was also recently reviewed by the 

Hatchery Science Review Group (HSRG 2009a). The recommendations from the HSRG were 

very similar to those of the HRT. With co-manager input, program alternatives have been 

discussed and recommendations are being implemented. Overall the HSRG and HRT 

recommended the following changes:  

 

1. Transition to a local Methow River broodstock (in contrast to using adult steelhead 

collected at Wells Dam).  

 

2. The HRT recommended an increase in the program size to a smolt release goal of 

200,000 fish to allow a large enough effective population size (but only after sufficient 

infrastructure is available i.e. a weir). 

 

3. Improve adult collection facilities in the Methow basin to allow adoption of the first 

recommendation and to minimize potential genetic and ecological impacts to the wild 



4 

 

population posed by over-escapement of hatchery origin adults.   

 

A general summary of how the WNFH program will be changing in upcoming years is provided 

below, additional detail can be found in later sections of this document.   

 

General Program Guidelines and Objectives: 

The current program at WNFH will transition to a program that: 

1. Manages escapement in the subbasin spawning areas to a pHOS ≤ 0.3;  

2. Maintains a long term average (e.g. 12 year mean) Proportionate Natural Influence (PNI) 

≥ 0.67 in program broodstock- with a PNI > 0.5 in any given year;  

3. Relies on local Upper Methow River Natural Origin Returns (NOR) and HOR fish for 

brood; and  

4. NOR brood extraction will never exceed 35% of the NOR run.    

This new program scheme is almost wholly based on guidelines provided by the Hatchery 

Scientific Review Group (HSRG 2009b and 2009c) for operation of integrated hatchery 

programs considered essential to the recovery or viability of an evolutionarily significant unit 

(ESU) or distinct population segment) (DPS) of an ESA listed species.  Successful transition to 

this new program scheme will require significant changes to the current hatchery infrastructure 

(i.e. a weir or other means of improved adult management) as well as coordination between other 

Methow Basin steelhead and spring Chinook programs at WNFH and Public Utility District 

(PUD) funded programs at Methow and Wells Fish Hatcheries (operated by Washington 

Department of Fish and Wildlife (WDFW)).  

 

Installation of a facility in the Methow River intended to improve brood collection capabilities 

and effective management of HOR escapement is needed for this program.  There are currently 

trapping facilities at Foghorn Dam but this site is largely ineffective at trapping adult steelhead, 

as the boulder dam at this facility that is supposed to direct fish into the trap is passable to adult 

steelhead at almost all flow levels seen during the adult migration period.  Improvements to the 

infrastructure at Foghorn Dam are being explored (by USFWS and BOR) but the necessary 

changes are expected to be substantial.  Other sites for a weir are also being considered, however 

this would likely require the purchase or lease of new property.   

 

Program transition will fall into two time periods, pre and post weir, however a number of 

program characteristics will remain the same including:  

1. All hatchery juveniles will be marked (adipose clip) to allow removal of excess hatchery 

adults in selective fisheries.  

2. The development (age at smolting) of juvenile hatchery fish at release will be similar to 

the NOR population (pending the results of an upcoming study). See section 12 and 

attached draft research proposal (Appendix A) for details;  

3. Hatchery production will target the use of hatchery-wild (H x W) crosses. 

4. NOR brood collection will never exceed 35% of the NOR run; in years of low NOR 

returns (≤ 100 fish) production will be split between H x H and H x W crosses.  Progeny 

of H x H crosses will be uniquely marked and not used for broodstock. 

 

Pre Weir Management Scheme (present to 2016): 
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The three main programmatic changes during this time period will be: 1) Completion of a study 

evaluating the effectiveness of rearing two-year smolts as opposed to the standard hatchery 

practice of rearing one-year steelhead smolts (see section 12 and Appendix A); 2) Transition the 

WNFH program from broodstock collection at Wells Dam/Hatchery to collection of local 

broodstock of Upper Methow basin / Chewuch River origin; and 3) Removal of HOR volunteers 

into the WNFH hatchery ladder throughout the migration season to reduce pHOS as much as 

possible.  Redd surveys in conjunction with adult escapement data from Wells dam will be used 

to assess the effectiveness of this management option at reducing pHOS.  Alternatively, a 

program that focused on PIT tagging adults as they are encountered at Wells Dam and 

monitoring of detections using in-stream PIT arrays located throughout the Methow and 

Okanogan basins, could be used to evaluate HOR escapement into spawning areas throughout 

the Methow Basin.  A new evaluation effort such as this would be dependent on additional 

funding and support as well as coordination between USFWS, BOR, Douglas Public Utility 

District, and resource co-managers in the Upper Columbia River region (i.e. NOAA, YN, CCT, 

WDFW). 

 

Prior to installation of a weir the annual release goal will remain 100,000 smolts.  The general 

details and proposed timing of the aforementioned changes are detailed in the following bullets. 

 

 The USFWS anticipates that WNFH staff will begin removal of HOR volunteering to the 

WNFH hatchery ladder beginning in return year 2010.  However implementation of this 

option is dependent on further discussion between USFWS, NOAA and other involved 

parties (e.g. WDFW, YN, CCT).  The disposition of HOR removed in excess to 

broodstock and conservation needs is detailed in Sections 2.2.3 and 7.5.  

 

 Beginning in brood year (BY) 2010, half of the WNFH production (50,000 smolt release 

goal) will be directed to a 2 yr smolt program using Upper Methow basin / Chewuch 

River broodstock.  Adults (≈ 15 pair) will be collected using a combination of hook and 

line angling and hatchery volunteers.   In BY 2010 a total of 75,000 1 year old smolts will 

be reared using Wells dam collected broodstock to maintain a yearly release goal of 

100,000 smolts.  In BY year 2011 and onward the production will be split between 

annual releases of 1 yr (50,000 smolts; progeny from broodstock collected at Wells dam) 

and 2 yr (50,000 smolts; progeny from broodstock collected locally in the Methow River) 

smolts (see Table 4). 

 

 A study evaluating the utility of the new 2 year smolt rearing program will be 

implemented starting in BY 2011 (see Section 12 and Appendix A).  Because full 

funding will not likely be available, one and two year smolts from BY 2009 and 2010 

will be evaluated on a more limited “pilot scale” as the infrastructure and methods needed 

for the full study are developed. 
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 Assuming that the aformentioned research study yields positive results, the USFWS 

proposes switching the entire WNFH smolt production to local broodstock using a 2 year 

rearing cycle.  It is anticipated that this switch will occur in BY 2015 or 2016.  

Production will remain at a release goal of 100,000 smolts until a weir or other means of 

improved adult management is available.  It is anticipated that design, permitting, and 

construction of a weir will take up to 5 years or longer. The USFWS is currently working 

with BOR and co-managers (WDFW, NOAA, YN, CCT) to evaluate the feasibility of 

constructing a weir at various locations in the Upper Methow basin. 

Post Weir Management Scheme (2017 and beyond): 

The operation of a weir during adult migration will allow better control and management of 

HOR and NOR escapement into spawning areas in the Upper Methow basin as well as collection 

of NOR adults of Upper Methow River origin.  The production goal for the WNFH summer 

steelhead program will increase to a 200,000 smolt release annually, requiring approximately 55 

pair for broodstock collection needs.  Depending on the abundance of NOR and HOR fish and 

the effectiveness of pHOS management prior to the weir, removal of excess HOR adults will 

likely be transitioned from a pHOS target of 0.4 - 0.5 for the first 5 years of weir operation, 

followed by a pHOS target of 0.3 to 0.4 for the next 5 years before reaching a final pHOS target 

of 0.25 to 0.3.  This transition period from a maximum pHOS target of 0.5 to a pHOS target of ≤ 

0.3 is suggested to avoid dramatic reductions in abundance (i.e. increased extinction risk due to 

decreased abundance) that may follow from a more aggressive control of pHOS.  The following 

adult management tables detail this transition period. 
 



7 

 

Table  1.  Adult management with a pHOS target of 0.4 to 0.5, to be implemented during the 

first 5 years of weir operation (≈ 2016-2020).   

NOR Adults*
 HORB

1 NORB
1 pNOB NORw

2 HORw
2 Escapement pHOS PNI 

50† 17 17 0.5 33 33 66 0.50 0.50 

100† 35 35 0.5 65 65 130 0.50 0.50 

200 50 50 0.5 150 150 300 0.50 0.50 

300 55 55 0.5 245 245 490 0.50 0.50 

400 55 55 0.5 345 345 690 0.50 0.50 

500 55 55 0.5 445 445 890 0.50 0.50 

600 55 55 0.5 545 446 991 0.45 0.53 

700 55 55 0.5 645 430 1075 0.40 0.56 

800 55 55 0.5 745 401 1146 0.35 0.59 

900 55 55 0.5 845 362 1207 0.30 0.63 

1000 55 55 0.5 945 405 1350 0.30 0.63 
* NOR returns to the Upper Methow Basin   

† At low NOR return years the WNFH production would be split into two components, HxW crosses (as shown 

here) and HxH crosses (using excess HOR fish) to meet production goals.  The HxH progeny would be uniquely 

marked and removed from the system as returning adults. 

 
1
-Hatchery and natural origin fish retained for broodstock. 

2
-Hatchery and natural origin fish returned to the wild. 

 

Table  2.  Adult management with a pHOS target of 0.3 to 0.4, to be implemented during the 

years 6 – 10 of weir operation (≈ 2021-2025). 

NOR Adults*
 HORB

1 NORB
1 pNOB NORw

2 HORw
2 Escapement pHOS PNI 

50† 17 17 0.5 33 33 66 0.50 0.50 

100† 35 35 0.5 65 65 130 0.50 0.50 

200 50 50 0.5 150 100 250 0.40 0.56 

300 55 55 0.5 245 163 408 0.40 0.56 

400 55 55 0.5 345 230 575 0.40 0.56 

500 55 55 0.5 445 297 742 0.40 0.56 

600 55 55 0.5 545 363 908 0.40 0.56 

700 55 55 0.5 645 430 1075 0.40 0.56 

800 55 55 0.5 745 401 1146 0.35 0.59 

900 55 55 0.5 845 362 1207 0.30 0.63 

1000 55 55 0.5 945 405 1350 0.30 0.63 
* NOR returns to the Upper Methow Basin   

† At low NOR return years the WNFH production would be split into two components, HxW crosses (as shown 

here) and HxH crosses (using excess HOR fish) to meet production goals.  The HxH progeny would be uniquely 

marked and removed from the system as returning adults. 

 
1
-Hatchery and natural origin fish retained for broodstock. 

2
-Hatchery and natural origin fish returned to the wild. 
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Table  3.  Adult management with a pHOS target of 0.25 to 0.3, this is the final management 

target for WNFH summer steelhead (≈ 2026 and beyond). 
 

NOR Adults*
 HORB

1 NORB
1 pNOB NORw

2 HORw
2 Escapement pHOS PNI 

50† 17 17 0.5 33 33 66 0.50 0.50 

100† 35 35 0.5 65 65 130 0.50 0.50 

200 50 50 0.5 150 65 215 0.30 0.62 

300 55 55 0.5 245 82 327 0.25 0.67 

400 55 55 0.5 345 115 460 0.25 0.67 

500 55 55 0.5 445 148 593 0.25 0.67 

600 55 55 0.5 545 182 727 0.25 0.67 

700 55 55 0.5 645 215 860 0.25 0.67 

800 55 55 0.5 745 248 993 0.25 0.67 

900 55 55 0.5 845 282 1127 0.25 0.67 

1000 55 55 0.5 945 315 1260 0.25 0.67 
* NOR returns to the Upper Methow Basin   

† At low NOR return years the WNFH production would be split into two components, HxW crosses (as shown 

here) and HxH crosses (using excess HOR fish) to meet production goals.  The HxH progeny would be uniquely 

marked and removed from the system as returning adults. 

 
1
-Hatchery and natural origin fish retained for broodstock. 

2
-Hatchery and natural origin fish returned to the wild. 

 

1.9, 1.10) List of program “Performance Standards and Indicators”.    
Performance Indicators are designated as “Risk assessment” (R) or “Benefits” (B) 

 

Legal Mandates: 
Performance Standard (1):  Program contributes to mitigation requirements as stated in the 

Columbia River Fish Management Plan and the U.S. v. Oregon decision. 

 

Indicator (a):  (B) Number of fish released by program, returning, or caught, as 

applicable to given mitigation requirements. 

 

Performance Standard (2):  Program addresses ESA responsibilities. 

 

Indicator (a):  (R) ESA consultations under Section 7 and 10 have previously been 

completed.  A Biological Opinion (Permit # 1396) has been issued to the facility.  

Modifications to existing BA‟s are done in a timely manner. 

 

Harvest: 
Performance Standard (3):  Release groups are sufficiently marked in a manner consistent with 

information needs and protocols to enable determination of impacts to natural- and hatchery-

origin fish in fisheries. 

 

 Indicator (a):  (R)  Marking rate by mark type for each release group. 
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 Indicator (b):  (R)  Sampling rate by mark type for each fishery. 

 

Indicator (c):  (R)  Number of marks of this program observed in fishery samples, and 

estimated total contribution of this population to fisheries, by fishery. 

 

Conservation of Wild/Naturally Spawning Populations: 

 

Performance Standard (4):  Releases are sufficiently marked to allow statistically significant 

evaluation of program contribution to natural production, and to evaluate effects of the program 

on the local natural population, where feasible. 

 

Indicator (a):  (R) Marking rates and type of mark. 

 

Indicator (b):  (R) Number of marks and estimated total proportion of this population in 

juvenile dispersal and in adults on natural spawning grounds. 

 

Life History Characteristics: 

Performance Standard (5):  Fish collected for broodstock are taken throughout the return or 

spawning period in proportions approximating the timing and age distribution of the population 

from which broodstock is taken. 

 

Indicator (a):  (R) Temporal distribution of broodstock collection, and of naturally 

produced population at point of collection. 

 

Indicator (b):  (R) Age composition of broodstock collected, and of naturally produced 

population at point of collection. 

 

Performance Standard (6):  Broodstock collection does not significantly reduce potential 

production in natural rearing areas. 

 

Indicator (a):  (R) Number of spawners of natural origin removed for broodstock. 

 

Indicator (b):  (R) Number and origin of spawners migrating to natural spawning areas. 

 

Indicator (c):  (R) Number of eggs or juveniles placed in natural rearing areas. 

 

Performance Standard (7):  Life history characteristics of the natural population do not change 

as a result of this artificial production program. 

 

Indicator (a):  (R) Specific life history characteristics to be measured in the artificially 

produced population. 

 

Performance Standard (8):  Annual release numbers do not exceed estimated basin-wide and 

local habitat capacity, including spawning, freshwater rearing, migration corridor, and estuarine 

and near-shore rearing. 
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Indicator (a):  (R) Carrying capacity criteria for basin-wide and local habitat, including 

method of calculation. 

 

Indicator (b):  (R) Annual release numbers from all programs in basin and subbasin, 

including size and life-stage at release, and length of acclimation, by program. 

 

Indicator (c):  (R) Location of releases and natural rearing areas. 

 

Indicator (d):  (R) Timing of hatchery releases, compared to natural populations. 

 

Genetic Characteristics: 
Performance Standard (9):  Collection of broodstock does not adversely impact the genetic 

diversity of the naturally spawning population. 

 

Indicator (a):  (R)  Total number of natural spawners reaching the collection facility. 

 

Indicator (b):  (R)  Total number of spawners estimated to pass the collection facility to 

spawning areas, compared to minimum effective population size required for those 

natural populations. 

 

Indicator (c):  (R)  Timing of collection compared to overall run timing. 

 

Performance Standard (10):  Juveniles are released on-station, or after sufficient acclimation to 

maximize homing ability to intended return locations. 

 

Indicator (a):  (R)  Location of juvenile releases. 

 

Indicator (b):  (R)  Length of acclimation period. 

 

Indicator (c):  (R)  Release type, whether forced, volitional, or direct stream release. 

 

Performance Standard (11):  Juveniles are released as fully smolted fish. 

 

Indicator (a):  (R)  Level of smoltification at release, compared to a regional 

smoltification index (when developed).  Release type, whether forced, volitional, or 

direct stream release. 

 

 

Research Activities: 
Performance Standard (12):  The artificial production program uses standard scientific 

procedures to evaluate various aspects of artificial propagation. 

 

Indicator (a):  (R)  Scientifically based experimental design, with measurable objectives 

and hypotheses. 
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Operation of Artificial Production Facilities: 
Performance Standard (13):  Artificial production facilities are operated in compliance with all 

applicable fish health guidelines and facility operation standards and protocols such as those 

described by IHOT, PNFHPC, the co-managers of Washington Fish Health Policy, INAD, and 

MDFWP. 

 

Indicator (a):  (R)  Annual reports indicating level of compliance with applicable 

standards and criteria. 

 

Performance Standard (14):  Effluent from artificial production facility will not detrimentally 

affect natural populations. 

 

Indicator (a):  (R)  Discharged water quality compared to applicable water quality 

standards and guidelines, such as those described or required by NPDES, IHOT, 

PNFHPC, and Co-managers of Washington Fish Health Policy tribal water quality plans, 

including those relating to temperature, nutrient loading, chemicals, etc. 

 

Performance Standard (15):  Water withdrawals and instream water diversion structures for 

artificial production facility operation will not prevent access to natural spawning areas, affect 

spawning behavior of natural populations, or impact juvenile rearing environment. 

 

Indicator (a):  (R)  Water withdrawals compared to applicable passage criteria. 

 

Indicator (b):  (R)  Water withdrawals compared to NMFS, USFWS, and WDFW 

juvenile screening criteria. 

 

Indicator (c):  (R)  Number of adult fish aggregating and/or spawning immediately below 

water intake point. 

 

Indicator (d):  (R)  Number of adult fish passing water intake point. 

 

Indicator (e):  (R)  Proportion of diversion of total stream flow between intake and 

outfall. 

Performance Standard (16):  Releases do not introduce pathogens not already existing in the 

local populations, and do not significantly increase the levels of existing pathogens. 

 

Indicator (a):  (R)  Certification of juvenile fish health immediately prior to release, 

including pathogens present and their virulence. 

 

Indicator (b):  (R)  Juvenile densities during artificial rearing. 

 

Performance Standard (17):  Predation by artificially produced fish on naturally produced fish 

does not significantly reduce numbers of natural fish. 
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Indicator (a):  (R)  Size at, and time of, release of juvenile fish, compared to size and 

timing of natural fish present. 

 

1.11)  Expected size of program.   
 

1.11.1) Proposed annual broodstock collection level (maximum number of adult 

fish). 

Broodstock collection is currently split between collection at Wells Dam/Hatchery (by WDFW) 

and local Methow River collection.  This program is currently transitioning to a local broodstock 

(Upper Methow River) but is hindered by the lack of adequate broodstock collection facilities.  

The proposed schedule (pending co-manager consensus and approval) for transition to a local 

broodstock is shown in Table 4 and includes time (BY 2011-2014) for an evaluation of the two-

year and one-year smolt rearing strategies (see section 12 and Appendix A). 

 

Table 4.  Proposed brood collection schedule and smolt release goals for the Winthrop NFH 

summer steelhead program.  Brood collection will use a combination of trapping facilities at 

Wells Dam, Wells and Winthrop hatchery volunteers, hook and line angling, and potentially 

Foghorn Dam.   

 

Brood Year 

 

Wells Dam/ 

Hatchery
1
 

(brood pair) 

Methow River
1
 

(brood pair) 

1-yr Smolt
2 

(x 1,000) 

2-yr Smolt
3
 

(x 1,000) 

2010 20  15  75 50 

2011 15  15 50 50 

2012 15  15 50 50 

2013 15  15 50 50 

2014 15  15 50 50 

2015† 0 55 0 200 

 
1
-All brood collections will target the collection of 50% HOR and 50% NOR adults.  The 

extraction of NOR adults will not exceed 35% of the NOR run size, in extremely low 

return years (< 100 NOR adults) a higher proportion of HOR adults may be used.  Well 

Dam/Hatchery brood will be collected by WDFW and transferred as eyed eggs. 

 
2
-All 1 year smolt releases will be progeny of Wells Dam / Hatchery broodstock. 

 
3
-All 2 year smolt releases will be progeny of local Methow River broodstock collection. 

 

†-The smolt release goal listed for 2015 presumes that new adult collection facilities (i.e. 

weir) in the Methow River are available, otherwise the release goal will remain at the 

previous 100,000 smolt release goal.  
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1.11.2) Proposed annual fish release levels (maximum number) by life stage and 

location.  (Use standardized life stage definitions by species presented in Attachment 2). 

Life Stage Release Location Annual Release Level 

Eyed Eggs   

Unfed Fry   

Fry   

Fingerling   

Yearling Methow River 200,000† 

 

† The current release goal is 100,000 smolts, planned changes include a transition to a release 

goal of 200,000 smolts.  This change is dependent on the development of a local (Methow River) 

broodstock, construction of a weir for adult management and subsequent co-manager 

coordination and approval.  See section 1.8, 1.11.1 and 10 for additional information 

 

1.12)  Current program performance, including estimated smolt-to-adult survival rates, 

adult production levels, and escapement levels.  Indicate the source of these data. 

Winthrop NFH fish were released without a CWT until brood year 2007.  Therefore, data to 

evaluate the smolt to adult survival of the WNFH program separate from the larger Wells 

Hatchery program is not available.  The performance and survival of the Wells program 

(including WNFH) is presented below. 

 

Table 5. “Number of broodstock spawned (including pre-spawn mortalities) and smolts released 

by brood year from Wells Complex hatchery facilities.  Wells summer steelhead include releases 

from WNFH.”
1
 

Brood 

year 

Number of 

broodstock 

Smolts 

Released 

Adult 

Returns 

SAR 

(%) 

# 

Smolts/adult 

HRR 

 

Wells summer steelhead 

1996 207 531,798 2,779 0.52 191 13.4 

1997 316 543,028 4,702 0.87 115 14.9 

1998 377 888,180 14,076 1.59 63 37.3 

1999 310 712,822 14,691 2.06 49 47.4 

2000 277 653,874 1,752 0.27 373 6.3 

2001 277 541,453 11,218 2.07 48 40.5 

2002 288 580,498 4,577 0.77 127 15.9 

2003 260 469,538 6,129 1.31 77 23.6 
1
Table taken from Snow et al. 2008, appendix B. page 26. 

 

1.13)   Date program started (years in operation), or is expected to start. 
The current steelhead program began in 1995.   

 

1.14)   Expected duration of program. 
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Ongoing. 

 

1.15)   Watersheds targeted by program. 

Methow River Basin (WRIA # 48).  Returning adults of WNFH origin are expected to return to 

the Methow River basin, although some adults are harvested in lower Columbia River and 

Pacific Ocean fisheries. 

 

1.16) Indicate alternative actions considered for attaining program goals, and reasons 

why those actions are not being proposed. 

Both the HRT (USFWS 2007) and HSRG (HSRG 2009a) considered a “No Hatchery” scenario 

in their review and analysis efforts.  In both cases this option was rejected because of the 

important contribution this program makes to the abundance of ESA listed Upper Columbia 

River summer steelhead in the Methow River basin. 

 

 

SECTION 2.  PROGRAM EFFECTS ON NMFS ESA-LISTED SALMONID 

POPULATIONS.  
 

2.1) List all ESA permits or authorizations in hand for the hatchery program. 
ESA consultation with NOAA Fisheries: Permit #1300 (spring Chinook production), exp. 

12/31/07. 

ESA consultation with NOAA Fisheries: Permit #1396 (steelhead production), exp.10/2/08. 

USFWS – Sub-permit MCRFRO-12 (research), exp. 12/31/2012. 

WDFW – Permit #09-151 (research), exp. 4/25/2010. 

 

2.2) Provide descriptions, status, and projected take actions and levels for NMFS ESA-

listed natural populations in the target area. 
 

 2.2.1) Description of NMFS ESA-listed salmonid population(s) affected by the 

program. 
The NMFS ESA-listed salmonid species most likely affected by the WNFH summer steelhead 

program are Upper Columbia River summer steelhead and spring Chinook salmon (O. 

tshawytscha).  An extensive volume of literature exists to describe these species and specific 

ESA-listed stocks of concern.  This literature has been extensively summarized by Mullan et al. 

(1992), Chapman et al 1995, Myers et al. (1998), Good et al (2005), Peven (2007), and Snow et 

al (2008).  Electronic versions of these summaries are available upon request. 

 

Summer Steelhead 

Chapman et al. (1994) summarized information for 459 naturally produced adult steelhead that 

were collected at Wells Dam, Wells Reservoir, and the Methow River between 1987 and 1993 

(Table 6).  They found that the majority of both males and females had spent two years in the 

ocean (Table 6, Figure 1).  Between 1997 and 2006, 478 naturally produced fish were sampled at 

Wells Dam.  The majority of these fish had spent one year in the ocean (Table 6, Figure 1).  We 

are uncertain why this discrepancy exists, although saltwater ageing was estimated from otoliths 
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between 1987-1993, and with scales between 1997-2006.
1
 

 

In previous summaries of hatchery origin age structure (Mullan et al. 1992a; Chapman et al. 

1994), most hatchery origin fish were designated as 1-salt.  While this still appears to be true for 

males, females appear to have shifted to more 2-salt, which is more similar to wild between 

1987-1993 (Table 7). 

Table 6.  The number and percentage of steelhead by saltwater age and sex from Chapman et al. 

(1994) for years 1987-1993, and Snow et al. (2008) for years 1997-2006. 

Brood 

year 

Male Female 

Total 

1-salt 2-salt 1-salt 2-salt 

# % # % # % # % 

    
1987 12 16.9 8 11.3 16 22.5 35 49.3 71 

1988 9 13.4 12 17.9 9 13.4 37 55.2 67 

1989 16 18.2 25 28.4 16 18.2 31 35.2 88 

1990 5 5.7 24 27.3 12 13.6 47 53.4 88 

1991 16 22.5 9 12.7 28 39.4 18 25.4 71 

1992 2 5.9 8 23.5 1 2.9 23 67.6 34 

1993 5 12.5 13 32.5 3 7.5 19 47.5 40 

Total 65 14.2 99 21.6 85 18.5 210 45.8 459 

  
1997 18 31.6 10 17.5 14 24.6 15 26.3 57 

1998 5 41.7   0.0 4 33.3 3 25.0 12 

1999 5 18.5 4 14.8 5 18.5 13 48.1 27 

2000 13 31.7 4 9.8 13 31.7 11 26.8 41 

2001 14 53.8 2 7.7 7 26.9 3 11.5 26 

2002 3 16.7 1 5.6 5 27.8 9 50.0 18 

2003   0.0 9 33.3   0.0 18 66.7 27 

2004 53 45.3   0.0 55 47.0 9 7.7 117 

2005 15 22.7 9 13.6 15 22.7 27 40.9 66 

2006 21 24.1 16 18.4 8 9.2 42 48.3 87 

Total 147 30.8 55 11.5 126 26.4 150 31.4 478 

 

                                                           
1
 It is unlikely that saltwater age estimation would be affected by the differing methods.  However, freshwater age 

estimation may be underestimated using scales for steelhead (Peven 1990, Mullan et al. 1992a). 
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Figure 1.  Comparison of saltwater age structure of naturally produced steelhead sampled 

between1997-2006 and naturally produced and hatchery origin fish between 1987-1993, based 

on Table 8 and 9. 

 

Table 7.  Numbers and percentages of steelhead by sex, saltwater age, and origin sampled at 

Wells Dam between 1997 and 2006 (based on Appendix C, Chapter 1 of Snow et al. 2008). 

Brood 

year 

Male Female 

Total 

1-salt 2-salt 1-salt 2-salt 

# % # % # % # % 

    
1997 145 46.5 20 6.4 94 30.1 53 17.0 312 

1998 122 28.2 64 14.8 78 18.0 169 39.0 433 

1999 123 33.2 41 11.1 66 17.8 141 38.0 371 

2000 113 34.7 28 8.6 87 26.7 98 30.1 326 

2001 12 5.7 27 12.8 66 31.3 106 50.2 211 

2002 106 28.3 68 18.2 50 13.4 150 40.1 374 

2003 30 11.2 89 33.1 17 6.3 133 49.4 269 

2004 183 59.0 3 1.0 118 38.1 6 1.9 310 

2005 93 29.5 53 16.8 31 9.8 138 43.8 315 

2006 98 32.6 58 19.3 22 7.3 123 40.9 301 

Total 1,025 31.8 451 14.0 629 19.5 1,117 34.7 3,222 
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Based on the most recent information available (Appendix C, Chapter 1 of Snow et al. 2008), the 

female to male ratio for hatchery origin and naturally produced fish is 1.2:1 and 1.3:1, 

respectively.  This is similar to what has been reported previously (Mullan et al. 1992a; 

Chapman et al. 1994). 

 

For fish sampled at Wells Dam between 2000 and 2006, 1-salt naturally produced fish average 

fecundity was higher than hatchery origin 1-salt fish, while for 2-salt fish, hatchery origin fish 

had slightly higher fecundity (Table 8). 

 

 

Table 8. Mean fecundity by salt-age and origin of 2006 brood summer steelhead sampled at 

Wells Complex hatchery facilities (Appendix D, Chapter 1 from Snow et al. 2008). 

 

Year 

1-salt 
  

2-salt 

H W H W 

2000 4,837 5,760 

  

6,049   

2001 4,356 3,865 6,624 6,714 

2002 4,786 4,721 6,744 6,586 

2003 4,241   6,545 6,954 

2004 4,543 4,517 5,865 4,832 

2005 4,547 5,370 6,575 6,627 

2006 4,652 4,203 6,858 6,397 

Average 4,566 4,739 6,466 6,352 

 

In the Upper Columbia River Basin, naturally produced steelhead smolts sampled at Rock Island 

Dam have averaged between 163-188 mm FL (Peven and Hays 1989; Peven et al.1994).  In the 

Methow Basin, smolt trapping has been on-going since the mid 1990s, and in general length 

frequency of juveniles does not vary greatly between years (C. Snow, pers. comm), and mean FL 

ranged from approximately 130-180 mm FL (this includes “transitional” juveniles that may or 

may not be smolting; Table 9). 
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Table 9.  Mean length and weight at migration age of wild transition and smolt summer 

steelhead captured at the Methow (A) and Twisp (B) smolt traps in 2007 (Tables 2 and 4, 

respectively, from Chapter 3 of Snow et al. 2008). 

 

 

 
 

 

 
 

Chapman et al. (1994) reported that adult female steelhead sampled at Wells from 1982-1992 

ranged from 57-81 cm and 67-75 cm for fish spending one and two years in the ocean, 

respectively.  Adult males ranged from 59-66 cm and 69-77 for one and two ocean fish. 

 

The length frequency of broodstock captured in 2006 for the steelhead supplementation program 

comports well with previous sampling at Wells Dam (Table 10).  In general, hatchery origin fish 

are similar in size as naturally produced fish. 

 

A 

B 
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Table 10.  Mean fork length (cm) by saltwater age, sex, and origin for broodstock sampled at 

Wells Hatchery Complex facilities, 1997-2006 (Chapter 1, Appendix C from Snow et al. 2008). 

Brood 

year 

Male Female 

1-salt 2-salt 1-salt 2-salt 

H W H W H W H W 

1997 64.2 63.8 76.6 74.5 62.3 61.6 71.9 74.3 

1998 64.8 65.6 79.3   62.1 64.0 75.3 74.3 

1999 63.3 64.0 80.0 80.8 62.3 61.8 74.3 73.8 

2000 63.4 62.9 77.8 76.0 61.4 62.5 73.8 76.8 

2001 61.2 60.9 76.1 82.5 60.2 59.4 72.9 73.3 

2002 64.3 63.7 78.3 76.0 62.9 63.8 73.6 74.7 

2003 61.9   78.6 81.6 60.4   74.7 75.8 

2004 60.9 64.2 73.0   60.1 62.2 67.5 73.4 

2005 60.4 62.1 74.0 75.6 59.4 62.5 71.8 73.4 

2006 60.3 65.2 75.6 77.4 59.7 61.4 70.9 72.7 

 
Average 62.5 63.6 76.9 78.1 61.1 62.1 72.7 74.3 

 

Adults return to the Columbia River in the late summer and early fall.  A portion of the returning 

run over-winters in the mainstem reservoirs, passing over the Upper Columbia River dams in 

April and May of the following year. For example in 2006, naturally produced fish began their 

migration earlier than hatchery origin fish (Table 11).  The run timing observed in 2006 followed 

a typical beginning (July) and ending (October) for a calendar year.  However, it is important to 

reiterate that a portion of the fish that spawned upstream of Wells Dam pass the dam in the 

following spring after over-wintering in the mainstem Columbia River. 

 

Table 11.  Migration of hatchery and wild steelhead to Wells Dam between 31 July and 26 

October, 2006 (Table 6, Chapter 4 from Snow et al. 2008). 

 
 

There is no Methow-specific information on run timing, but steelhead are known to enter the 

river in late summer (August), through the following May, based on observations from trout and 

steelhead fisheries and radio telemetry studies (English et al. 2001, 2003). 

 

In the Methow River, steelhead currently spawn in the Twisp River, mainstem Methow River, 

Early Winters Creek, Lost River, Chewuch River, Beaver Creek, Black Canyon Creek, Lost 

River, Buttermilk, Boulder, Eight-Mile, Suspension and Little Suspension creeks, and Lake 
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creeks (Snow et al. 2008).  Spawning occurs in the late spring of the calendar year following 

entry into the river, and usually ranges from mid-late March through May.  Spawn timing within 

the index areas shows that the peak spawn timing in 2007 in the Chewuch subbasin occurred 

during the week of 15 April. Peak spawning in the remaining three subbasins all occurred 

between 15 and 30 April. Differences in spawn timing between hatchery and wild fish has not 

been assessed because many hatchery fish do not possess an externally visible mark (i.e., ad-

clip
1
), the water conditions present during summer steelhead spawning ground surveys adults do 

not typically allow observation of adults while on the redd, and carcasses are quickly washed 

away making recovery unreliable.  These conditions combine to confound the surveyor‟s ability 

to determine the origin of spawning adults (Snow et al. 2008) and is an identified data need for 

the Methow Basin and the whole of the Upper Columbia Basin.   

 

The life-history pattern of steelhead in the Upper Columbia Basin is complex (Chapman et al. 

1994).    In the Upper Columbia region, Peven et al. (1994) observed smolt ages ranging from 1-

7 years, with the highest percentages at ages 2 and 3. Female smolts (63% of fish sampled) were 

older and larger for most age classes than males. 

 

Steelhead can residualize in tributaries and never migrate to sea, thereby becoming resident 

rainbow trout.  Conversely, progeny of resident rainbow trout can migrate to the sea and thereby 

become steelhead.  This dynamic expression of life-history makes O. mykiss very challenging to 

understand and manage.  It is difficult to summarize one life history strategy (anadromy) without 

due recognition of the other (non-migratory). The two strategies co-mingle on some continuum 

with certain stream residency at one end, and certain anadromy on the other. Upstream 

distribution is limited by low heat budgets (about 1,600 temperature units) (Mullan et al 1992). 

The response of steelhead/rainbow complex in these cold temperatures is residualism, 

presumably because growth is too slow within the time window for smoltification. However, 

these headwater rainbow trout contribute to anadromy via emigration and displacement to lower 

reaches, where warmer water improves growth rate and subsequent opportunity for 

smoltification.  Early maturing male steelhead (precocious) and resident rainbow trout may play 

a significant role in reproduction in the Upper Columbia Basin, spawning successfully not only 

as "sneakers" in the presence of older males, but as the sole male present in some areas and in 

some years when spawner numbers are very low.  They probably play a greater role in spawning 

in years like 1994 and 1995, when numbers of spawners were so low that adult females were 

widely dispersed. 

 

Smolt trapping has occurred in the Methow Basin since the mid 1990s as part of the hatchery 

evaluation program.  In general, O. mykiss juveniles
2
 migrate down the Methow River between 

early March and the end of May – early June.  The peak of the migration in 2007 appeared later 

in the Twisp River compared to the Methow River site (Figure 2 and 3), although trap 

efficiencies may influence the absolute numbers of fish caught on a given date. 

                                                           
1
 All hatchery origin fish are externally marked, but a portion have only elastomer tags, which would not be readily 

visible to surveyors.  It is also important to note that since steelhead are iteroparous, examination of carcasses, as in 

the case of spring Chinook salmon, is not possible. 
2
 Since it is not possible to determine whether juvenile O. mykiss are “trout” or “steelhead”, we refer to them by their 

scientific nomenclature. 
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Figure 2.  Daily capture of wild steelhead smolts and transitional parr from the Methow River 

trap in 2007 (Figure 5, Chapter 3 from Snow et al. 2008). 

 

 
Figure 3.  Daily capture of wild steelhead smolts and transitional parr from the Twisp River trap 

in 2007 (Figure 8, Chapter 3 from Snow et al. 2008). 

 

As previously stated, a substantial parr migration occurs within the Methow Basin, and appears 

in two main phases; throughout the summer and then again in the fall (Figure 4). 
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Figure 4.  Daily capture of wild steelhead fry and parr at the Twisp River trap in 2007 (Figure 9, 

Chapter 3 from Snow et al. 2008). 

 

Spring Chinook Salmon 

Most Columbia River adult spring Chinook salmon spend two years in the ocean before 

migrating back to their natal streams (Mullan 1987; Fryer et al. 1992; Chapman et al. 1995; 

Snow et al. 2008).  Adults sampled from Upper Columbia tributaries predominantly spend two 

years in the ocean, and are four years old.  The estimates of age of adult spring Chinook sampled 

in the Upper Columbia comport well with those for fish sampled at Bonneville Dam and other 

Columbia basin tributaries.  These data suggest that over 50% of spring Chinook salmon in the 

Columbia River basin spend one year in fresh water and two in salt water (Age 4).  About 20-

40% spend an extra year in saltwater before returning to the river.  Most stream-type Chinook 

throughout their geographic range average approximately four years of age, except those from 

the Yukon River, Alaska.   

 

In the Methow River basin, the average age class for naturally produced adults has been 

approximately 7% age 3, 56% age 4, and 37% age 5 (Table 12).  Age structure does not appear 

to vary much between major spawning areas, ranging between approximately 3-10% for age 3, 

53-57% for age 4, and 37-40% for age 5 (Table 12).   
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Table 12.  Age structure of Methow Basin spring Chinook salmon per major spawning area 

(based on Chapter 5 Appendices D-J, Snow et al. 2008). 

 

                

Subbasin/year 

Number 

 

Percent 

3 4 5 Total   3 4 5 

Methow 
        

2001 16 286 292 594 
 

2.7 48.1 49.2 

2002 1 21 64 86 
 

1.2 24.4 74.4 

2003 5 1 2 8 
 

62.5 12.5 25.0 

2004 3 196 0 199 
 

1.5 98.5 0.0 

2005 0 182 39 221 
 

0.0 82.4 17.6 

2006 0 101 27 128 
 

0.0 78.9 21.1 

2007 6 42 104 152 
 

3.9 27.6 68.4 

Average 4 118 75 198 
 

10.3 53.2 36.5 

Chewuch 
        

2001 8 641 83 732 
 

1.1 87.6 11.3 

2002 0 23 55 78 
 

0.0 29.5 70.5 

2003 4 2 19 25 
 

16.0 8.0 76.0 

2004 0 46 0 46 
 

0.0 100.0 0.0 

2005 2 206 11 219 
 

0.9 94.1 5.0 

2006 0 86 49 135 
 

0.0 63.7 36.3 

2007 1 14 59 74 
 

1.4 18.9 79.7 

Average 2 145 39 187 
 

2.8 57.4 39.8 

Twisp 
        

2001 18 439 49 506 
 

3.6 86.8 9.7 

2002 66 115 181 362 
 

18.2 31.8 50.0 

2003 6 4 15 25 
 

24.0 16.0 60.0 

2004 16 227 0 243 
 

6.6 93.4 0.0 

2005 0 73 14 87 
 

0.0 83.9 16.1 

2006 0 45 20 65 
 

0.0 69.2 30.8 

2007 2 0 38 40 
 

5.0 0.0 95.0 

Average 15 129 45 190 

 

8.2 54.4 37.4 

Total Basin 

       2001 42 1366 424 1832 
 

2.3 74.6 23.1 

2002 67 159 300 526 
 

12.7 30.2 57.0 

2003 15 7 36 58 
 

25.9 12.1 62.1 

2004 19 469 0 488 
 

3.9 96.1 0.0 

2005 2 461 64 527 
 

0.4 87.5 12.1 

2006 0 232 96 328 
 

0.0 70.7 29.3 

2007 9 56 201 266 
 

3.4 21.1 75.6 

Average 22 393 160 575 
 

6.9 56.0 37.0 

                  

 

Mullan (1987) presented data compiled from Howell et al. (1985) on the number of returning 

male and female hatchery spring Chinook salmon in the mid-Columbia River.  From those data, 
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we calculated the sex ratios for Leavenworth, Entiat, and Winthrop populations.  The range 

(female to male) for the three stocks was 1.27:1 to 1.86:1.  Sampling at Wells Dam in 2007 and 

2008, estimates of sex ratio ranged (males to females) from 1.5:1 to 1.9:1 for hatchery fish and 

1.1:1 – 1.5:1 for wild fish (C. Snow, pers. comm).  It is important to note that determining sex of 

fish from Wells Dam months prior to sexual maturity is not considered accurate for spring 

Chinook, which may explain the difference between these data and those described above from 

Chapman et al. (1994). 

 

Fecundity from wild and hatchery spring Chinook salmon has been measured in recent years as 

part of the hatchery supplementation evaluation program.  In the Methow River basin, fecundity 

(hand counted) averaged 5,100 (range: 2,600-8,100) between 1992 and 1994 (Chapman et al. 

1995).  Since 2000, four-year-old wild females averaged 4,000 eggs, while five-year-old wild 

fish averaged 4,800 eggs (Table 13).  For hatchery fish, four-year-old fish averaged 3,800 eggs, 

and five-year-old fish averaged 4,400 (Table 13).  In general, hatchery fish for a given age have a 

lower fecundity than wild fish.  As shown in Table 15, there are gaps between years, primarily 

for wild fish, especially five-year-olds. 
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Table 13.  Fecundity of Methow Basin spring Chinook (from Chapter 1, Appendix D of Snow et 

al. 2008). 

            

 

 Stock/year 

Age 4 

 

Age 5 

Wild Hatchery   Wild Hatchery 

Met Comp 

    2000 
 

3,759 
   

2001 3,753 3,949 
   

2002 
 

3,905 
  

3,318 

2003 
 

3,795 
  

4,839 

2004 3,565 3,510 
  

3,510 

2005 3,823 3,475 
  

3,261 

Average 3,714 3,732 
  

3,732 

Twisp 
     

2000 
 

3,820 
  

5,292 

2001 4,720 3,922 
 

4,941 4,469 

2002 
 

4,653 
   

2003 
 

3,195 
  

5,867 

2004 3,811 3,496 
   

2005 4,216 
  

4,745 4,745 

Average 4,249 3,817 
 

4,843 5,093 

Average for Basin 
    

 

3,981 3,771 
 

4,843 4,413 

            

 

In 2007, wild smolt length averaged just over 100 mm fork length (FL) (Table 14).  Wild parr 

(fall-run) averaged almost 91 mm FL.  Little variation occurs between years in smolt length (C. 

Snow, pers. comm). 

 

Table 14.  Summary of length and weight of migrating Chinook juveniles in the Methow River 

in 2007 (from Chapter 3, Table 1 Snow et al. 2008). 

  
 

Fork length from returning wild and hatchery spring Chinook salmon has been measured in 

recent years as part of the hatchery evaluation program (Table 15).  There appears to be little 

difference between streams or between wild and hatchery fish, although hatchery fish in general 

are smaller. 
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Table 15.  Mean fork length by age, sex and brood of spring Chinook collected for the Methow 

Hatchery program, 1998-2005 (from Chapter 1, Appendix C of Snow et al. 2008). 

                    

Stock/sex/year 

Age - 3 

 

Age - 4 

 

Age - 5 

Hatchery Wild   Hatchery Wild   Hatchery Wild 

Met Comp  - male 

        
1998 

 

54.0 52.0 
 

79.0 74.9 
 

94.0 92.7 

1999 

 

52.0 
  

78.0 76.4 
  

100.0 

2000 

 

52.1 
  

73.3 
    

2001 

 

60.0 
  

80.6 
    

2002 
 

48.3 
  

79.0 
  

100.0 
 

2003 
 

49.0 51.0 
    

96.7 
 

2004 

 

48.3 
  

72.0 
    

2005 

 

52.1 
  

72.3 
    

Average 

 

52.0 51.5 
 

76.3 75.7 
 

96.9 96.4 

Met Comp  - female         

1998 
 

   
76.3 76.1 

 
87.2 89.0 

1999 
 

   
78.0 77.6 

  
86.5 

2000 

 
   

74.5 
    

2001 

 
   

76.9 
    

2002 

 
   

76.3 
  

87.3 
 

2003 

 
   

75.3 
    

2004 
 

   
73.4 75.0 

 
76.0 

 

2005 
 

   
74.3 71.0 

 
81.0 

 

Average 

 
   

75.6 74.9 
 

82.9 87.8 

Twisp - male         

1998 

 
   

79.5 
  

87.0 
 

1999 

 

50.8 
       

2000 
 

52.0 45.0 
 

71.0 
   

98.0 

2001 
 

63.0 52.5 
 

79.3 75.3 
   

2002 

 

46.3 
       

2003 

 

50.7 50.0 
  

67.0 
   

2004 

 

49.0 45.7 
 

72.2 71.6 
   

2005 

 

49.6 
   

82.0 
   

Average 
 

51.6 48.3 
 

75.5 74.0 
 

87.0 98.0 

Twisp - female         

1998 

 
   

77.0 
  

90.5 
 

1999 

 
    

78.5 
  

89.3 

2000 

 
   

75.1 
   

91.0 

2001 

 
   

76.9 79.6 
 

92.5 88.0 

2002 
 

   
75.0 

    

2003 
 

   
70.7 

   
93.4 

2004 

 
   

73.0 75.8 
   

2005 

 
    

81.0 
  

88.5 

Average 

 
   

74.6 78.7 
 

91.5 90.0 

Total Basin Average - male        
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1998 
 

54.0 52.0 
 

79.3 74.9 
 

90.5 92.7 

1999 
 

51.4 
  

78.0 76.4 
  

100.0 

2000 
 

52.1 45.0 
 

72.2 
   

98.0 

2001 

 

61.5 52.5 
 

80.0 75.3 
   

2002 

 

47.3 
  

79.0 
  

100.0 
 

2003 

 

49.9 50.5 
  

67.0 
 

96.7 
 

2004 
 

48.7 45.7 
 

72.1 71.6 
   

2005 
 

50.9 
  

72.3 82.0 
   

Average 
 

52.0 49.1 
 

76.1 74.5 
 

95.7 96.9 

Total Basin Average - female        

1998 

 
   

76.7 76.1 
 

88.9 89.0 

1999 

 
   

78.0 78.1 
  

87.9 

2000 
 

   
74.8 

   
91.0 

2001 

 
   

76.9 79.6 
 

92.5 88.0 

2002 
 

   
75.7 

  
87.3 

 

2003 

 
   

73.0 
   

93.4 

2004 

 
   

73.2 75.4 
 

76.0 
 

2005 

 
   

74.3 76.0 
 

81.0 88.5 

Average 

 
   

75.3 77.0 
 

85.1 89.6 

                    

 

Adult spring Chinook destined for areas upstream from Bonneville Dam (upriver runs) enter the 

Columbia River beginning in March and reach peak abundance (in the lower river) in April and 

early May (WDF and ODFW 1994).  Fifty percent of the spring Chinook run passes Priest 

Rapids and Rock Island dams by mid-May, while most pass Wells Dam somewhat later (Howell 

et al. 1985; Chelan and Douglas PUD, unpublished data).   Chinook that pass Rock Island Dam 

are considered "spring-run" fish from the beginning of counting (mid-April) through 

approximately the third week of June (French and Wahle 1965; Mullan 1987). Adults destined 

for the Methow basin migrate past Wells Dam and enter the subbasin in May and June, peaking 

after mid-May.  Differences in migration timing have been shown to be present between, but not 

within age classes. Hatchery three year olds migrated to Wells Dam later than hatchery four and 

five year olds as well as wild five year olds (Snow et al. 2008). 

 

Methow Basin spring Chinook spawn primarily in the upper reaches of the Chewuch, Twisp and 

Methow rivers, including the Lost River, Early Winters and Wolf Creek tributaries; in order of 

importance: the mainstem Methow, Twisp, Chewuch, Lost River, and Early Winters Creek.  No 

significant differences have been detected in the distribution of hatchery and wild carcasses 

(females) within each subbasin (Snow et al. 2008).   

 

Spawning occurs late July through mid-September.  There have been no significant differences 

in spawn timing between hatchery and wild fish (females) within or among subbasins, although 

it appears hatchery fish spawn earlier than wild fish, except in the Twisp River which had the 

lowest proportion of hatchery origin spawners (Snow et al 2008).   

 

Fry emerge the spring following spawning, and are assumed to smolt as yearlings, although fall 
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parr migrations from upper reaches have been observed (Hubble 1993; Hubble and Harper 1999, 

Snow et al. 2008), although where these fall migrants rear prior to smolting the next spring  is 

still unknown. 

 

Fryer et al. (1992) summarized age information of spring Chinook sampled at Bonneville Dam 

from 1987 through 1991.  They found no adult scales with two stream annuli (2.x), although in 

every year there were some fish estimated to have entered the ocean in their first year of life (0.x; 

probably from the Snake River basin).  Adults sampled in the Upper Columbia tributaries have 

shown no 0.x or 2.x life histories. 

 

Individuals that never migrated to the sea make up some portion of the spawning population 

(Healey 1991; Mullan et al. 1992a).  Mullan et al. (1992a) indicate that precocious maturation of 

male spring Chinook is common in the mid-Columbia basin and is characteristic of both hatchery 

and wild stocks.  Mullan et al. (1992a) examined 20,000 wild juvenile Chinook in tributaries of 

the mid-Columbia River during 1983-1988 and found that precocious males made up about 1% 

of the sample.  However, if jacks (age-2 males that return after 1 year in the ocean) are included, 

the percentage of males that mature precociously would be much greater than 10%. 

 

The extent that precocious males contribute to reproduction is unknown.  In the Upper Columbia 

Basin, males that mature in freshwater during their first or second summer may contribute to 

reproduction, and may contribute more than jacks under certain conditions.  For example, Leman 

(1968) and Mullan et al. (1992b) observed only precocious males attending large female 

Chinook in small headwater streams that were accessible only at high water.  In Marsh Creek 

and Elk Creek, Idaho, precocious males occurred most frequently where there was active 

spawning (Gebhards 1960).  These fish usually lay within the depression of the redd with an 

adult female, or male and female pair.  Gebhards (1960) reports seeing between 4 and 30 

precocious males within redds.  Apparently these fish frequent spawning areas to reproduce, not 

to forage on eggs.  Gebhards (1960) analyzed the stomach contents of several precocious males 

and found that only 5% had consumed eggs.  Furthermore, most (85.1%) of the dead precocious 

males that he found were partly or completely spent.    

 

The mechanism that determines the life history strategy of Chinook is not well understood 

(Gross 1991).  It has been well demonstrated however, that in addition to genetic factors, growth 

rate and energy reserves are a large factor determining residualism rates (Larsen et al. 2004, 

2006) in many salmonid species including Atlantic salmon (Rowe and Thorpe, 1990), Chinook 

salmon (Clarke and Blackburn 1994, Larsen et al. 2004, 2006), and steelhead (Sharpe et al. 

2007).  Early maturing Chinook (precocious) males may play an important role in reproduction 

in the Upper Columbia Basin spawning successfully not only as "sneakers" in the presence of 

older males, but as the sole male present in some areas and in some years when spawner numbers 

are very low.   

 

Smolt trapping has occurred in the Methow Basin since the mid 1990s as part of the hatchery 

evaluation program.  In general, yearling spring Chinook (smolts) migrate down the Methow 

River between early March and the end of May – early June.  The peak of the migration in 2007 

appeared later in the Twisp River compared to the Methow River site (Figure 5 and 6), although 
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trap efficiencies may influence the absolute numbers of fish caught on a given date. 

 

 
 

Figure 5.  Daily capture of wild Chinook salmon smolts from the Methow River trap in 2007 

(Figure 3, Chapter 3 from Snow et al. 2008). 

 

 
Figure 6.  Daily capture of wild Chinook salmon smolts from the Twisp River trap in 2007 

(Figure 6, Chapter 3 from Snow et al. 2008). 

 

As previously stated, a substantial parr (subyearling) migration occurs within the Methow Basin, 
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and appears in two main phases; throughout the summer and then again in the fall (Figure 7). 

 

 
Figure 7.  Daily capture of subyearling wild spring Chinook and migrant parr at the Twisp River 

trap in 2007 (Figure 7, Chapter 3 from Snow et al. 2008). 

 

 

 

- Identify the NMFS ESA-listed population(s) that will be directly affected by the 

program.  (Includes listed fish used in supplementation programs or other programs that 

involve integration of a  listed natural population.  Identify the natural population 

targeted for integration). 

 

Common Name Endangered Species Act 
Natural population targeted for 

integration 

Steelhead trout (Upper 

Columbia River) 
Threatened 

Methow River summer 

steelhead 

 

 

The goal of this program is to restore the natural population of threatened Upper Columbia River 

steelhead in the Methow River basin.  The WNFH program is and will continue to be operated as 

an integrated hatchery program using natural origin and hatchery origin adults for broodstock.  In 

the short term WNFH will continue to use adult steelhead collected at Wells Dam (composite of 

Methow and Okanogan steelhead), and is currently transitioning to a local Methow River 

broodstock.   

 

- Identify the NMFS ESA-listed population(s) that may be incidentally affected by 

the program.  
  

Common Name Endangered Species Act 
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Common Name Endangered Species Act 

Spring Chinook salmon 

(Upper Columbia River) 
Endangered 

Steelhead trout (Upper 

Columbia River) 
Threatened 

 

2.2.2) Status of NMFS ESA-listed salmonid population(s) affected by the program. 
 

- Describe the status of the listed natural population(s) relative to “critical” and 

“viable” population thresholds (see definitions in “Attachment 1"). 
 

Methow summer steelhead Major Population Group (MPG) 

The Interior Columbia Technical Recovery Team (ICTRT) has classified the Methow River 

summer steelhead as an “Intermediate” population in size based on its historic habitat potential. 

An “Intermediate” population is one that requires a minimum abundance of 1,000 wild spawners 

and an intrinsic productivity of greater than 1.1 spawner to spawner (S/S) to be viable.  The 

Upper Columbia Spring Chinook Salmon and Steelhead Recovery Plan (UCSRB 2007) 

incorporated the abundance goal of 1,000 naturally produced spawners (geo-mean over 12 years) 

and an intrinsic productivity of 1.1. 

 

Methow summer steelhead currently are considered to have a greater than 25% chance of 

becoming extinct within 100 years.  
 

Methow spring Chinook Salmon MPG 

The Interior Columbia Technical Recovery Team (ICTRT) has classified the Methow River 

spring Chinook salmon as a “Very Large” population in size based on its historic habitat 

potential. A “Very Large” population is one that requires a minimum abundance of 2,000 wild 

spawners and an intrinsic productivity of greater than 1.75 spawner to spawner (S/S) to be 

viable.  The Upper Columbia Spring Chinook Salmon and Steelhead Recovery Plan (UCSRB 

2007) incorporated the abundance goal of 2,000 naturally produced spawners (geo-mean over 12 

years), but incorporated an earlier recommendation from the ICTRT of an intrinsic productivity 

of 1.2. 

 

Regardless of which productivity metric is used, the Methow spring Chinook salmon currently 

are considered to have a greater than 25% chance of becoming extinct within 100 years.  

 

- Provide the most recent 12 year (e.g. 1988-present) progeny-to-parent ratios, 

survival data by life-stage, or other measures of productivity for the listed 

population.  Indicate the source of these data. 

Methow summer steelhead MPG 

In UCSRB (2007), the returns per spawner were expressed as either a hatchery spawner 

effectiveness of 100% or 0%.  The geo-mean of returns per spawner if hatchery spawner 

effectiveness was 100% = 0.09, and 0.84 if hatchery spawner effectiveness was 0% up to the 
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1996 brood.  Recently, Snow et al. (2008) estimated that the total (not accounting for hatchery 

spawner effectiveness) average return per spawner as 0.30 for brood years 1996-2001 (Table 16).   

 

Table 16.  The natural replacement rate of Methow River basin steelhead between the 1996 and 

2001 broodyears (data from Chapter 4, Table 16 from Snow et al. 2008). 

Parent Brood Recruits NRR 

1996 315 0.56 

1997 684 0.28 

1998 730 0.30 

1999 167 0.11 

2000 848 0.40 

2001 595 0.16 

Average 557 0.30 

Methow spring Chinook salmon MPG 

During the period 1960 to 1999, returns per spawner for spring Chinook in the Methow subbasin 

ranged from 0.05 to 5.21 (UCSRB 2007). The 12-year geometric mean of returns per spawner 

during this period ranged from 0.41 to 1.02. The geometric mean at the time of listing (1999) 

was 0.51. 

 

Since 1999, the natural replacement rate (the number of recruits from successive return years that 

originated from the same broodyear, and dividing the sum by the number of spawners for that 

brood year) has varied, but remains low, especially in the Methow River spawning area (Table 

17).   

 

Table 17.  The natural replacement rate of Methow River basin spring Chinook between the 

1992 and 2001 broodyears (data from Chapter 5, Appendix A from Snow et al. 2008). 

        

Year 

NRR 

Chewuch Methow Twisp 

1992 0.09 0.09 0.28 

1993 0.49 0.21 0.11 

1994 0.26 0.16 0.28 

1995 5.46 2.79 3.20 

1996 
   

1997 7.47 3.48 10.17 

1998 
   

1999 0.10 0.06 0.30 
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2000 0.81 0.40 1.27 

2001 0.11 0.03 0.15 

    
Geo-

mean 
0.50 0.26 0.60 

        

 

- Provide the most recent 12 year (e.g. 1988-1999) annual spawning abundance 

estimates, or any other abundance information.  Indicate the source of these data.   

Methow summer steelhead MPG 

Between 1988 and 2007, the run of naturally produced steelhead returning to the Methow River 

has ranged from 66 (1995) to 669 (2004).  The most recent 12-year average (1996-2007) geo-

mean is estimated at 329 fish (Table 18). 
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Table 18. Estimated return of naturally produced steelhead to the Methow River between 1988-

2007.  Information based on UCSRB (2007) and Snow et al. (2008). 
Return year Estimated naturally produced return 

1988 316 

1989 401 

1990 315 

1991 552 

1992 252 

1993 130 

1994 90 

1995 77 

1996 140 

1997 66 

1998 151 

1999 326 

2000 316 

2001 587 

2002 434 

2003 579 

2004 669 

2005 547 

2006 499 

2007 409 

Methow spring Chinook salmon MPG 

From 1960 to 2003, abundance of age 3+ naturally produced spring Chinook salmon in the 

Methow subbasin ranged from 33 to 9,904 adults. During this period the 12-year geometric mean 

of spawners in the subbasin ranged from 480 to 2,231 adults. The geometric mean at the time of 

listing (1999) was 480 spawners (UCSRB 2007).   

 

More recently, the estimated escapement of naturally produced spring Chinook salmon has 

ranged from approximately 45 (1995) to 1,800 fish (2001) (Table 19). 
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Table 19.  Estimated escapement of spring Chinook salmon in the Methow River, 1992-2007 

(based on App. A and D, Chapter 5 from Snow et al. 2008). 

                        

            
  
  

  

Estimated Escapement   

Chewuch   
  

Methow   
  

Twisp   
  

Total 

H W H W H W H W 

1992   422 

 
  924 

 
  316 

 
  1,662 

1993   184 

 
  537 

 
  426 

 
  1,147 

1994   63 

 
  172 

 
  74 

 
  309 

1995   6 

 
  27 

 
  12 

 
  45 

1996     

 
    

 
    

 
    

1997   123 

 
  155 

 
  72 

 
  350 

1998     

 
    

 
    

 
    

1999   21 

 
  70 

 
  25 

 
  116 

2000 52 83 

 
546 611 

 
235 256 

 
833 950 

2001 1,761 732 

 
6,994 594 

 
384 506 

 
9,139 1,832 

2002 588 78 

 
1,644 86 

 
60 181 

 
2,292 345 

2003 465 25 

 
596 8 

 
18 25 

 
1,079 58 

2004 289 46 

 
622 199 

 
98 243 

 
1,009 488 

2005 289 219 

 
526 221 

 
34 87 

 
849 527 

2006 378 135 

 
942 128 

 
100 65 

 
1,420 328 

2007 203 74 

 
541 152 

 
65 40 

 
809 266 

                                  

  

- Provide the most recent 12 year (e.g. 1988-1999) estimates of annual proportions of 

direct hatchery-origin and listed natural-origin fish on natural spawning grounds, if 

known. 

Methow summer steelhead MPG 

Using the percentage of wild fish sampled at Wells Dam as a surrogate for the percentage of wild 

fish on the spawning grounds shows that the percentage of hatchery steelhead on the spawning 

grounds is typically greater than 90% (Figure 8).  The long term average percentage of naturally 

produced fish sampled at Wells Dam is approximately 8% (Figure 8). 
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 Figure 8.  Percent of naturally produced steelhead sampled in the run at large at Wells Dam for 

the 1983-2008 brood years.  Data from UCSRB (2007) and C. Snow, pers. comm. 

Methow spring Chinook MPG 

The percentage of hatchery origin fish on the spawning grounds has been rising since 2001, in 

particular in the Chewuch and Methow spawning areas since 2005 (Table 20).   

 

Table 20.  Percentages of hatchery origin spring Chinook salmon spawners in the Methow 

Basin, based on Table 19. 

                        

Return 

Year 

Percentages   

Chewuch 
 

Methow 
 

Twisp 
 

Total 

H W 
 

H W 
 

H W 
 

H W 

2001 70.6 29.4 
 

92.2 7.8 
 

43.1 56.9 
 

83.3 16.7 

2002 88.3 11.7 
 

95.0 5.0 
 

24.9 75.1 
 

86.9 13.1 

2003 94.9 5.1 
 

98.7 1.3 
 

41.9 58.1 
 

94.9 5.1 

2004 86.3 13.7 
 

75.8 24.2 
 

28.7 71.3 
 

67.4 32.6 

2005 56.9 43.1 
 

70.4 29.6 
 

28.1 71.9 
 

61.7 38.3 

2006 73.7 26.3 
 

88.0 12.0 
 

60.6 39.4 
 

81.2 18.8 

2007 73.3 26.7 
 

78.1 21.9 
 

61.9 38.1 
 

75.3 24.7 

            Average 77.7 22.3 
 

85.5 14.5 
 

41.3 58.7 
 

78.7 21.3 
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2.2.3) Describe hatchery activities, including associated monitoring and evaluation and 

research programs, that may lead to the take of NMFS listed fish in the 

target area, and provide estimated annual levels of take  

 

- Describe hatchery activities that may lead to the take of listed salmonid 

populations in the target area, including how, where, and when the takes may occur, 

the risk potential for their occurrence, and the likely effects of the take. 

Broodstock Collection 

Upper Columbia River steelhead will be directly affected by the WNFH program through 

broodstock collection activities.  Natural origin steelhead will be collected annually for use as 

hatchery broodstock.  Fish will be collected by the WDFW at the east and west ladder facilities 

at Wells Dam during the months of August, September and October.  Broodstock collected at 

Wells Dam is used for steelhead programs conducted by the USFWS at WNFH, WDFW at Wells 

Fish Hatchery, and WDFW at Ringold State Fish Hatchery.  The programs at WNFH and Wells 

Fish Hatchery both target the use of NOR and HOR adults as broodstock whereas the program at 

Ringold utilizes only HOR adults.  HGMP‟s for the Ringold and Wells Fish Hatchery programs 

are being prepared by WDFW, Douglas Public Utility District, and the Wells Dam HCP hatchery 

subcommittee.  Broodstock activities discussed in the current HGMP are confined to the needs of 

the WNFH steelhead program.   

 

The WNFH program is currently transitioning to a local Methow River broodstock.  This new 

broodstock requires the collection of adult steelhead using hook and line angling techniques as 

well as volunteers to the hatchery ladder.  Furthermore, feasibility and planning efforts for a weir 

or other means of collecting adults in the Methow River is currently ongoing.  As local Methow 

River brood collection activities increase, there will be a corresponding decrease in the take of 

NOR broodstock at Wells Dam.  Local broodstock collection will occur annually during the 

months of March, April, and May.   

 

These broodstock collection activities have a high potential to take listed steelhead through 

migrational delay, capture, handling and upstream release.  Brood collection activities may lead 

to injury through handling, de-scaling, delayed migration, or delayed mortality.  More 

information concerning brood collection activities can be found in sections 5.1, 6, and 7 as well 

as in Table 4. 

 

Adult Management Activities 

Takes of hatchery and natural origin steelhead may also occur as a result of adult management of 

hatchery steelhead to meet spawn escapement objectives (abundance and hatchery/natural origin 

composition on the spawning grounds).  Estimated management targets for the removal and 

management of excess hatchery adults can be found in Section 1.8. 

 

 Conservation Fisheries 

Conservation fisheries are one tool to remove hatchery origin fish which are excess to 

escapement and stock recovery needs, and to meet PNI objectives.  A sport fishery in the 

Methow Basin targeting the removal of hatchery fish has occurred in four of the last five years. 

Please see section 3.3 for more information concerning this fishery.  Although fisheries are 
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discussed as a means to control hatchery over-escapement it must be noted that the development, 

promulgation, and authorization of fisheries is not the role of the USFWS, this is the purview of 

WDFW and other co-managers (e.g. YN, CCT).  Any take associated with a fishery in the 

Methow Basin would be considered in this separate process.   

 

 Manual Removal 

Hatchery steelhead that escape a fishery but are in excess to conservation and broodstock needs 

can be removed as they volunteer to the hatchery ladder.  This will be the primary tool for 

managing over-escapement (post fishery) in the near term (i.e. pre weir management).  If a weir 

or other suitable adult collection facility is constructed the Service anticipates that management 

of excess hatchery adults would be concentrated at that facility.   

   

Hatchery Monitoring and Evaluation Activities 

Hatchery monitoring and research activities that may lead to take include adult enumeration, 

genetic sampling, smolt trapping, juvenile snorkel surveys, stock assessment, and spawning 

surveys.  In the past, these activities have been largely conducted by WDFW as part of the 

monitoring and evaluation of steelhead hatchery programs for Wells HCP (Douglas County 

Public Utility District; DCPUD).   

 

The USFWS in collaboration with researchers from NOAA and the USGS, plans to conduct a 

study to evaluate the utility of one and two year smolt rearing programs (see Section 12 and 

Appendix A).  If funded, this project will entail the transfer (to NOAA facilities at Manchester 

and/or Seattle) of hatchery steelhead (as eyed eggs) annually in brood years 2011 to 2014.  A 

smaller number of fish from the WNFH production will be lethally sampled for key 

physiological indicators of maturation and smolting.  Transferred fish will not be returned to the 

Methow basin but will be reared as either one or two year smolts by NOAA and will fulfill the 

laboratory portion of this study.   

 

Prior to initiation of the full study the USFWS and its cooperators from NOAA and USGS will 

be conducting a pilot scale evaluation of the two year program.  A smaller number of juveniles 

from this program will be lethally sampled for key physiological indicators of smolt 

development.  This information will help to inform the final methods utilized in the full study. 

 

- Provide information regarding past takes associated with the hatchery program, 

(if known) including numbers taken, and observed injury or mortality levels for 

listed fish. 

Broodstock Collection  

In spring of 2008 (14 HOS) and 2009 (9 HOS, 5 NOS) adult steelhead of hatchery and natural 

origin were collected from the Methow River and used for broodstock.  Collection methods 

included volunteers to the hatchery ladder, trapping at Foghorn Dam (2009 only) and hook and 

line angling (2009 only).  All fish used for broodstock were lethally spawned.  In 2009, a total of 

8 NOS and 18 HOS were handled and released back into the river.  All fish handled and released 

back into the Methow River were in good condition with no noticeable injuries.  Previous 

broodstock collection and spawning at Wells Dam / Hatchery was conducted by WDFW as part 

of the Wells hatchery steelhead program.   
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-  Provide projected annual take levels for listed fish by life stage (juvenile and adult) 

quantified (to the extent feasible) by the type of take resulting from the hatchery 

program (e.g. capture, handling, tagging, injury, or lethal take).    

Complete the appended “take table” (Table 1) for this purpose.  Provide a range of 

potential take numbers to account for alternate or “worst case” scenarios. 

 

- Indicate contingency plans for addressing situations where take levels within a 

given year have exceeded, or are projected to exceed, take levels described in this 

plan for the program. 
The USFWS intends to adhere to all of the programmatic changes, management targets, and 

allowable take levels detailed in this HGMP.  If the goals and changes detailed in this HGMP are 

found to be infeasible or unobtainable the USFWS will need to discuss with NOAA and other 

co-managers what programmatic changes might need to be implemented to bring the program in 

line with acceptable take levels.  If the Service projects that direct take will exceed those detailed 

in the attached take table for a given season, NOAA will be immediately contacted and the 

discussion initiated to determine what measures will need to be adopted.  The importance of this 

program to SST recovery efforts in the Methow River basin precludes the ability to predict a 

specific set of contingencies.  For a given year the measures adopted will by necessity be 

dependent on seasonal conditions balancing the risk to the ESA listed population of exceeding 

allowable take and the benefits provided by the hatchery program to the listed population.  

 

SECTION 3.  RELATIONSHIP OF PROGRAM TO OTHER 

MANAGEMENT OBJECTIVES 

 

3.1)  Describe alignment of the hatchery program with any ESU-wide hatchery plan (e.g. 

Hood Canal Summer Chum Conservation Initiative) or other regionally accepted 

policies (e.g. the NPPC Annual Production Review Report and Recommendations - 

NPPC document 99-15).  Explain any proposed deviations from the plan or policies. 

 

UCSRB Regional Salmon Recovery Plan 

The Upper Columbia Salmon Recovery Board (UCSRB) coordinates recovery planning in the 

Upper Columbia River basin. The UCSRB lead the development of the Upper Columbia River 

Salmon, Steelhead, and Bull Trout Recovery Plan (Recovery Plan) (UCSRB 2007). This 

recovery plan details current recovery criteria and planning efforts regarding the restoration and 

recovery of these ESA listed species.  The summer steelhead program at WNFH will be operated 

consistent with the guidance, recommendations and objectives found in this recovery plan.  A 

link to the NMFS webpage describing the plan is at http://www.nwr.noaa.gov/Salmon-Recovery-

Planning/Recovery-Domains/Interior-Columbia/Upper-Columbia/Index.cfm.   

 

http://www.nwr.noaa.gov/Salmon-Recovery-Planning/Recovery-Domains/Interior-Columbia/Upper-Columbia/Index.cfm
http://www.nwr.noaa.gov/Salmon-Recovery-Planning/Recovery-Domains/Interior-Columbia/Upper-Columbia/Index.cfm
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The excerpts below provide a brief description of the Recovery Plan‟s steelhead recovery 

criteria. 

 

“Abundance and productivity (based on 12-year geometric mean) of naturally produced 

 steelhead within the Wenatchee, Entiat, Methow, and Okanogan populations must reach 

levels that would have less than a 5% risk of extinction over a 100-year period.” 

 

“At a minimum, the Upper Columbia Steelhead DPS will have a productivity greater 

than 1.0 and maintain at least 3,000 spawners distributed among the four populations.” 

  

For the Methow basin as a whole the abundance objective is 1000 and the productivity objective 

is 1.1.  

 

“Over a 12-year period naturally produced steelhead will use currently occupied major 

spawning areas throughout the ESU according to the following population-specific 

criteria:”…(Methow)”Naturally produced steelhead spawning will occur within the three 

of the four major spawning areas (Twisp, Chewuch, Beaver, or Upper Methow).  The 

minimum number of naturally produced steelhead redds within each major spawning 

area will be either 5% of the total number of redds within the Methow subbasin or at 

least 20 redds within each major area, whichever is greater.” 

 

The recovery plan (UCSRB 2007) also details a number of specific short and long term actions 

for listed steelhead in the Methow basin.  This HGMP is intended to be consistent with these 

actions, specifically:   

 

“Continue to employ mechanisms to manage hatchery returns on spawning grounds in 

balance with naturally produced fish.” 

 

“Propagate and externally mark locally derived stock in the Methow subbasin to 

supplement natural production and to provide harvest opportunities.” 

 

“Propagate locally derived stock consistent with low to moderate risk VSP criteria for 

major spawning areas in the Methow subbasin.” 

 

“Modify hatchery programs to minimize adverse impacts of hatchery fish on naturally 

produced fish while maintaining production levels identified in various agreements.” 

 

3.2) List all existing cooperative agreements, memoranda of understanding, memoranda 

of agreement, or other management plans or court orders under which program 

operates.   
The Columbia River Fish Management Plan is an outcome from US v Oregon and identifies 

production and harvest program goals and other program considerations such as rates of marking 

for stocks of salmon and steelhead originating above Bonneville Dam.   Though the current 

summer steelhead program at WNFH is consistent with this agreement, some of the future 

changes detailed in this HGMP will require changes through US v. Oregon and coordination with 



41 

 

co-managers including the Confederated Tribes of the Colville Reservation (CCT) among others.   

 

3.3) Relationship to harvest objectives. 
The WNFH steelhead program is operated as an integrated hatchery program for the purpose of 

restoring natural populations of summer steelhead in the Methow River basin, thus harvest is a 

secondary component to the program.  Winthrop NFH steelhead are mass marked by adipose fin 

removal making these fish available for harvest in Lower Columbia River and Pacific Ocean 

fisheries.  This marking scheme is needed to ensure that, after returning to the Methow basin, 

HOR adults can be easily distinguished from NOR adults.  This also enables fishery co-managers 

to control the over-escapement of HOR adults by removal in selective fisheries allowed in the 

Methow River basin.  Please see information in section 3.3.1 for past harvest levels in Lower 

Columbia River and Methow River fisheries.  The Upper Columbia River Salmon and Steelhead 

Recovery Plan (UCSRB 2008) describes the current criteria for the initiation (by Washington 

State and other co-managers) of a selective fishery to harvest hatchery steelhead in the Methow 

River basin.  The future changes to the management and propagation of hatchery steelhead 

detailed in this and other HGMPs (i.e. Wells HCP summer steelhead HGMP) will likely 

necessitate changes to these harvest criteria.  The following excerpts from the recovery plan 

detail the current criteria (see Table 21 for tributary specific information): 

 

“When the natural origin (wild) steelhead run is predicted to exceed 1,300 fish at Priest 

Rapids Dam and the total steelhead run is predicted to exceed 9,550 steelhead, a harvest 

fishery may be considered as an option to remove excess adipose fin-clipped hatchery 

steelhead. For a fishery to be authorized in the tributary areas, the predicted tributary 

escapements must meet certain minimum tier 1 criteria. The mortality impact on 

naturally produced steelhead must not exceed the specified limits for Tier 1 in each 

tributary area.” 

 

“When the natural origin steelhead run is predicted to exceed 2,500 fish at Priest Rapids 

Dam, and the total steelhead run is predicted to exceed 10,035 steelhead, and the 

tributary escapements meet the minimum targets, then naturally produced steelhead 

mortality impacts must not exceed the limits specified for Tier 2 in each tributary area.” 

 

“When the natural origin steelhead run is predicted to exceed 3,500 fish at Priest Rapids 

Dam, and the total steelhead run is predicted to exceed 20,000 steelhead, and the 

tributary escapements meet the minimum targets, then naturally produced steelhead 1 

mortality impacts must not exceed the limits specified for Tier 3 in each tributary area.” 
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Table 21.  Natural origin steelhead run size criteria and mortality take-limit for selective harvest 

fisheries in the Methow River and the Columbia River upstream of Wells Dam (Information 

reproduced from UCSRB 2008). 

 

Tier Priest Rapids Count 
Estimated escapement 

to tributary 
Mortality impact (%) 

 < 804 < 500 0 

1    804    500 2 

2 2,224 1,600 4 

3 3,386 2,500 6 

 

3.3.1)  Describe fisheries benefitting from the program, and indicate harvest levels 

and rates for program-origin fish for the last twelve years (1988-99), if available.  
Also provide estimated future harvest rates on fish propagated by the program, and on 

listed fish that may be taken while harvesting program fish. 

Lower Columbia River and Pacific Ocean harvest rates are typically determined based on 

recovery and reporting of CWT information.  Steelhead reared and released from WNFH were 

not released with CWTs until BY 2007 (released in spring 2008), thus there is currently no 

available information concerning the ocean and lower river harvest of steelhead from WNFH.   

 

The available information regarding the harvest of hatchery summer steelhead (WNFH and WFH 

origin) in the Methow River basin is provided in Table 22 excerpted from Snow et al. (2008).
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Table 22. “Total number of steelhead removed in upper Columbia River sport fisheries by fishery 

location and brood (H = hatchery, W = wild). The total CPUE was calculated from the total 

number of fish captured divided by the total number of hours fished in each fishery.” 

 

 

Brood 
Methow R.  Okanogan  Similkamenn  Columbia R.  Total 

H W CPUE  H W CPUE  H W CPUE  H W CPUE  H W CPUE 

2007
a
 -- -- --  -- -- --  -- -- --  523 2 0.093  523 2 0.093 

2006 683 8 0.108  229 3 0.332  263 2 0.309  437 4 0.055  1,612 17 0.05 

2005 680 9 0.114  243 2 0.087  290 2 0.245  493 4 0.067  1,706 17 0.104 

2004 336 10 0.151  328 1 0.149  57 0 0.071  298 4 0.081  1,019 15 0.14 

2003 254 13 0.362  57 1 0.074  63 1 0.147  455 9 0.146  829 24 0.189 

2002
b
 -- -- --  -- -- --  -- -- --  -- -- --  694 73 0.167 

 
a 

Fishery occurred in Columbia River only. 
b
 Fishery occurred in Okanogan and Similkameen rivers only. Data reflects the total number of fish captured, 

including those released. 
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3.4) Relationship to habitat protection and recovery strategies. 
Although habitat in much of the upper reaches of the Methow basin is in near pristine 

condition, habitat complexity, connectivity, water quantity, and riparian function have 

been compromised due to human activities in other parts of the Methow basin.  The 

recovery plan (UCSRB 2007) details specific objectives and actions for habitat protection 

and restoration necessary for the recovery of Upper Columbia River salmon and 

steelhead populations.  These habitat actions are occurring at the same time as hatchery 

programs are acting to supplement natural production, while preserving important genetic 

resources.  The USFWS is actively coordinating with its cooperators to ensure that 

hatchery actions do not unduly impact the ability to monitor the effectiveness of habitat 

restoration activities.   

  

3.5) Ecological interactions.  
1) Populations that could negatively impact WNFH summer steelhead. 

Both introduced (e.g. walleye, Sander vitreus and smallmouth bass, Micropterus 

dolomieu) and native predators (e.g. northern pikeminnow, Ptychocheilus oregonensis) 

consume large numbers of juvenile salmonids as they migrate through the Columbia 

River system (Poe et al. 1991, Rieman et al. 1991, Tabor et al. 1993).  Exacerbating this 

impact of predation are observations that northern pikeminnow are able to rapidly adjust 

their diet and foraging habits to key in on the opportunity presented by the release and 

seaward migration of large numbers of hatchery fish (Shively et al. 1996).  Furthermore, 

pikeminnow predation is typically concentrated downstream of mainstem hydropower 

facilities where juvenile fish are less dispersed than normal, and potentially disoriented 

and/or stressed following navigation through the hydro facility.  Ongoing programs 

designed to control the size of predator populations and to redesign juvenile bypass 

facilities to avoid the aggregation of large numbers of predators below mainstem dams 

are attempting to minimize the impacts of predation and increase the survival of seaward 

migrating juvenile salmonids. 

 

The potential negative impact of introduced species on Columbia River salmonids is not 

confined to predation but may also include deleterious impacts caused by nonnative plant 

(e.g. Japanese knotweed, Eurasion water milfoil, purple loosestrife) and invertebrate (e.g. 

New Zealand mudsnail, Siberian freshwater shrimp) species.  Whether piscine, plant or 

invertebrate the degree of impact that invasive non-native species may be having on 

indigenous Columbia River salmonid populations is largely unknown (Sanderson et al, 

2009). 

 

2) Populations that could be negatively impacted by WNFH steelhead. 

The potential ecological effects of WNFH fish on natural salmonid populations is broken 

down into two sections; A) effects associated with juvenile releases, and B) effects 

associated with adult returns.    

 

  A)  Juvenile Releases 

Hatchery origin juvenile steelhead released from WNFH can potentially interact with 

listed spring Chinook salmon and natural-origin steelhead juveniles.  Both of these 

species are present year round in the Upper Columbia River mainstem and tributary 
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areas.  Spring Chinook fry emerge from the gravel in late winter or early spring at an 

average size of approximately 30 mm (FL) and most fry immediately move downstream 

to mainstem rearing areas (NMFS 2001).  Natural origin spring Chinook salmon in the 

upper Columbia River initiate seaward migration as yearling fish between April and June 

at an average size of 87 to 127 mm (FL; NMFS 2001).  Steelhead fry emerge from the 

gravel in the late spring through August at a size of 30 to 33 mm (FL; NMFS 2001) and 

disperse to downstream rearing areas in the late summer and early fall.  Upper Columbia 

River steelhead begin seaward migration as age 2+ (43.2%) or 3+ (46.4%) smolts (Peven 

1990) during April and May at an average size of 136 to 188 mm (Chapman et al. 1994). 

 

Inter and intraspecific competition between juvenile hatchery and natural origin 

salmonids has the potential to negatively impact natural populations through density 

dependent mechanisms resulting in habitat displacement, competition for critical 

resources such as food and cover, and even reduced growth or survival of individual 

salmonids from natural populations (Fresh et al. 1997).  Conversely, the presence of 

hatchery fish in the estuary and the mainstem migratory corridors may act to buffer 

migrating natural origin salmonids from the effects of piscine and avian predation (Fresh 

et al. 2005).   

 

Whether the release of juvenile steelhead from WNFH negatively impacts natural origin 

salmonids is not completely understood but is thought to be unlikely or minimal.  Studies 

examining the impact of hatchery releases of steelhead on natural steelhead populations 

have found little if any evidence for negative interactions (for review see Flagg et al. 

2000).  Hill et al (2006) found that micro habitat usage between hatchery and natural 

origin steelhead was not different and that wild juveniles were not displaced (at the micro 

habitat scale) following hatchery releases, even though hatchery fish were shown to be 

significantly larger than their wild counterparts.  Furthermore, Riley et al. (2005) saw no 

differences in aggressive behavior between HOR and NOR juveniles, though aggression 

increased with density and was reduced in the presence of predators for both HOR and 

NOR fish. However, due to their large size there is a risk that hatchery juveniles released 

from WNFH may prey on smaller natural origin salmonids that they encounter in the 

Methow River basin and Columbia River mainstem.  Newly emerged Chinook salmon 

fry are at most risk of predation by hatchery fish.  This predation risk is minimized by the 

release of program smolts that rapidly migrate downstream after release. The possibility 

of residualism and or upstream migration by hatchery juveniles is minimized by the 

release of fish ready to undergo downstream migration, and any effect of residual 

hatchery fish would be concentrated in areas near the hatchery rather than tributaries of 

the Methow River (Pearsons et al. 2009).  Furthermore, downstream migrating hatchery 

juveniles are thought to utilize different habitats than smaller steelhead and Chinook fry 

and fingerlings (Dauble et al. 1989, Weber and Fausch 2004) minimizing the possibility 

of negative interactions or predation (Flagg et al. 2000) during downstream migration.  

 

B) Adult Returns: 

Little is known about the interaction of individual stocks of Chinook salmon and steelhead 

between the time exit the estuary and return to the Columbia River as adults to spawn in the 

Columbia Basin. Available information is inferred from Coded-Wire Tag (CWT) data 
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taken from fish harvested from sea. These data, however, do not give us insight into either 

fish behavior or inter-specific interactions among stocks in the ocean. Since ocean harvest 

of steelhead is thought to be low, WNFH fish are not an important factor in determining 

ocean harvest regulations and quotas that could affect listed species. 

 

Returning adult hatchery steelhead that stray to natural spawning areas may compete for 

spawning gravel and/or breed with natural fish (steelhead/resident rainbow), potentially 

altering genetic fitness and influencing their ability to survive in the ecosystem. Prior to 

2008, the stray rates of steelhead released into the Methow subbasin could not be estimated, 

however the practice of rearing steelhead released from WNFH on Methow River water 

likely minimizes out of basin stray rates. Antenna arrays designed to detect PIT tags in 

returning adult salmonids were installed in the Methow and Twisp Rivers in 2008. These 

arrays will assist in determining the fate of fish passing Wells Dam.  

 

C)  Summary 
As detailed throughout this document, the USFWS has either implemented or is proposing 

to implement several measures to minimize the ecological impact(s) that WNFH summer 

steelhead may pose to natural salmonid populations.  Many of these measures are based on 

guidance provided by NOAA in their recent 2008 BiOp (NOAA, 2008) which included a 

list of appropriate management practices to minimize the risk of negative ecological 

interactions to natural populations.  Measures that have either already been implemented or 

are proposed in the WNFH program include:  

1) “Release fish at a size and condition factor that leads to their prompt emigrations 

to the ocean,”  

2) “Control HOF natural spawning to avoid superimposition of NOF spawning 

redds and to limit competitive interactions between the progeny of naturally 

spawning HOF and naturally spawning NOF”  

3) “Control hatchery fish natural spawning so that rearing habitat carrying capacity 

is not exceeded”  

4) “Mark fish externally so they can be distinguished for harvest purposes and 

collected for hatchery broodstock.”   

 

The use of these practices minimizes the risk of negative ecological interactions between 

WNFH summer steelhead and natural salmonid populations while still assisting with the 

recovery of endangered Upper Columbia River summer steelhead. 

 

3) Populations that have a positive impact on WNFH steelhead. 

None currently identified. 

 

4) Populations positively impacted by WNFH steelhead. 

None currently identified. 
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SECTION 4.  WATER SOURCE 

4.1) Provide a quantitative and narrative description of the water source (spring, 

well, surface), water quality profile, and natural limitations to production 

attributable to the water source.  

Winthrop NFH withdraws approximately 75% (up to 50 cubic feet per second [cfs]) of its 

water supply from the Methow River at Foghorn Dam and 25% from ground water 

supply (Table 23).  Surface water (50 cfs) represents about 3% of the Methow River‟s 

mean annual discharge of 1,592 cfs (Mullan et al. 1992).  Due to fish health 

considerations, Winthrop NFH has reduced its use of Methow River water which also 

lessens its impact to upper Columbia River spring Chinook salmon.  Foghorn Dam fish 

ladder and intake was reconstructed in 1996.  The inlet to the intake area has fish 

exclusion racks designed by NOAA Fisheries personnel.  In 2005, a water metering 

device was installed at the head of the Foghorn Ditch. About 400 m down the initial 

intake on the Foghorn Ditch is the intake for MFH.  Below the MFH (about 140 m) on 

the Foghorn Ditch is a gate and fish bypass channel.  The gate opens from the bottom of 

the ditch and the bypass channel spills over a concrete weir.  The bypass channel leads 

back to the Methow River.  About 400 m below the bypass is the Winthrop NFH intake.  

The intake has a trash rack at the ditch leading to the screen chamber.  The screen 

chamber consists of a 10 ft. diameter 3/32” mesh rotary screen built and serviced by the 

WDFW screen shop from Yakima, WA.  The WDFW maintenance crew periodically 

checks to ensure that there are no entryways larger than 3/32” that lead to the hatchery 

intake pipe. In addition, directly below the hatchery intake and screen chamber, a new 

NOAA fisheries compliant screen was constructed and installed in 2000 to prevent 

natural-origin fish from entering the Foghorn Irrigation Ditch. Bypass pipes lead fish 

away from both screens to the main bypass channel which leads back to the Methow 

River.  

 

Table 23.  Winthrop NFH Water Certificates. 

Certificate 
# 

Source Purpose/use Priority Date Amount 

7209-A Groundwater.  

Infiltration gallery 

and well 

Fish propagation 04/06/1967 1500 gpm,      

2400 af/yr 

7590 - A Groundwater.  

Infiltration gallery 

and well 

Fish propagation, 

operation and 

maintenance of 

hatchery 

02/17/1971 1500 gpm,      

2400 af/yr 

CCVOL1206 Spring Branch 

Springs 

Irrigation for 

operation and 

maintenance of fish 

hatchery 

6/23/1891 10 cfs 

CS4-

SWC848 

Methow River   

& Infiltration 

Gallery 3            

Fish propagation 01/10/1922 

 

 

50 cfs 

 

Up to 10 cfs of 

the 50 cfs can be 

diverted from 

Infiltration 

Gallery 3 
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Water discharged into the Methow River is done in compliance with NPDES Permit WA-

259-3.  WNFH has submitted an application for coverage under the new General NPDES 

permit (WAG-13000-0).   

 

4.2)   Indicate risk aversion measures that will be applied to minimize the 

likelihood for the take of listed natural fish as a result of hatchery water 

withdrawal, screening, or effluent discharge. 
The intake and water delivery systems are in compliance with NOAA Fisheries criteria.  

Winthrop NFH complies with the current National Pollutant Discharge Elimination 

System (NPDES) permit standards. To avoid impacts to listed fish the fish screen is 

observed daily by Winthrop NFH personnel.  All fish entering the screen chamber are 

spilled into a concrete trough leading to a bypass channel, which leads back to the 

Methow River. 

 

SECTION 5.   FACILITIES 

 

5.1) Broodstock collection facilities (or methods). 

Eggs are currently obtained from the Wells FH as the eyed eggs and from adult steelhead 

captured in the Methow River at WNFH, in the vicinity of the hatchery and from the 

Foghorn Trap (upstream of the WNFH). 

 

Hatchery and natural origin adult summer steelhead will be collected in the Methow 

River with a combination of methods using trapping facilities at Foghorn Dam (though 

largely ineffective in it‟s current configuration), the adult ladder at WNFH, and hook and 

line angling.  Each method is described below in detail.  All fish selected for broodstock 

will be anesthetized, measured (FL), a fin clip for genetics taken, and tagged with both a 

numbered Floy tag and a 12 mm PIT tag and sorted into the upper part of the holding 

pond.   

 

Winthrop NFH Fish Ladder and Holding Pond 

Adults that enter WNFH, via the ladder, are held in one 10 foot x 100 foot x 4 foot deep 

concrete pond.  The adult pond is scheduled (2010) to be rehabilitated to include two 

ponds for holding and spawning purposes. The hatchery ladder will be provided with a 

minimum of 400 gpm of pumped ground water (or a mixture of river and ground water) 

and will be opened for fish passage from March through May.  The upper part of the 

holding pond will be divided to provide a separate area for holding broodstock.  Fish 

entering the hatchery will be sorted and enumerated by gender and rearing type (hatchery 

/ natural origin) once weekly.  The hatchery ladder will remain open throughout the adult 

return and natural origin fish collected in excess of broodstock needs will be returned to 

the river.   

 

Foghorn Dam. 

Though thought to be largely ineffective at collecting adult steelhead the existing adult 

trap in the Foghorn Dam fish ladder may be operated to allow adult steelhead to enter 

from March through May.  The actual number of days the trap is operated will vary 
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dependent upon the number of fish already collected for broodstock and river water 

levels which may render the trap inoperable.   

 

The trap is a reinforced concrete structure built alongside the upper end of the fish ladder. 

The trap consists of a holding area (3 m X 6 m), a V-trap entrance on the lower end and 

an aluminum picket barrier on the upper end. The trap cover is made up of 5 cm by 30.5 

cm planks held down by a locking steel pipe. Water level in the trap can be varied from 

0.6 m to 1.2 m and flows are adjustable by a gate valve on the upper end.  

 

The trap will be checked at least once daily by WNFH staff.  When a fish is present, it 

will be removed by dipnet and immediately transferred above Foghorn Dam or if needed 

for broodstock the fish will be placed in an anesthetic (MS-222; Tricaine 

Methanesulfonate) bath (80 mg / L) buffered with sodium bicarbonate (160 mg / L) for 

sedation and subsequent handling.  The total number of natural and hatchery origin fish 

will be enumerated on a daily basis as will the number of fish placed above Foghorn 

Dam. 

 

The development of a new weir and trap location, or improvements to the existing 

facilities at Foghorn Dam, is a new priority for this program and may be completed 

within the next 5 years. The new facility should have a minimum of 90 percent trapping 

efficiency in order to control the percentage of hatchery fish on the spawning grounds 

and to be effective at collecting wild fish for inclusion in the localized stock at WNFH.   

 

Angling 

Target areas will be on the Methow River in the vicinity of the Chewuch River 

confluence and up and downstream on the Methow River.  Angling effort will occur 

approximately one day per week with a crew of four to six anglers from March through 

May.  Daily catch per unit effort (CPUE) will be calculated for each angler and will be 

segregated by rearing type (hatchery or natural origin) as well as expressed as a total 

daily angler CPUE.  All angling will be conducted using artificial lures with single 

barbless hooks.  The crew will carry live tubes (8 inch PVC pipe with gates and 

ventilation holes) to place in the river for temporary holding if a fish is captured. Fish 

will be carefully transferred by rubber inner tubes containing river water to a fish truck.  

Transfer of fish from one vessel to another will utilize water to water transfer techniques.    

 

5.2)      Fish transportation equipment (description of pen, tank truck, or container 

used).  
Fish captured while angling will be placed in a “live tube” (8 inch PVC pipe with gates 

and ventilation holes) that is placed in the river for temporary holding. Fish will be 

carefully transferred by rubber inner tubes containing river water to a fish truck. The fish 

truck has a fiberglass tank (1500 L) containing aeration and oxygen.  The same fish truck 

will be used to transport fish captured at Foghorn Dam.  

 

5.3)      Broodstock holding and spawning facilities. 
All adults are held in a 10 foot x 100 foot x 4 foot deep reinforced concrete pond.  Adults 

are held at a maximum density of one fish per eight cubic-feet of rearing space and a flow 
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of 1 gpm per adult.  Pathogen-free well water supplies the pond.  A small spawning shed 

sits next to the holding pond.   

 

5.4) Incubation facilities. 

Eggs from each female will be placed in one of 220 available Heath trays inside 

the hatchery building.  Flow rates to each tray range from 2 to 4 gallons per 

minute (gpm).  Water source is 100% ground water throughout incubation, and 

temperatures are at 47 to 52  F.  Formalin treatments are not necessary during 

incubation. After the eggs are eyed, they are shocked and hand-picked and placed 

back into the Heath trays at one female per tray. 

 

5.5) Rearing facilities. 
Rearing units include 30 – 8 foot by 80 foot raceways, 16 – 12 foot by 100 foot 

raceways, 16 – Foster-Lucas ponds, and 34 start tanks.  Emergence occurs  from 

March (Wells stock) to July (local stock) when fry are moved from the trays to the 

start tanks in the hatchery building.  Total rearing space for the start tanks is 89 

cubic feet and flows are 15 to 20 gpm.  By the following October, all fry are 

moved to the 12 foot by 100 foot raceways. 

 

5.6) Acclimation/release facilities. 
All releases currently occur on station.  To encourage imprinting, river water is 

introduced at the fingerling stage in October or November.  Smolts are forced out 

of the above-mentioned raceways and ponds in mid-April.  Dam boards are pulled 

and the smolts travel through an underground pipe system, which empties at the 

base of the collection ladder.  The USFWS is currently working cooperatively 

with other parties (e.g. BOR, WDFW, YN) to develop additional acclimation and 

release facilities in the Upper Methow Basin.   

 

5.7)   Describe operational difficulties or disasters that led to significant fish 

mortality. 

A plugged inflow spray-arm led to the loss of approximately 20,000 fingerlings in 

1995.  The blockage was caused by a dead rainbow trout that entered the water 

system through the surface water intake.  A new rotary fish screen has since 

replaced the old screen system. 

5.8)   Indicate available back-up systems, and risk aversion measures that will be 

applied, that minimize the likelihood for the take of listed natural fish that 

may result from equipment failure, water loss, flooding, disease transmission, 

or other events that could lead to injury or mortality. 
The hatchery is staffed full-time, eight hours per day.  Three employees live in 

residential quarters on hatchery grounds.  The hatchery has a centrally located 

low-water alarm, which is connected to an automatic dialer.  If the dialer fails, a 

paging system engages and contacts employees up to five miles away.  A low 

water level switch also triggers a horn alarm to alert employees.  If power is lost 

to the facility, a back-up generator engages automatically to restore power. 
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SECTION 6.  BROODSTOCK ORIGIN AND IDENTITY  
Describe the origin and identity of broodstock used in the program, its ESA-listing 

status, annual collection goals, and relationship to wild fish of the same 

species/population. 
 

6.1)  Source. 

Eggs are currently obtained from the Wells FH at the eyed stage and from adult steelhead 

captured at WNFH, the Methow River in the vicinity of the hatchery, and from the 

Foghorn Trap. 

 

6.2)  Supporting information. 

6.2.1)  History. 

Steelhead eggs have been transferred to WNFH from the Wells FH program since 1995. 

In 2006, the Hatchery Review Team (USFWS 2007) recommended the development of a 

local steelhead broodstock in order to reduce genetic and ecological risks to natural origin 

steelhead in the upper Methow River. Winthrop NFH has been experimenting with adult 

collection methods and rearing methods to explore the feasibility of this recommendation. 

The late collection timing of the local stock creates challenges in terms of rearing 

steelhead smolts to size in one year, so the facility is experimenting with rearing 2-year 

smolts.   

 

6.2.2)  Annual size. 
Approximately 50 to 60 adult steelhead (30 pair) are needed for broodstock to meet the 

100,000 smolt goal.  When adequate adult collection facilities are available and pending 

co-manager consensus the annual release goal may increase to 200,000 two-yr old smolts 

released annually  See sections 1.8 and 1.11 for additional information.  

 

6.2.3)  Past and proposed level of natural fish in broodstock. 

 

Natural origin steelhead are collected by WDFW at Wells Dam and by USFWS in the 

Methow River.  To the extent possible (i.e. dependent on the abundance of NOS) fish 

programmed for release in the upper Methow River have in the past and will continue to 

target a pNOB of 0.5.  See section 1.8 and 1.11 for details concerning broodstock 

collection goals. 

 

6.2.4)  Genetic or ecological differences.  

 

The Wells stock summer steelhead is very similar to all steelhead stocks upstream of 

Wells Dam (C. Snow, WDFW pers. comm.).  This is likely due to the trapping and 

hatchery activities that have occurred at Wells Dam and the practice of compositing 

adults of Methow and Okanogan origin for use as broodstock. Initially, the WNFH local 

broodstock is expected to be the same as Wells stock, however over time the stock should 

become divergent to the Wells stock and develop some unique characteristics as the stock 

adapts to the upper Methow and WNFH.  
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6.2.5)  Reasons for choosing. 
 

See 6.2.4 

 

6.3)  Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic or ecological effects to listed natural fish that 

may occur as a result of broodstock selection practices. 

Hatchery origin adults volunteering to the WNFH hatchery ladder will be removed 

throughout the migration season to reduce pHOS as much as possible. One of the 

program goals is to transition the WNFH program from reliance on brood collection at 

Wells Dam to collection of local broodstock of upper Methow Basin/Chewuch River 

origin. This strategy should reduce genetic influence of the Wells stock on natural origin 

spawners over time.  See section 1.8 and 7.5 for additional information concerning 

management excess hatchery origin adults. 

 

SECTION 7.  BROODSTOCK COLLECTION 

 

7.1)  Life-history stage to be collected (adults, eggs, or juveniles). 

Adults only. 

 

7.2) Collection or sampling design. 
Winthrop NFH broodstock collection will focus on collecting broodstock from fish 

returning to the upper Methow River through the use of the fish ladder and trap at 

WNFH, Foghorn Dam and angling in the vicinity of the Methow River and the 

confluence with the Chewuch River (see section 5.1).  The progeny of brood collected in 

the Methow River will be reared and released as 2-year smolts.  Broodstock will also be 

collected by WDFW at Wells Dam and Wells FH the progeny of which will be reared 

and released as 1-year smolts.  The number and origin of broodstock to be collected is 

detailed in Table 4.  It is anticipated (pending the results of a proposed study, see Section 

12 and Appendix A) that the WNFH program will adopt a 2-year rearing cycle and will 

collect broodstock solely from the Upper Methow River.  In all cases, an attempt will be 

made to collect broodstock from the full spectrum of the run. The number of natural 

origin fish incorporated into the hatchery program will not exceed 35% of the natural 

origin run as determined by fish counts at Wells Dam.  An attempt will be made to collect 

broodstock to support mating each hatchery origin fish with a natural origin fish.   

 

7.3) Identity. 
Hatchery origin broodstock are identified with an adipose fin clip, coded wire tag, and/or 

an elastomer tag (VIE).  Natural origin broodstock are identified by the presence of an 

adipose fin, no CWT or VIE, and verified by scale pattern. 

 

7.4)  Proposed number to be collected: 

 

 7.4.1) Program goal (assuming 1:1 sex ratio for adults): 

Approximately 60 adults are needed to secure program goals at a release goal of 100,000 

yearling smolts.  If the program release goal is increased to 200,000 yearling smolts then 
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the broodstock collection goals will increase accordingly.  Please see section 1.8 for more 

information. 

 

7.4.2) Broodstock collection levels for the last twelve years (e.g. 1988-99), or 

for most recent years available: 

Progeny reared in this program have in the past, been dependent on WDFW brood 

collection activities at Wells Dam and Wells Fish Hatchery (see Table 5).  The offspring 

from these collections (that were intended for the WNFH program) were transferred to 

WNFH as eyed eggs or fry.  In BY 2008 (14 HOS) and 2009 (9 HOS, 5 NOS) a small 

number of local Methow River broodstock were collected for initiation and evaluation of 

a new two-year smolt rearing program. 

 

7.5) Disposition of hatchery-origin fish collected in surplus of broodstock needs. 

All hatchery origin/adipose fin clipped adults collected in surplus of broodstock needs 

will be dispatched and provided to local Native American tribes for ceremonial and 

subsistence purposes or to local food banks. If HOS are needed to meet abundance or 

pHOS goals hatchery adults may be returned to the Methow River (before excessing 

activities would occur) and allowed to spawn in the wild.  Another potential use for 

excess hatchery fish that may be considered is use in nutrient enhancement programs in 

the Methow or Okanogan River basins.  Excess natural origin adults will be immediately 

returned to the Methow River.   

7.6) Fish transportation and holding methods. 
A fish truck with a fiberglass tank (1500 L) with oxygen aerated river water will be used 

to transfer fish captured from either angling sites or at the Foghorn Dam trap.   

 

7.7) Describe fish health maintenance and sanitation procedures applied. 

Fish health services are provided by staff from the Service‟s Olympia Fish Health Center 

(OFHC) which is a full service aquatic health facility capable of monitoring, diagnostics, 

and certification procedures that meet or exceed all national, international, IHOT or co-

manager requirements.   

 

 Adults are treated 3 days per week with formalin (200 mg/L) to prevent fungus. All 

equipment is disinfected between spawning days and/or fish hauling. 

 

7.8) Disposition of carcasses. 
Carcasses from adults exposed to chemical anesthetic and spawned are disposed in an 

earthen pit at WNFH.   

 

7.9)   Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic or ecological effects to listed natural fish 

resulting from the broodstock collection program. 
The risk of fish disease amplification will be minimized by following co-manager Fish 

Health Policy sanitation and fish health maintenance and monitoring guidelines.  Adult 

hatchery origin steelhead with an adipose fin clip and/or coded wire tag captured in the 

adult holding ponds in excess to broodstock needs will be surplused to local Native 

American tribes for ceremonial and subsistence purposes or other appropriate options 
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(see Section 7.5).  Excess natural origin adults will be released into the Methow River.  

The number of naturally produced fish incorporated into the broodstock will not exceed 

35% of the estimated natural population abundance. An attempt will be made to collect 

broodstock to support mating each hatchery origin fish with a natural origin fish.   
 

SECTION 8.  MATING 

Describe fish mating procedures that will be used, including those applied to meet 

performance indicators identified previously. 

 

8.1)  Selection method. 
Each hatchery origin steelhead will be crossed with a natural origin steelhead if possible. 

 

8.2)  Males. 
Natural origin males can be live spawned and used twice if necessary to help meet the 

pNOB objective. Backup males will only be used when a problem is noticed with the milt 

(blood, water, etc.). 

 

8.3)  Fertilization. 
Since the effective number of breeders is relatively small, a factorial mating procedure 

will be developed where the gametes from each female will be split and fertilized by two 

different males to increase the overall diversity of the population.  

 

8.4)  Cryopreserved gametes. 

Not used. 

 

8.5)   Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic or ecological effects to listed natural fish 

resulting from the mating scheme. 

The number of naturally produced fish incorporated into the broodstock will not exceed 

35% of the estimated natural population abundance. An attempt will be made to collect 

broodstock to support mating each hatchery origin fish with a natural origin fish to reduce 

genetic and domestication risks to the population.   

 

SECTION 9.  INCUBATION AND REARING - 

Specify any management goals (e.g. “egg to smolt survival”) that the hatchery is 

currently operating under for the hatchery stock in the appropriate sections below.  

Provide data on the success of meeting the desired hatchery goals.  

Survival goals for green egg to fry and fry to smolt are 95% each (IHOT 1995). 

 



 

55 

 

9.1)  Incubation: 

9.1.1)  Number of eggs taken and survival rates to eye-up and/or ponding.  

Table 24.  Number of eggs received (from Wells FH) for yearling smolt production and 

survival rates to ponding, 1995 to 2008. 

Year 
Eyed Eggs Received Survival Rate to Ponding (%) 

1995 115,000 97.9 

1996 99,947 juveniles received Not applicable 

1997 0 Not applicable 

1998 137,500 99.2 

1999 120,168 98.1 

2000 109,126 96.9 

2001 155,743 98.9 

2002 125,000 98.9 

2003 126,000 95.0 

2004 120,000 fry n/a 

2005 107,000 99.8 

2006 129,000 99.8 

2007 124,000 96.4 

2008 112,000 97.1 

 

Table 25.  Number of eggs taken for the 2-year smolt program and survival rates to 

ponding, 2008 to 2009. 

Brood Year 
# Eggs Taken % Eye-up %Eyed to Ponding 

2008 31,000 98 99 

2009 45,292 96 NA 

 

 

9.1.2) Cause for, and disposition of surplus egg takes. 

Not applicable. 

 

9.1.3)  Loading densities applied during incubation. 
Egg size averages 4,250 eggs/lb.  Standard incubator flows are 2 to 4 gpm and are loaded 

at 5,000 to 6,000 (1 female) eggs per incubation tray (Heath type). 

 

9.1.4) Incubation conditions. 
All steelhead eggs are incubated on 100% ground water. This water source is free of silt, 

does not create fungus problems, and provides temperatures in the 47 to 52 ˚F range 

during incubation. Dissolved oxygen is also relatively constant at 9 ppm on the inflow 

and not less than 8 ppm at the outflow. It is not necessary to use formalin during 

incubation since saprolegnia fungus and silt have not been a problem. A chiller unit will 

be installed to help slow development of 2-year smolt program steelhead. 

 

9.1.5) Ponding. 

Steelhead are fully buttoned-up at about 1,000 Daily Temperature Units (DTU) and are 

placed into rearing units at this time.  Swim-up fry average 1.0 to 1.1 inches (2,300 to 

2,600 fish/lb).  Density indices are kept below 0.25 lbs/cu.ft./inch during early rearing. 
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9.1.6)  Fish health maintenance and monitoring. 
Disease monitoring is accomplished through daily observations by hatchery staff and 

monthly monitoring by fish health biologists/pathologists from the OFHC. 

 

Any abnormal situations observed by hatchery personnel are called to the attention of the 

OFHC, which performs diagnostic and confirmatory clinical tests before recommending 

appropriate treatments.  Treatment procedures may include environmental manipulation 

to control stresses and enhance the fish‟s ability to recover from infectious agents and/or 

appropriate chemicals or antibiotics.  Antibiotics and chemicals that are registered for 

fish disease treatments are applied as per labeled instructions.  Other therapeutic drugs 

and chemicals may be applied through appropriate INAD permits or by allowable extra-

label prescription by staff Veterinary Medical Officer or local veterinarian. 

 

Mild cases of coagulated yolk (White Spot) are sometimes present but have been 

insignificant in terms of losses.  Dead eggs are removed by hand at the eyed stage or by a 

mechanical egg sorting machine in instances where mortality is higher than normal 

(>5%). 

 

9.1.7)  Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic and ecological effects to listed fish during incubation. 

See above. 

      

9.2) Rearing:   
9.2.1) Provide survival rate data (average program performance) by hatchery 

life stage (fry to fingerling; fingerling to smolt) for the most recent twelve 

years available.  
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Table 26.  Percent survival estimates for juvenile steelhead, WNFH, 1995 to 2007. 

Brood Year 
Fry to Fingerling (%) Fingerling to Smolt (%) 

1995 72 

(water supply failure) 

99.8 

1996 NA 

(received as fingerlings) 

99.9 

1997 NA 

(no SST received this year) 

NA 

1998 97.8 97.2 

1999 94.8 99.1 

2000 99.2 99.3 

2001 97.2 97.7 

2002 98.7 99.2 

2003 98.6 97.2 

2004 97.8 94.0 

2005 96.5 99.5 

2006 95.7 99.5 

2007 99.7 98.1 

 

Table 27.  Percent survival estimates for juvenile summer steelhead reared for a 2 year 

smolt program, WNFH, 2008. 

Brood Year 
Fry to Fingerling (%) Fingerling to Smolt (%) 

2008 96 NA 

 

9.2.2)  Density and loading criteria (goals and actual levels). 
Winthrop NFH maintains density indices at or below the goal of 0.25 lbs/cu.ft./inch for 

early rearing (fry stage) and 0.20 lbs/cu.ft./inch for later rearing (fingerling to smolt 

stage).  Density index goals are similar between both the one and two year smolt rearing 

cycles.  

 

9.2.3) Fish rearing conditions  

All steelhead are reared on 100% ground water for the first nine to ten months, if 

possible.  Dissolved oxygen is periodically measured with a calibrated YSI digital meter 

and probe, and is normally 9 to 10 ppm at the inflow and 8 to 9 ppm at the outflow of all 

rearing units.  Surface water is mixed with ground water during the last 5 to 6 months of 

rearing, gradually increasing the percentage of surface water until release. The DO of 

surface water is normally at or near saturation at the given temperature.  Thermographs 

are constantly monitoring temperature of the water sources and weekly temperatures are 

also taken at each group of rearing units. Ground water temperatures are quite constant 

with a small range of 47 to 52 ˚F. Surface water temperatures are directly affected by air 

temperatures and can vary significantly during each day and throughout the differing 

seasons. Water temperatures can range from as low as 33˚F in December to as high as 

67˚F in August.  Total gas pressure has only been measured when suspected 
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supersaturation problems occur. Low water levels in ground water wells sometimes 

create cavitation problems with the well pumps and can produce total gas pressures as 

high as 105 to 108 percent saturation. These problems have caused only very minor 

mortality. The few gas saturation problems that occurred here have been solved by 

strategies such as adding screens to increase spray and nitrogen dissipation and shutting 

pumps down periodically to allow the wells to recharge for a number of days.   

 

9.2.4) Indicate biweekly or monthly fish growth information (average 

program performance), including length, weight, and condition factor data 

collected during rearing, if available. 

 

Table 28.  Monthly average program performance for WNFH one year steelhead smolt 

rearing cycle broodyears 1995 to 2007. 

Date            

(end of mo.) 

Mean  

Length (mm) 

Mean 

Weight (g) 

Mean 

Cond. (K) 

Ave Growth 

(mm) 

March 31 29 0.22 0.89 Start 

April 30 39 0.51 0.88 9.48 

May 31 46 0.92 0.90 6.84 

June 30 57 1.83 0.96 11.34 

July 31 69 3.39 1.01 12.49 

August 31 86 6.38 1.00 16.48 

September 30 103 11.08 0.99 17.41 

October 31 119 17.22 1.00 15.86 

November 30 136 24.80 0.98 16.81 

December 31 151 34.11 0.99 15.38 

January 31 167 45.49 0.97 16.04 

February 28 176 53.62 0.99 8.51 

March 31 191 68.94 1.00 14.84 

April 30 199 74.71 0.95 8.45 

 

Growth rates in the new two-year smolt rearing program are expected to more closely 

mimic those of naturally produced steelhead in the Methow Basin.  In this program 

growth will not be accelerated during the first year as it is in the one-year smolt program.  

At age-1 juveniles in the 2-year program are expected to be 40 -50 fish per pound and by 

the following fall they should be in the 10-15 fish per pound range.  Winter growth is 

expected to be minimal due to the cold temperatures seen in the Methow Basin during 

this time period.  As temperatures increase in early spring feeding and growth will be 

managed to attain a similar size at release as the one year program (5-6 fish per pound).  

The size and growth of juveniles in both the one and two year smolt rearing programs 

will be monitored and compared to each other as part of the attached research proposal 

(Appendix A).   
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9.2.5)  Indicate monthly fish growth rate and energy reserve data (average 

program performance), if available. 

Fish are generally checked for fat content on a monthly basis.  A qualitative scale of 1 to 

5 is used to quantify visceral fat levels, 1 is the minimum and 5 is an excessive fat level.  

Fat content generally begins to increase from a level 1 or 2 in the summer, to a level 3 or 

4 in the fall as days become shorter and water temperatures drop.  Cold-water 

temperatures, from use of river water in the winter, generally maintain these moderate fat 

levels throughout the winter.  Feed levels are increased in the spring in order to put fish 

on a positive growth rate prior to release. See Table 28 for growth rate data.   

 

9.2.6)  Indicate food type used, daily application schedule, feeding rate range 

(e.g.  % B.W./day and lbs/gpm inflow), and estimates of total food conversion 

efficiency during rearing (average program performance). 

Both the 1- and 2-year smolt programs are fed Bio-Oregon's Bio-Vita dry feed.  The 1-

year program begins at 2% BWD and then increased up to 3% BWD in an effort to 

maximize growth.  After initial ponding, these fish are fed eight times daily and then 

gradually reduced down to a minimum of four feeds daily till release.  Following indoor 

early rearing fish are transferred to outdoor raceways, where 1-year program fish are fed 

as much feed as possible in order to meet the targeted release size. Total feed conversions 

for yearling smolts in release year's 2007, 2008, and 2009 were 0.77, 0.92 , 0.87, 

respectively.  The 2-year program begins at 2% BWD and then is gradually reduced to 

1% BWD in an effort to control growth till the final spring when feed amounts are 

adjusted to meet the targeted release size.  Following initial ponding, these fish are fed 

eight times daily and then gradually reduced down to two feeds daily till release.  Total 

feed conversion thus far for the BY08 group is 0.88 after thirteen months of rearing.     

   

Table 29.  Average program performance (all mean values), feeding and food 

conversion,WNFH.  

Month lbs. 

Feed/100K 

Fish 

% Body 

Weight 

Feed 

Conversion 

Fish 

per lb 

Temperature 

(F) 

April 49 2.0 0.8 895 47.0 

May 133 2.5 0.9 671 47.6 

June 201 1.9 1.1 292 48.0 

July 285 1.3 0.8 146 51.0 

August 610 1.4 1.0 76 52.0 

September 944 1.3 1.1 45 52.0 

October 1,236 1.1 1.0 29 49.8 

November 1,700 1.1 1.0 19 47.9 

December 1,975 0.9 0.9 14 45.9 

January 2,498 0.8 1.0 10 44.8 

February 2,033 0.6 1.1 9 43.0 

March 3,274 0.7 1.0 7 46.0 

April 4,133 1.1 2.0 6 46.6 
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Table 30.  Average program performance, feeding and food conversion, for 2-year smolt 

program at WNFH, broodyear 2008.  

Month lbs. 

Feed/29K 

Fish 

% Body 

Weight 

Feed 

Conversion 

Fish 

per lb 

Temperature 

(F) 

June  2 2.0 1.0 1750 48.0 

July 31 3.2 1.1 667 51.0 

August 34 1.6 0.7 321 52.0 

September 60 1.7 1.1 199 52.0 

October 74 1.3 1.0 132 49.8 

November 65 0.9 1.6 112 47.9 

December 26 0.3 0.5 93 45.9 

January 23 0.2 3.1 91 44.8 

February 40 0.4 1.5 84 43.0 

March 97 0.9 1.1 67 46.0 

April 156 1.0 0.8 46 46.6 

 

 9.2.7)  Fish health monitoring, disease treatment, and sanitation procedures. 

Disease monitoring is accomplished by daily visual observations by hatchery staff and 

once monthly monitoring by fish health biologists/pathologists from the OFHC.  At least 

three weeks prior to release, all smolt lots are tested for reportable pathogens at the 5% 

assumed pathogen prevalence level.  All test records and results are on file at the 

Olympia Fish Health Center.    

 

Any abnormal situations observed by hatchery personnel are called to the attention of the 

OFHC, which performs diagnostic and confirmatory clinical tests before recommending 

appropriate treatments.  Treatment procedures may include environmental manipulation 

to control stresses and enhance the fish's natural ability to recovery from infectious agents 

and/or appropriate chemicals or antibiotics.  Antibiotics and chemicals that are registered 

for fish disease treatments are applied as per labeled instructions.  Other therapeutic drugs 

and chemicals may be applied through appropriate INAD permits or by allowable extra-

label prescription by staff Veterinary Medical Officer or local Veterinarian.   

During the rearing period, fish culture equipment is rinsed in disinfectant following use in 

each pond.  Bird exclusion devices are used on all rearing units to minimize the spread of 

disease through bird predation.   

 9.2.8)  Smolt development indices (e.g. gill ATPase activity), if applicable.  
Not applicable. 

 

 9.2.9)  Indicate the use of "natural" rearing methods as applied in the 

program. 
“Natural” rearing methods are not applied in the program. Program steelhead are reared 

using conventional hatchery methods.  All outdoor ponds are covered with shade cloth 

and bird netting.   
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9.2.10)  Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic and ecological effects to listed fish under 

propagation.   
The rearing program is arranged to achieve smoltification in the spring following the 

fingerling stage.  With the rapid growth of the one year program, feeding is carefully 

controlled to avoid excessive variation in sizes and at the same time reach a size range at 

which maximum smoltification will occur. 

 

SECTION 10.   RELEASE 

Describe fish release levels, and release practices applied through the hatchery 

program.   

Proposed fish release levels: As the local broodstock is developed and on the condition 

that a new (or renovated) weir-trapping site is in place, the goal will be to increase 

steelhead production to 200,000 in order to increase the effective population size in the 

broodstock (100 adults vs. 50 at present) - although this is not expected to occur within 

the next five years.  Until a new weir-trap is in place, the program will remain at a 

100,000 smolt release goal. 

 

10.1) Proposed fish release levels.  

Age Class Maximum Number Size (fpp) Release Date Location 

Eggs 0    

Unfed Fry 0    

Fry 0    

Fingerling 0    

Yearling 200,000† 5 - 10 April 15-30 Methow River 

 

† The current release goal is 100,000 smolts, planned changes include a transition to a 

release goal of 200,000 smolts.  This change is dependent on the development of a local 

(Methow River) broodstock, construction of a weir for adult management and subsequent 

co-manager coordination and approval.  See section 1.8, 1.11.1 and 10 for additional 

information 

 

10.2) Specific location(s) of proposed release(s). 
Stream, river, or watercourse: Methow River (WRIA 48) 

 Release point: Rm 50.4 

 Major watershed: Columbia River 

 Basin or Region: Upper Columbia Basin 

After means of controlling the overescapement of HOR is in place (and has demonstrated 

success), the USFWS anticipates switching to the release of WNFH steelhead at yet to be 

developed acclimation sites in the Upper Methow River basin.  The USFWS is actively 

working with other co-managers, DPUD, BOR, and BPA to develop overwinter 

acclimation sites that could be used for the acclimation and release of multiple species 
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(coho salmon, spring Chinook salmon, and summer steelhead) in the Upper Methow 

basin. 

 

10.3) Actual numbers and sizes of fish released by age class through the program. 

Release 

year 
Eggs/ Unfed 

Fry Avg size Fry Avg size Fingerling Avg size Yearling Avg size 

1998       NA NA 

1999       112,908 6.8 

2000       105,510 5.5 

2001       98,834 5.5 

2002       150,488 5.8 

2003       119,370 6.5 

2004       114,713 6.5 

2005       110,368 8.2 

2006       102,600 5.9 

2007       122,515 8.0 

2008       116,897 7.2 

2009       102,418 6.5 

Average       114,238 6.6 

Data source: Hatchery records. 
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10.4) Actual dates of release and description of release protocols. 

Migration 
Year 

Release Date 

Type Release 

Life Stage Release Site 

1999 April 14 –  

May 22 

Volitional/ 

Remaining 

trucked and 

forced 

Yearling/smolt Methow River at 

Winthrop, and Methow 

River at rm 8 

2000 April 10 – 

May 22 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2001 April 11 – 

April 30 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2002 April 15 – 

April 30 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2003 April 16 – 

April 28 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2004 April 14 – 

April 28 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2005 April 7 – 

April 29 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2006 April 20 –  

April 28 

Volitional/ 

Remaining forced 

Yearling/smolt Methow River at Winthrop 

2007 April 30 Forced Yearling/smolt Methow River at Winthrop 

2008 May 7 Forced Yearling/smolt Methow River at Winthrop 

2009 April 21 Forced Yearling/smolt Methow River at Winthrop 

 

Volitional release methods were used until data from a volitional vs. forced release study 

conducted at WNFH was available in 2007. Study results showed no significant 

difference in forced and volitional release strategies in terms of downstream migration 

and survival to the lower Columbia River (Gale et al. 2009).  In the future volitional 

release may be used as a means to selectively release active downstream migrants and 

reduce residualisim rates.  Indeed volitional release is a demonstrated means of reducing 

instream residualisim (Viola and Schuck, 1995).  Adoption of volitional release is 

dependent on determining an appropriate outlet for those juveniles that remain following 

the release period (putative non-migrants).  Potential options include use in resident 

rainbow trout fisheries in lakes or ponds outside of the Columbia River basin.   

10.5) Fish transportation procedures, if applicable. 
Steelhead are not transported off station for release.  

 

10.6) Acclimation procedures.  
At this time, all acclimation occurs at WNFH.  Fish are reared on 100% ground water for 

the first 9 to 10 months of the 14-month rearing cycle, if possible. River water is 

gradually introduced after that time period. The percentage of river water is gradually 

increased each month to a final mixture of about 80% river water and 20% ground water 

for at least the last two months of rearing.   

 



 

64 

 

10.7)  Marks applied, and proportions of the total hatchery population marked, to 

identify hatchery adults. 
All fish will receive an adipose fin clip and a CWT.  A minimum of 5,000 in each the 1-

year and 2-year smolt groups will be implanted with a PIT tag.   

 

10.8) Disposition plans for fish identified at the time of release as surplus to 

programmed or approved levels. 

Release goals are rarely exceeded as egg numbers are adjusted prior to hatching so as not 

to exceed approved release goals.  Winthrop NFH does not have the capability (space or 

water) to rear surplus steelhead to the smolt stage.  

 

10.9) Fish health certification procedures applied pre-release. 

Sixty fish from all juvenile lots are sampled and tested for reportable bacterial and viral 

pathogens with methods that meet or exceed all national, international, IHOT or co-

manager requirements.  Monthly monitoring of juveniles for parasites, gill, internal organ 

and overall condition continues until release. 

 

10.10) Emergency release procedures in response to flooding or water system 

failure. 

Emergency releases would occur only when no other choices are available. National 

Marine Fisheries Service must be contacted within 24 hours after the release. In the case 

of an emergency release, non-listed coho salmon would released first, listed summer 

steelhead and listed spring Chinook salmon would be retained on station for as long as 

possible. 

 

10.11)  Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic and ecological effects to listed fish resulting 

from fish releases.  

All releases of steelhead occur when fish are fully smolted in mid to late April. Releases 

are normally timed with rising river conditions which facilitates rapid movement of  

steelhead out of the Methow River basin.  Steelhead released from this facility do not stay 

around the point of release for more than 24 hours following a release.  Sonar equipment 

at Wells Dam, the first dam about 60 miles below WNFH, usually detects large schools 

of WNFH program fish within 24 hours of release time. Passive Integrated Transponders 

(PIT) verify this swift movement with detections at Rocky Reach Dam shortly thereafter. 

Very few residual fish, generally less than a hundred, are observed at the hatchery outfall 

for any length of time following a release.  
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SECTION 11.  MONITORING AND EVALUATION OF 

PERFORMANCE INDICATORS 

 

 

11.1)  Monitoring and evaluation of “Performance Indicators” presented in Section 

1.10. 

 

11.1.1)   Describe plans and methods proposed to collect data necessary to 

respond to each “Performance Indicator” identified for the program. 

 

Monitoring and evaluation of many of the aforementioned performance indicators are 

currently conducted by WDFW as part of DCPUD funded programs at Methow (spring 

Chinook) and Wells (steelhead) Hatcheries.  This is largely due to the timing and nature 

of how programs at Wells Hatchery and WNFH were developed.  Attached (Appendix B) 

is the latest DCPUD Monitoring and Evaluation Plan for the Methow Basin.  Because of 

the numerous changes occurring to both USFWS and DCPUD steelhead programs in the 

Methow Basin, there is an identified need to develop a single cohesive M&E Plan that 

addresses the needs of both USFWS and WDFW (DCPUD funded) programs and that 

incorporates the programmatic changes proposed in this and other forthcoming HGMPs.  

Using the framework provided in the existing DCPUD M&E Plan the USFWS will 

develop a new M&E plan for WNFH that addresses all of the performance indicators and 

programmatic changes discussed in this HGMP.   We (USFWS) anticipate that much of 

this M&E will continue to be conducted by WDFW and we will continue to work 

cooperatively within the Wells HCP framework to ensure that changes at all of the 

Methow Basin hatchery programs are addressed by the appropriate parties.  This effort 

may entail an increased M&E responsibility for the USFWS as changes at the Wells Fish 

Hatchery and WNFH are realized.    

 

The USFWS and WDFW as the two hatchery operators in the Methow Basin, are 

working cooperatively with other parties working in the Methow basin (e.g. USGS, BOR, 

Wild Fish Conservancy) to  enable improved coordination between research and 

monitoring projects evaluating habitat restoration and the research, monitoring and 

evaluation efforts associated with hatchery programs.  The attached research proposal 

(Appendix A; see also section 12) is an example of these coordination efforts.   

 

Legal Mandates 
 Performance Indicator 1: 

- Ensure, when possible, that production numbers meet those negotiated 

through U.S. v. Oregon. 

- Estimate WNFH‟s contribution to harvest through CWT recoveries. 

 

 Performance Indicator 2: 

- ESA consultations under Section 7 and 10 have been submitted and accepted.  

Modifications to existing BA‟s are completed to cover any program changes. 
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Harvest 

Performance Indicators 3a – 3c: 

- Estimate number of fish harvested through CWT recoveries. 

- Mark production sufficiently to obtain statistically valid evaluation data.  

Current production is 100% marked.   

-  

Conservation of Wild/Naturally Spawning Populations 

Performance Indicator 4: 

- Estimate contribution to natural spawning through a combination of methods 

including; redd surveys (conducted annually by WDFW, see Appendix X), 

escapement counts (at mainstem and tributary sites such as Wells dam, Twisp 

weir, etc.,) and juvenile monitoring.     
 

Life History Characteristics 

Performance Indicators 5 – 8: 

- Release numbers do not exceed mitigated requirement or level stated in 

hatchery BiOp. 

- Ensure release dates coincide with wild fish migration timing. 

- Smolts are released during or just prior to smoltification, which promotes a 

rapid migration. 

- Estimate travel time and survival through the Columbia corridor using data 

obtained from PIT tag detections at tributary and Columbia river PIT tag 

arrays. 

- Bio-sample all returning adults at the hatchery.  Produce annual report 

covering life history characteristics of the hatchery population. 

- Hatchery brood is comprised of adults volunteering into the facility or hook-

and-line angling. Ladder is open throughout the run to cover the full spectrum 

of the return. 

- Because of the rarity of natural origin adults entering the holding ponds, the 

collection of brood at WNFH should not affect natural production in the basin. 

NOR adults captured by hook-and-line angling are within permitted levels. 

 

Genetic Characteristics  

Performance Indicators 9 – 11: 

- Juveniles are acclimated and released directly from the hatchery to promote 

homing back to the facility.  

- Mark juveniles sufficiently to obtain valid stray-rate estimates. 

- Stray rates are calculated through CWT recoveries on the natural spawning 

grounds. 

- Estimate optimal release time using historical emigration data and hatchery 

records. 
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- As in years past, continue to take tissue samples from the hatchery population 

for genetic comparison to the “natural” population. 

- Continue to obtain and utilize adults taken from throughout the entire 

spectrum of the run. 

- If allowed, remove all hatchery adults entering the facility in excess of brood 

needs.  

 

Research Activities 

Performance Indicator 12: 

- Promote and conduct experiments as stated in the NMFS BiOp, when feasible.  

Study designs are peer reviewed when applicable. 

- Annual reports are prepared covering bio-sampling of hatchery adults, return 

estimates by brood year, harvest, and stray rates. 

 

Operation of Artificial Production Facilities 

 Performance Indicators 13 – 17: 

 

- Produce annual reports indicating level of compliance with applicable 

standards and criteria. 

- Effluent is monitored weekly to ensure compliance with NPDES guidelines. 

- Conduct monthly fish health monitoring and a pre-release examination.  

Adherence to regional fish health protocols is strictly maintained. 

- Ensure rearing densities are within designated ranges. 

- Release juveniles at size ranges as stated in IHOT, 1995. 

- Water delivery system is in compliance with applicable standards.  

 

11.1.2)   Indicate whether funding, staffing, and other support logistics are 

available or committed to allow implementation of the monitoring and 

evaluation program.  
Current funding fully supports the evaluation program as it is currently conducted.  The 

BOR has in the past been supportive of funding needed monitoring and evaluation 

efforts. 

 

11.2) Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse genetic and ecological effects to listed fish resulting 

from monitoring and evaluation activities. 

Hatchery monitoring and research activities that may lead to take include adult 

enumeration, genetic sampling, smolt trapping, juvenile snorkel surveys, stock 

assessment, and spawning surveys.  In the past, these activities have been largely 

conducted by WDFW as part of the monitoring and evaluation of steelhead hatchery 

programs for Wells HCP (DCPUD).  The WDFW, and DCPUD have implemented a 

number of measures to minimize deleterious effects to listed species including the 

appropriate measures to minimize the stress of handling (e.g. anesthesia, water to water 

transfers, etc.), restrictions to the timing and conditions for when fish handling can occur 
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(e.g. water temperatures ≥ 21°C would preclude handling), and restrictions to minimize 

disturbances to naturally spawning fish and their redds.  Additional detail concerning 

measures put in place by WDFW and DCPUD can be found in the HGMP for the 

Methow and Wells summer steelhead program. 

 

SECTION 12.  RESEARCH 

 

12.1)  Objective or purpose. 
The goal of this research project will be to compare the effectiveness of rearing WNFH 

summer steelhead in a two-year rearing program as opposed to the standard one-year 

smolt rearing cycle.  Adoption of a two-year rearing program would allow WNFH to 

release fish developmentally similar to wild Methow River summer steelhead.  

Furthermore, because of the timing of spawning and the low winter temperatures seen in 

the Methow Basin, a 2-year rearing program is likely a necessity if WNFH is to fully 

transition to a local Methow River broodstock and still release juveniles prepared to 

actively emigrate (smolt) out of the basin.  This study will be used to determine the 

effectiveness of this new rearing program prior to a full transition to a two-year rearing 

cycle.  The attached research proposal (Appendix A) outlines the objectives, methods and 

expected products from this new study.  This proposal is being prepared for submission 

to Bonneville Power Administration (BPA) for funding beginning in the 2010 funding 

cycle.  If BPA funding is not obtained, the hatchery portion of this study will still be 

conducted though at a considerably smaller scale using existing NOAA, BOR, and 

USFWS resources.   

 

12.2)  Cooperating and funding agencies. 

Bonneville Power Administration, BOR, USFWS, NOAA. 

 

12.3)  Principle investigator or project supervisor and staff. 
Barry Berejikian, NOAA (Principal Investigator) 

Donald Larsen NOAA (Cooperator) 

Brian Beckman, NOAA (Cooperator) 

Penny Swanson, NOAA (Cooperator) 

Chris Tatara, NOAA (Cooperator) 

William Gale, USFWS (Cooperator) 

Chris Pasley, USFWS (Cooperator) 

Pat Connolly USGS (Cooperator) 

 

12.4)   Status of stock, particularly the group affected by project, if different than 

the stock(s) described in Section 2.   
 

12.5)  Techniques:  include capture methods, drugs, samples collected, tags applied. 

See attached draft version of a proposal to be submitted to BPA for funding (Appendix 

A).   
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12.6)  Dates or time period in which research activity occurs. 
This study will initially occur at a pilot scale (2010) with the full study beginning with 

brood year 2011.  The last release of fish in this study will occur in the spring of 2015.   

 

12.7)  Care and maintenance of live fish or eggs, holding duration, transport 

methods. 
See attached draft version of a proposal to be submitted to BPA for funding (Appendix 

A).   

 

12.8)  Expected type and effects of take and potential for injury or mortality. 

Any take associated with this study will be confined to summer steelhead of WNFH 

hatchery origin.  Most take will occur prior to release from the hatchery, with the 

exception of residual hatchery steelhead smolts sampled in the Methow River.  In the first 

year of the study (pilot scale evaluation) fish from brood year 2010 will be lethally 

sampled by NOAA staff to evaluate various physiological indicators of smolt and /or 

gonadal development.  In the following years fish will be transferred as eyed eggs to 

NOAA laboratories at Manchester and/or Montlake.  Transferred fish will be reared in 

either a one or two year rearing cycle, and used as a laboratory comparison to data 

collected from the one and two year rearing programs at WNFH.  Fish transferred off 

station will be lethally sampled and will not be returned to WNFH for later rearing or 

release.  Fish implanted with PIT tags for post-release monitoring are not expected to 

suffer mortality.   
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12.9)  Level of take of listed fish:  number or range of fish handled, injured, or killed 

by sex, age, or size, if not already indicated in Section 2 and the attached “take 

table” (Table 1). 

 

Brood 

Year 

Take 

Level 

Life stage Comments 

2010 600 Juvenile / 

Smolt 

Lethally sampled (at WNFH) prior to release for 

physiological indicators of development. 

2011 5,000 Eyed eggs Fish transferred to NOAA for laboratory analysis. 

 900 Juvenile / 

Smolt 

Lethally sampled (at WNFH) prior to release for 

physiological indicators of development. 

 Up to 

500 

Juvenile / 

Smolt 

Residual hatchery fish lethally sampled from 

Methow River for physiological indicators of 

development 

 10,000 Juvenile / 

Smolt 

Nonlethal implantation with PIT tags and 

subsample (by fin clip) of 1,000 fish for genetic sex 

determination. 

2012 5,000 Eyed eggs Fish transferred to NOAA for laboratory analysis. 

 900 Juvenile / 

Smolt 

Lethally sampled (at WNFH) prior to release for 

physiological indicators of development. 

 Up to 

500 

Juvenile / 

Smolt 

Residual hatchery fish lethally sampled from 

Methow River for physiological indicators of 

development 

 20,000 Juvenile / 

Smolt 

Nonlethal implantation with PIT tags and 

subsample (by fin clip) of 2,000 fish for genetic sex 

determination. 

2013 5,000 Eyed eggs Fish transferred to NOAA for laboratory analysis. 

 900 Juvenile / 

Smolt 

Lethally sampled (at WNFH) prior to release for 

physiological indicators of development. 

 Up to 

500 

Juvenile / 

Smolt 

Residual hatchery fish lethally sampled from 

Methow River for physiological indicators of 

development 

 20,000 Juvenile / 

Smolt 

Nonlethal implantation with PIT tags and 

subsample (by fin clip) of 2,000 fish for genetic sex 

determination. 

2014 5,000 Eyed eggs Fish transferred to NOAA for laboratory analysis. 

 900 Juvenile / 

Smolt 

Lethally sampled (at WNFH) prior to release for 

physiological indicators of development. 

 Up to 

500 

Juvenile / 

Smolt 

Residual hatchery fish lethally sampled from 

Methow River for physiological indicators of 

development 

 10,000 Juvenile / 

Smolt 

Nonlethal implantation with PIT tags and 

subsample (by fin clip) of 1,000 fish for genetic sex 

determination. 
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2.10)  Alternative methods to achieve project objectives. 
Other alternative methods were discussed among the cooperators, all of the alternatives 

were found to be impractical, or unfeasible. 

 

12.11)  List species similar or related to the threatened species; provide number and 

causes of mortality related to this research project. 
Not applicable 

 

12.12) Indicate risk aversion measures that will be applied to minimize the 

likelihood for adverse ecological effects, injury, or mortality to listed fish as a 

result of the proposed research activities. 

This study is largely confined to laboratory and hatchery scale evaluations (with the 

exception of monitoring post release migratory performance with PIT tags) therefore, the 

likelihood of adverse effects to listed fish in the wild is minimal.  Any lethal sampling of 

fish in the wild will be restricted to residual hatchery fish as determined by presence of an 

adipose fin clip and / or positive detection of a PIT tag. 

  

SECTION 13.  ATTACHMENTS AND CITATIONS 

Include all references cited in the HGMP.  In particular, indicate hatchery databases 

used to provide data for each section.  Include electronic links to the hatchery databases 

used (if feasible), or to the staff person responsible for maintaining the hatchery database 

referenced (indicate email address).  Attach or cite (where commonly available) relevant 

reports that describe the hatchery operation and impacts on the listed species or its 

critical habitat.  Include any EISs, EAs, Biological Assessments, benefit/risk assessments, 

or other analysis or plans that provide pertinent background information to facilitate 

evaluation of the HGMP.  
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Attachment 1:    Acronyms used throughout this HGMP. 

 

BiOp - Biological Opinion 

BOR - Bureau of Reclamation 

CCT – Confederated Tribes of the Colville Reservation 

CPUE – Catch per unit effort 

CWT – Coded-wire tag 

DTU – Daily Temperature Unit 

ESA – Endangered Species Act 

ESU – Evolutionarily Significant Unit 

FTE – Full time equivalent  

HCP – Habitat Conservation Plan 

HOF – Hatchery Origin Fish 

HOR – Hatchery Origin Return 

HOS – Hatchery Origin Spawner 

HRT – Hatchery Review Team 

HSRG – Hatchery Scientific Review Group 

IHOT – Integrated Hatchery Operations Team 

INAD – Investigative New Animal Drug 

MCRFRO – Mid-Columbia River Fishery Resource Office 

MPG – Major Population Group 

NOAA – National Oceanic and Atmospheric Administration 

NMFS – National Marine Fisheries Service 

NOF – Natural Origin Fish 

NOR – Natural Origin Return 

NOS – Natural Origin Spawner 

OFHC – Olympia Fish Health Center 

pHOS – Proportion Hatchery Origin Spawners 

PIT – Passive Integrated Transponder 

PNI – Proportionate Natural Influence 

ppm – parts per million 

PUD – Public Utility District 

SCS – Spring Chinook Salmon 

SFH – State Fish Hatchery 

SST – Summer Steelhead Trout 

UCSRB – Upper Columbia Salmon Recovery Board 

USFWS – U. S. Fish and Wildlife Service 

USGS – U. S. Geological Survey 

WDFW – Washington Department of Fish and Wildlife 

WNFH – Winthrop National Fish Hatchery 

WRIA – Water Resource Inventory Area 

YN – Yakama Nation
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Appendix A – Draft Research Proposal for submittal (fall of 2009) to Bonneville Power 

Administration. 
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A. Abstract – 

B. Technical and/or scientific background 

Fitness of hatchery-reared steelhead 

Steelhead in Pacific Northwest hatcheries are typically reared for release as 1-year-old 

smolts, rather than the 2- and 3-year-old smolt life history patterns found in nature.  Fast 

growth rates associated with accelerated hatchery rearing to a 1-year-old smolt life 

history may contribute to maladaptive behavioral traits and reduced post-release survival, 

and may constitute a primary mechanism leading to reduced fitness in hatchery fish.  The 

current proposal offers a unique opportunity to evaluate genetic, physiological, and life 

history impacts of rearing 1- vs 2-year-old steelhead smolts.  The study will be cost 

effective in that it will be conducted using groups of integrated steelhead already being 

reared in Washington tributaries of the Columbia River as part of ESA recovery efforts.  

The study will aim to provide husbandry solutions that will help increase fitness, and 

alleviate maladaptive traits of hatchery-reared steelhead.  The proposed study addresses 

BiOp identified needs to develop hatchery reform actions and best management practices 

for artificial production programs to make a net positive contribution to recovery of listed 

populations. 

 

Hatchery-reared steelhead show reduced reproductive success that may have a genetic 

basis (Araki et al. 2007) and may cause reductions in the productivity of ESA-listed 

natural populations.  Domestication selection has been identified as one of the plausible 

factors contributing to fitness loss (Araki et al. 2008).  Substantial domestication 

selection may occur after smolts are released from the hatchery, but still be reflective of 

inappropriate hatchery rearing methods.  For example, hatcheries that are now moving 

towards integrated broodstock management using a portion of the locally adapted, natural 

origin spawners face the difficulty of rearing steelhead to an optimal (natural) size in one 

year (the conventional age at release), because of their later spawn timing and shorter 

growth window.  Reisenbichler et al. (2004) demonstrated size-selective mortality against 

hatchery-reared smolts that did not reach optimal smolt size in one year. Selection against 

smaller (age-1) fish can also occur through increased residualism (Sharpe et al. 2007). 

Mechanisms causing fitness loss 

Selection for rapid growth rate provides hatchery steelhead an advantage during rearing 

in the hatchery environment where certain behavioral traits are favored. For example, 

offspring of hatchery-selected steelhead have exhibited higher levels of aggression 

(Berejikian et al. 1996) compared to offspring from the founder natural population. 

However, hatchery rearing also increased susceptibility to predators (Berejikian 1995).  

Offspring of hatchery fish exhibiting these traits may allow them to achieve faster growth 

rates in the hatchery, but these same traits may be maladaptive in the natural environment 

(i.e., increased susceptibility to predation) and may constitute a primary mechanism 

leading to reduced fitness in hatchery steelhead (Araki et al. 2008).  Raising steelhead to 

the smolt stage in one year may also reduce important within-population behavioral and 

life history diversity important for maintaining population viability in the face of 

environmental variability (e.g., drought, global climate change, and shifts in ocean 
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regimes). 

 

Unnatural selection for rapid growth and associated behavioral and physiological traits 

resulting from 1-year smolt rearing programs may be lessened by development of 2-year 

smolt rearing programs.  Although not appropriate for some situations, and despite the 

increased hatchery residence, two-year smolt rearing programs provide the opportunity to 

i) produce smolts that survive at a higher rate (due to larger body size), ii) produce adults 

that spawn at their natural age-at-maturity, and iii) reduce domestication selection on 

important survival-related traits.  Producing age-2 smolts (S2) is expected to reduce 

selection against phenotypes that don‟t compete or grow well in the unnatural 

accelerated-growth yearling smolt (S1) hatchery programs.  Higher survival rates of S2 

smolts may require fewer fish be released to attain the same level of adult returns, which 

would reduce ecological interactions between hatchery fish and natural fish and make it 

easier to achieve PNI values recommended through the HSRG process.   

 

Two-year smolt rearing programs require substantial development, testing, and 

evaluation before implementation can become widespread.  This project has two primary 

objectives: 1) measure selection on body size and other smolt characteristics in S1 and S2 

steelhead smolt programs in the Columbia River Basin, and 2) identify behavioral and 

physiological traits under selection through laboratory-scale research. The third objective, 

is to develop methods to rear steelhead to their their natural modal age at smoltification 

(age-2), integrates the findings of the hatchery and laboratory scale experiments to 

provide a management tool to aid hatchery production of S2 steelhead smolts. 

Selection on behavior 

Recent findings in behavioral ecology are showing that different behavioral traits tend to 

evolve together (Sih et al., 2004).  This new paradigm presents opportunities to 

understand how selection occurs in natural and hatchery populations of salmon and 

steelhead.  Correlations among behavioral traits (termed „behavioral syndromes‟) have 

been documented in a wide range of species (reviewed by Sih et al. 2004, Bell 2007), 

including rainbow trout (see Overli et al., 2005 for a review in rainbow trout).  In some 

taxa, behavioral syndromes or „personalities‟ have been shown to affect fitness (Cote et 

al. 2008, Smith and Blumstein 2008).  For example, individuals that feed at high rates are 

more likely to take above-average risks with predators, even in non-feeding situations.  

That is, feeding behavior is correlated with risk-taking behavior in different ecological 

contexts.  The consequence of genetic linkages among traits is that selection on a single 

trait (e.g. higher survival of individuals with above-average feeding rates) not only leads 

to a change in the mean value for that trait in the population, but can, through the linkage, 

also drive selection on other traits (increased risk-taking in non-feeding situations).  

Stamps (2007) has postulated that in vertebrates with indeterminate growth, such as fish, 

that consistent individual differences in growth rates encourage consistent individual 

differences in behavior patterns that contribute to growth-mortality tradeoffs.  Such a 

mechanism is likely to occur in hatcheries that produce yearling steelhead smolts if 

selection for high growth rates is correlated with behaviors that contribute to increased 

rates of postrelease mortality.  Smolts grown under a S2 rearing regime may reduce 

selection for high growth rates, thus lessening the likelihood of establishing such growth-
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mortality tradeoffs.  Divergence of hatchery fish from wild fish over a broad array of 

behaviors may result from selection on just one or two behaviors (e.g., aggression and 

predator avoidance), which are already known to differ in hatchery and wild salmon and 

steelhead populations (reviewed by Weber and Fausch 2003).  The objectives of this 

research are to determine whether and how S1 and S2 programs favor different 

behavioral phenotypes affecting smoltification success and survival and to determine 

whether S2 programs reduce directional selection on smoltification. 

Physiological development 

In both the hatchery and natural environment, early life histories of salmon and steelhead 

are variable with smoltification and maturation occurring at various sizes, seasons and 

ages. Plasticity in this developmental program is a trait that allows salmonids to 

physiologically adapt to a changing environment in order to survive and reproduce. Thus, 

the age and seasonal timing of smolting or maturation in salmonids depend on the genetic 

background on which environmental factors (e.g. temperature, photoperiod, food 

availability) act. All of these environmental factors affect growth and energy deposition, 

which in turn affect survival and later reproduction. Numerous studies in Atlantic and 

Pacific salmon have shown that growth during critical seasonal periods influences the 

developmental path to remain in freshwater as parr, smolt and migrate to sea, or sexually 

mature (Rowe and Thorpe 1990a,b; Thorpe 1994, Swanson and Shearer, 2000; Shearer et 

al. 2007). Since growth, smoltification and maturation are regulated within the animal by 

hormones, monitoring changes in components of the endocrine system and responses in 

target tissues such as the gonad and gill, provides information on when developmental 

changes are initiated.  This strategy was used demonstrate that the critical period when 

maturation is initiated (e.g. maturation) is up to 12 months before the pheontype is 

apparent (Shearer and Swanson 2000, Swanson et al. 2005). Thus, growth regimes in the 

hatchery influence the proportion of fish taking various developmental pathways and 

monitoring physiological changes in the fish over time can be utilized to define periods 

when these developmental “decisions” are being made. 

 

Fewer studies have examined the effects of seasonal growth patterns on life history 

pathways in steelhead.  However, Sharpe et al. (2007) demonstrated that residualized 

hatchery steelhead were biomodally distributed in size: large fish were mostly maturing 

males and small fish were male and female parr.  If small fish were segregated from large 

fish and put on an aggressive feeding scheme, residualization was reduced.  Thus, S1 

programs could induce bimodality in growth resulting in some fish that do not smolt 

either because they are below a size threhold for smoltification, or over a size threshold 

for male maturation at either age 1 or 2 (maturation can be initiated as early as 12 months 

before spawning).  Either of these phenotypes would result in loss of hatchery 

production, and increase risks of domestication selection and ecological interactions with 

wild fish. 

 

In order to fully evaluate the results of current rearing protocols for producing S1 and S2 

steelhead smolts, and to improve such rearing protocols to reduce residualization and 

optimize smolt quality, one objective of the proposed research is to characterize when 

developmental “decisions” are initiated in relation to growth history in (one or two 
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populations?) steelhead.  Seasonal thresholds for developmental decisions will be defined 

by montioring seasonal changes in growth over time in relation to physiological changes 

associated with developmental decisions to smolt or mature.  Physiological assessments 

will allow us to define the life history decision periods and categorize the phenotype 

(parr, smolt, mature male) of fish in different growth modes. We expect that S1 and S2 

rearing protocols will produce groups of fish that differ in proportions of fish in low, 

intermediate and high growth modes.  The objectives will be to assess size distributions 

within groups of fish reared at the hatchery or part of a lab study, and characterize the 

phenotypes within various size modes using detailed physiological assessments of 

terminally sampled fish within each mode.  A census of body size will be done in the fall 

and spring to determine the range of body sizes in the S1 and S2 treatments.  We propose 

to terminally sample large numbers of fish at one time point (April) in an effort to obtain 

sufficient representation of all possible phenotypes. 

Smoltification 

Selection on behavioral or physiological traits will be inferred from the ability to smolt. 

In salmonids, seasonal growth trajectories drive developmental life-history decisions; 

specifically age of smoltification and age of maturation. In steelhead the term residualism 

may refer to fish that do not migrate because they are either non-smolting immature male 

or female parr or precociously maturing males (Sharpe et al. 2007).   

 

Steelhead typically undergo smoltification from age-1 to-3.  Plasticity in age of smolting 

depends on size and growth rate of individual fish. Larger, faster growing salmonids 

smolt at an earlier age than smaller slower growing fish (Ewing et al. 1980; Beckman and 

Dickhoff 1998; Conner et al. 2005).  Environmental conditions significantly modulates 

the endocrine and physiological status for a given individual (Clark et al. 1992, 1994; 

Beckman et al., 2003, 2007).Smolting is characterized by, among other factors, 

successful osmotic and ionic regulation in the marine environment, change in condtion 

factor and body silvering  (Hoar 1988).  Two common measures of seawater tolerance are 

activity of the enzyme Na+-K+-ATPase found in the gill (Zaug and Wagner 1973) and 

survival in a seawater challenge (Clarke and Blackburn 1977).  Gill Na
+
/K

+
-ATPase 

activity is commonly used as a benchmark physiological indicator of successful 

smoltification.  Several studies have shown positive relations between Na+/K+-ATPase 

activity and smolt-to-adult return (Ewing and Birks 1982; Zaugg 1989; Zaugg and 

Mahnken 1991; Beckman et al., 1999) while others have shown an association between 

seasonally increasing ATPase and performance characters such as seawater tolerance 

(Saunders and Henderson 1978) and migratory readiness (Hart et al. 1981; Zaugg 

1981a,b, 1989; Muir et al. 1994).  In the proposed study gill ATPase activity will be 

monitored in the S1 and S2 treatment groups in the spring at a time when we expect fish 

to be at the peak of smoltification to determine what proportion of fish and which 

phenotypes are either smolting in a given year or potentially residualizing as either 

immature parr or precociously maturing males.   

Precocious maturation 

In S1 programs, fish are released as smolts at approximately 14 months post fertilization.  

The high growth used to induce smolting might induce some rare age-1 male maturation 
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discernible by visible examination or age-2 maturation, which would not be apparent 

from morpholical appearance because these fish would not be fully mature until 12 

months later.  Similarly, S2 programs may produce age-2 mature males that could be 

identified by their appearance at release, but fish maturing at age-3 would not be evident.  

Since maturation can be initiated long before the fish spawn, monitoring changes in 

hormones that regulate gonad growth could be used identify fish that might mature a year 

later.  Indeed, plasma levels of 11-ketotestosterone (11-KT), which is produced in the 

testis at progressively higher amounts as the testis grows, has been used to identify spring 

Chinook salmon minijacks up to 10 months before spawning (Larsen et al. 2004).  It is 

anticipated that new diagnostic tools (pituitary hormones that regulate 11-KT production) 

would allow us to detect maturation of steelhead at an earlier time prior to spawning. 

Data from other salmonids (e.g.spring Chinook salmon, Campbell et al. 2003; rainbow 

trout, Kusakabe et al. 2006, Gomez et al. 1999) suggest that increases in pituitary 

gonadotropins (follicle stimulating hormone; FSH) and expression of testicular genes for 

11-KT biosynthesis occur prior to any cellular or morphological change in the testis.  We 

propose to determine if plasma 11-KT levels, or transcripts for pituitary FSH and 

testicular genes for steroid biosynthesis can be used to identify fish that are initiating 

maturation a year in advance of spawning.  This will be validated in the lab study by 

monitoring plasma 11-KT and transcripts for gonadotropins in the pituitary and 

steroidogenic enzymes in the testis in relation to gonad histology and size.  

C. Rationale and significance to Regional Programs  

2008 FCRPS Biological Opinion 

Reasonable and Prudent Alternative (RPA) 63.2 of the FCRPS Biological Opinion calls 

for determining the effects of implemented hatchery reforms on salmon and steelhead 

populations.  There is currently a clear gap in coverage for Upper Columbia River 

steelhead (RME workgroup June 2009 predecisional draft document).  Gaps for the 

Winthrop National Fish Hatchery (WNFH) operated by the USFWS have been identified 

by the RME workgroup, and this proposal provides for implementation and evaluation of 

major hatchery reforms for WNFH.  Transitioning to the locally returning broodstock 

requires hatchery reform actions that can accommodate a later return timing, proper 

smoltification, high survival and maintain natural levels of fitness in the hatchery stock.  

Simply, transition to local broodstock cannot be successfully implemented without the 

hatchery reforms described in this proposal.   This proposal is part and parcel to the 

HGMP being developed by the USFWS for WNFH. 

 

The project also fills needs identified in RPA 64.2 which calls for determining if properly 

designed intervention programs make a net contribution to recovery.  Nearly all steelhead 

intervention programs within the Basin are likely to require non-conventional rearing 

methods in order to achieve high smoltification and survival rates, while minimizing the 

fitness loss described by Araki et al. 2008 and 2009.  The methods developed and tested 

under this proposal will be transferable to other intervention programs.  Data will be 

made available in real time to other programs wrestling with the same issues (e.g., 

Touchet, Tucannon, E. Fork Salmon River).  The RME workgroup indicated under this 

RPA that additional analysis may be needed to determine if supplementation programs 
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are having a negative impact on recovery.  Negative effects from ecological interations 

constitutes one of the primary concerns with hatchery programs.  This project will focus 

on the effects of hatchery reform actions on residualism, which can exacerbate 

competition and predation effects on natural-origin fish survival.  Residualism caused by 

early male maturity would make it nearly impossible to implement hatchery reform 

alternatives because controlling PNI and other important parameters prescribed by HSRG 

models cannot be controlled if residuals are maturing and interbreeding with natural-

origin fish.  
 

2009 NPCC Fish and Wildlife Program 

D. Relationships to other projects 

E. Project history 
Project 1993-056-00 has focused on practical methods to improve the survival and 

reproductive fitness of hatchery-reared salmon in the Columbia River Basin.  Primary 

focus has been placed on safety-net programs (captive broodstocks), but has had 

immediate relevance to the broader array of hatchery programs.  The project has applied 

the disciplines of physiology, behavior, genetics, microbiology, and ecology to problems 

associated with taking Threatened and Endangered salmon and steelhead populations into 

captivity and successfully reintroducing them to the wild. The project has impacted 

hatchery reform basinwide, with studies conducted on Chinook salmon in Washington 

(Yakima River), Idaho (Lemhi and Rapid River), and Redfish Lake sockeye salmon.  

 

Studies on the reproductive performance of captively reared Chinook salmon have 

focused on the proximate mechanisms responsible for variation in reproductive fitness to 

support Columbia Basin captive broodstock programs implementing adult release 

strategies. We‟ve published a comprehensive review of the strategy of releasing captively 

reared adults for conservation purposes that describes the management and biological 

considerations (Berejikian et al. 2004). Subsequent work has focused on the reproductive 

success of jack and adult Chinook salmon to provide best practices for hatchery 

broodstock management that are based on the natural mating patterns of Chinook salmon. 

These recommendations will be published in 2010. 

 

Research on imprinting in sockeye salmon has formed the basis of recommendations to 

the Stanley Basin Sockeye Technical Oversight Committee that early releases of 

captively-reared sockeye may facilitate imprinting and that if captively-reared smolts are 

released they should experience their natal lake for an extended period to facilitate proper 

odor learning and imprinting. Behavioral assays of imprinting have demonstrated 

experimentally for the first time that sockeye salmon learn imprinting odors at multiple 

developmental stages (the alevin and smolt stage) and the duration of odor exposures was 

critical for successful imprinting. Ongoing experiments are directly examining the 

imprinting efficacy of current release strategies employed in Stanley Basin by exposing 

fish to imprinting odorants during developmental periods and durations that parallel the 

on-ground assessments of survival being conducted by the IDFG.  
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The project has developed scientifically-based best management practices for hatchery-

reared Chinook and sockeye salmon. Methods have been developed to reduce early (age-

2) male maturation and improve gamete quality.  Initially, studies were conducted on the 

use of gonadotropin-releasing hormone (GnRHa) implants to advance spawning time in 

sockeye salmon (Swanson 1995).  Protocols were established for the type of implant, 

doses and timing of hormone implants to ensure high fertility of gametes.  These have 

been used in both sockeye and Chinook salmon captive broodstock programs to 

synchronize spawning of males and females and improve gamete quality (c.f. Swanson et 

al. 2004a).  The project has developed diets and growth regimes to reduce early male 

maturation in Chinook salmon (Silverstein et al. 1998, Shearer and Swanson 2000, 

Shearer et al. in press). Results from studies conducted in both coho (Campbell et al. 

2003b, in press, accepted for publication) and Chinook salmon (Campbell et al. 2004, 

2005; Swanson et al. 2005) demonstrated that oocyte growth prior to yolk incorporation 

is strongly influenced by body growth.  This information and novel research on 

photoperiod and emergence timing manipulation is now being used to design growth 

regimes to minimize early male maturation with the goal of matching wild life history 

phenotypes (proportion of fish maturing at various ages and sizes) more closely. 

 

Research on fish pathology and deleterious genetic effects (inbreeding) have been 

additional foci of research under this program in the past, but have been phased out with 

funding reductions during the FY 07-09 funding cycle. The following is a comprehensive 

list of peer-reviewed publications produced from project 1993-056-00 since its inception. 

Peer-reviewed scientific publications: 

1. Alcorn, S.W., and R.J. Pascho. 2000. Single-dilution enzyme-linked 

immunosorbent assay for quantification of antigen-specific salmonid antibody. J. 

Vet. Diagn. Invest. 12:245-252. 

2. Alcorn, S.W., A.L. Murray, and R.J. Pascho. 2002. Effects of rearing temperature 

on immune functions in sockeye salmon (Oncorhynchus nerka). Fish Shellfish 

Immunol. 12:303-334.  

3. Alcorn, S.W., and R.J. Pascho. 2002. Antibody responses by chinook salmon 

(Oncorhynchus tshawytscha) to various protein antigens. Fish Shellfish Immunol. 

13: 327-333.  

4. Alcorn, S.W., Pascho, R.J., Murray, A.L., and Shearer, K.D. 2003. Effects of 

ration level on immune functions in Chinook salmon (Oncorhynchus 

tshawytscha) Aquaculture 217: 529-545.  

5. Araki, H., B.A. Berejikian, M.J. Ford, and M.S. Blouin. 2008. Fitness of salmonid 

hatchery fish in the wild. Evol. Appl. 1:342-355. 

6. Berejikian B.A., P. Kline, and T. A. Flagg. 2004. Release of captively reared adult 

anadromous salmonids for population maintenance and recovery:  biological 

trade-offs and management considerations. Pages 233-246 in M.J. Nickum, P.M. 

Mazik, J.G. Nickum, and D.D. MacKinlay, editors. Propagated fish in resource 

management. American Fisheries Society Symposium 44, American Fisheries 

Society, Bethesda, Maryland.  

7. Berejikian, B., D. VanDoornik, J. Lee, A. LaRae, and E.P. Tezak. 2005. The 

javascript:%20do_literal('AU=(Alcorn%20SW)');
javascript:%20do_literal('AU=(Pascho%20RJ)');
javascript:%20do_literal('AU=(Murray%20AL)');
javascript:%20do_literal('AU=(Shearer%20KD)');
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effects of current velocity during culture on reproductive performance of 

captively reared steelhead. Trans. Am. Fish. Soc. 134:1236-1252. 

8. Berejikian, B.A. 2001. Release of captively-reared adult salmon for use in 

recovery. World Aquacult. 32:63-65.  

9. Berejikian, B.A., and E.P. Tezak. 2005. Male size effects on fertilization success:  

lack of evidence in Chinook salmon spawning under experimental conditions. 

Env. Biol. Fish. 72:235-240. 

10. Berejikian, B.A., E.P. Tezak, and A.L. LaRae. 2000. Female mate choice and 

spawning behavior of Chinook salmon (Oncorhynchus tshawytscha) under 

experimental conditions. J. Fish. Biol. 57:647-661.  

11. Berejikian, B.A., E.P. Tezak, and S.L. Schroder. 2001. Reproductive behavior and 

breeding success of captively-reared Chinook salmon (Oncorhynchus 

tshawytscha). N. Am. J. Fish. Manage. 21:255-260. 

12. Berejikian, B.A., E.P. Tezak, L. Park, S.L. Schroder, E.P. Beall, and E. LaHood. 

2001. Male dominance and spawning behavior of captively-reared and wild coho 

salmon (Oncorhynchus kisutch). Can. J. Fish. Aquat. Sci. 58:804-810. 

13. Berejikian, B.A., E.P. Tezak, S.L. Schroder, C.M. Knudsen, and J.J. Hard. 1997. 

Reproductive behavioral interactions between wild and captively-reared coho 

salmon (Oncorhynchus kisutch). ICES J. Mar. Sci. 54:1040-1050.  

14. Berejikian, B.A., E.P. Tezak, S.L. Schroder, T.A. Flagg, and C.M. Knudsen. 

1999. Competitive differences between newly emerged offspring of captively 

reared and wild coho salmon (Oncorhynchus kisutch). Trans. Am. Fish. Soc. 

128:832-839. 

15. Berejikian, B.A., R.C. Endicott, D.M.Van Doornik, R.S. Brown, C.P. Tatara, and 

J. Atkins. 2007. Spawning by female Chinook salmon can be detected by 

electromyogram telemetry. Transaction of the American Fisheries136: 593-605.  

16. Berejikian, B.A., R.S. Brown, C.P. Tatara, and S.J. Cooke. 2007. Effects of 

telemetry transmitter placement on egg retention of naturally spawning captively 

reared steelhead. North American Journal of Fisheries Management 27:659-664. 

17. Berejikian, B.A., W.T. Fairgrieve, P. Swanson, E.P. Tezak. 2003. Current 

velocity and injection of GnRHa affect reproductive behavior and body 

composition of captively reared Chinook salmon (Oncorhynchus tshawytscha). 

Can. J. Fish. Aquat. Sci. 60:690-699.  

18. Brown, R., Tatara, C., Berejikian, B. 2007. Examination of a new coded 

electromyogram transmitter for studying fish behavior. Journal of Fish Biology. 

19. Campbell, B., Beckman, W. Fairgrieve, J.T. Dickey, and P. Swanson. 

Reproductive investment and growth history in the coho salmon, Oncorhynchus 

kisutch.  Trans. Amer. Fish Soc. In press 

20. Campbell, B., J. T. Dickey, and P. Swanson. 2003.  Endocrine changes during 

onset of puberty in male spring Chinook salmon (Oncorhynchus tshawytscha). 

Biol. Reprod. 69:2109-2117. 

21. Campbell, B., J.T. Dickey, B. Beckman, G. Young, A. Pierce and P. Swanson. 

2003. Endocrine changes associated with growth of previtellogenic oocytes in 

coho salmon, Oncorhynchus kisutch.  Fish Physiol. Biochem. 28:287-289. 

22. Campbell, B., J.T. Dickey, B. Beckman, G. Young, A. Pierce, and P. Swanson. 

Previtellogenic growth in salmon: Relationships among body growth, plasma 
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insulin-like growth factor-I, estradiol- -stimulating hormone and 

expression ovarian genes for insulin-like growth factors, steroidogenic-acute 

regulatory protein, and receptors for gonadotropin, growth hormone, and 

somatolactin.  Biol . Reprod. accepted 

23. Fairgrieve, W. T., C. L. Masada, M. E. Peterson, W. C. McAuley, G. C. 

McDowell, M. S. Strom. 2005. Concentrations of erythromycin and axithromycin 

in mature Chinook salmon (Oncorhynchus tshawytscha) after intraperitoneal 

injection, and in their progeny. Diseases of Aquatic Organisms, 64:99-106.  

24. Fairgrieve, W. T., C. L. Masada, W. C. McAuley, M. E. Peterson, M. S. Meyers, 

M. S. Strom. In press. A comparative evaluation of accumulation and clearance of 

orally administered erythromycin and its derivative, azithromycin, in juvenile fall 

Chinook salmon (Oncorhynchus tshawytscha). Diseases of Aquatic Organisms. 

25. Flagg, T.A., and C.V.W. Mahnken. 2000. Endangered species recovery: captive 

broodstocks to aid recovery of endangered salmon stocks, p. 290-292. In 

Encyclopedia of Aquaculture, J. Wiley and Sons. 

26. Flagg, T.A., C.V.W. Mahnken, and K.A. Johnson. 1995. Captive broodstocks for 

recovery of depleted populations of Pacific salmon. Am. Fish. Soc. Symp. 15:81-

90. 

27. Hard, J. J. 2004. Evolution of Chinook salmon life history under size-selective 
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F. Proposal biological objectives, work elements, and methods 
This proposal has three objectives 1) measure selection on body size and other smolt 

characteristics in S1 and S2 steelhead smolt programs in the Columbia River Basin, 2) 
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Identify behavioral and physiological traits under selection through laboratory-scale 

research and 3)  Develop and describe methods to rear steelhead to their their natural 

modal age at smoltification (age-2). 

Objective 1: Measure selection on body size and smolt characteristics by 
comparing a S1 and a S2 smolt program in the Columbia River Basin – 
Hatchery-scale experiment 

Ha1:  Steelhead S1 and S2 smolt rearing strategies cause differences body size and smolt 

development. 

 

Ha2: Steelhead S1 and S2 smolt programs result in differential age-at-maturation, rates of 

residualism, migration rates, survival and selection patterns 

Task 1.1  Initiate S1 and S2 rearing groups over three consecutive 
broodyears at the WNFH 

A realistic assessment and comparison of S1 and S2 smolt programs requires study at the 

production level in a hatchery setting.  The hatchery-scale research we propose will be 

conducted at the USFWS Winthrop National Fish Hatchery located in the Methow River 

watershed that enters the Columbia River at river mile 524.  The WNFH uses the same 

stock of steelhead to produce both S1 and S2 smolts, but uses different collections 

between rearing strategies.  The construction of Wells dam restricted natural migration 

and homing of returning adult steelhead to the Okanogan and Methow River, therefore 

steelhead collected at Wells Dam and from the upper Methow River are now a composite 

of the original Methow and Okanogan populations and are not genetically different.  

There are however environmental differences in how the broodstock are handled to 

achieve production of S1 and S2 smolts.  The adult steelhead used to produce S1 smolts 

are collected and held at the Wells Dam hatchery in the fall the year prior to spawning.  

Adults used for S1 production mature in warmer water than at WNFH and are treated 

with gonadotropins to promote maturation in February.  Broodstock for the S1 production 

group are artificially spawned and the eggs are incubated at the Wells Dam hatchery to 

the eyed stage and are transferred to WNFH for final incubation.  The combination of 

advanced spawn timing and warmer incubation temperatures achieved by collection and 

incubation at Wells Dam hatchery are necessary to produce S1 smolts at the WNFH.   

The adults used to produce S2 smolts are collected by angling in the upper Methow River 

in April and May and are artificially spawned at the WNFH.  Collection of naturalized 

adults from the upper Methow River for the S2 program was initiated to better serve the 

conservation mission of the WNFH.   The embryos for the S2 program are incubated and 

raised to age 2 smolts exclusively at the WNFH. During the years of this study, the 

populations used for the S1 and S2 programs are essentially the same genetic stock. The 

hatchery-scale experiment will evaluate three brood years of steelhead reared using S1 

and S2 protocols.   

 

We will monitor the effectiveness of both rearing strategies by measuring selection on 

body size, rates of smoltification and precocious maturation, and post-release migration 

behavior, residualism, and survival. 
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Each year the WNFH will raise four raceways (two per rearing treatment) of S1 & S2 

steelhead from a common broodyear, and a two raceways of S2 smolts from the previous 

broodyear.  We will terminally sample 300 individuals per raceway and collect pituitary 

glands, plasma and gonad samples from males to assess maturation status. This is 

necessary to detect any evidence of males that may mature at age 2 in the S1 releases, and 

age 3 in the S2 releases.  We will also be able to assess age-1 maturation in the S1 

releases and age-2 maturation in the S2 releases by examining external appearance and 

gonadosomatic index (GSI) in the terminaly sampled fish.  In all males sampled, we will 

measure plasma levels of 11-KT, pituitary transcripts for FSH, and testis transcripts for 

genes involved in steroid biosynthesis (details below). 

 

We will PIT tag 10,000 smolts from each rearing group to monitor post-release behavior 

and survival (S1 in 2011, S1 & S2 in 2012 and 2013, S2 in 2014) using smolt traps and 

PIT tag interrogation arrays in the Methow River watershed and in the mainstem 

Columbia River.  For every 10,000 fish that are tagged, flin clips will be taken from 1000 

to determine genetic sex (Brunelli et al. 2008) and evaluate any gender differences in 

post-release behavior and survival that may be related to early male maturation (age 2 

maturation for S1‟s and age 3 maturation for S2‟s).   

Task 1.2. Measure in-culture growth and survival 
For each rearing group, we will conduct a size census in the fall at the time of tagging 

(assuming tagging is done in the fall) by measuring lengths and weights. The reason for 

the fall sampling is to assess growth at a time early in the developmental decision process 

compared to that at release since growth during this period may influence subsequent life 

history pathways and quality of smolts. This will also allow us to determine if groups 

contain unimodal or multimodal distributions of body size. In the spring at the time of 

release we will terminally sample 300 individuals per raceway and also assess size 

modalities in the S1 and S2 groups. These fish will be terminally sampled for 

physiological assessments as described below. The size data collected in the hatchery 

populations will be compared to laboratory results (size/growth template) to determine 

proportion of phenotypes (parr, smolt or maturing male) within the S1 and S2 hatchery 

populations.   

 

Body weight, fork length, and condition factor will be compared between rearing 

strategies by a nested ANOVA with tanks nested with rearing strategy. – Could also 

simply look at this as a two way ANOVA, with tank and strategy as the two main effects 

(one random and one fixed). 

 

Variance will be compared between rearing strategies by an F-test. 
 

 

Task 1.3 Measure indices of smoltification and precocious maturation 
Ideally, rates of smoltification will be improved under the S2 rearing strategies.  

Improved rates of smoltification will improve readiness for migration and survival, and 
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reduce residualism and ecological interactions in the release tributary.  We will determine 

rates of smoltification at release for S1 and S2 smolts visually based on external physical 

characteristics during the data collection for the size census conducted at release.  We 

will use a smolt index with 3 rating categories.  A value of “1” will be assigned to fish 

that have not smolted and still retain the physical characteristics of parr.  A value of “2” 

will be assigned to fish that have not fully smolted, but are beginning to show indications 

of smoltification such as parr marks beginning to fade and development of silver 

coloration.  A value of “3” will be assigned to fully smolted fish, indicated by complete 

silver coloration, absence of parr marks, and blackening of the snout, and edges of the 

dorsal and caudal fin. 

 

Male steelhead exhibit a life history that includes precocious maturation at age 2 without 

migration to the ocean.  Rearing conditions that accelerate growth have been shown to 

increase rates of precocious male maturation in a variety of salmonids (Thorpe 1994; 

Larsen et al., 2004; Shearer and Swanson, 2000; Shearer et al. 2007) including steelhead 

(Sharp et al. 2007). The high growth rates used in S1 rearing schemes are more likely to 

initiate the process of male maturation than the lower growth rates used in S2 programs 

and seen in natural steelhead populations.  However, since S1 smolts are released a year 

before any age-2 males would mature, it is unlikely they would be detected by external 

appearance at the time of release.  Although maturation of males at age 2 would be 

readily detected in the S2 production scheme, maturation of age 3 males may go 

undetected until they return the subsequent year.  At the time of release in the spring, we 

will terminally sample 300 individuals per raceway and collect pituitary glands, plasma 

and gonad samples from males to assess maturation status.  This is necessary to detect 

any evidence of males that may mature at age 2 in the S1 releases, and age 3 in the S2 

releases.  We will also be able to assess age-1 maturation in the S1 releases and age-2 

maturation in the S2 releases by examining external appearance and gonadosomatic index 

(GSI) in the terminaly sampled fish.  In all males sampled, we will measure plasma levels 

of 11-KT (Cuisset et al. 1994), pituitary transcripts for FSH, and testis transcripts for 

genes involved in steroid biosynthesis (Campbell et al. 2006; Kusakabe et al. 2007).  

 

Task 1.4 Measure Post-release behavior and survival and selection on body size 

We will assess differences in the post-release behavior and survival between S1 and S2 

smolts using information obtained from volitional releases at the WNFH and by 

implanting smolts with passive integrated transponders (PIT tags) and calculating their 

survival and mean travel time as they migrate to the mouth of the Methow River and at 

McNary Dam.  Additional information about residuals will be obtained by electrofishing 

in reaches of the Methow River in conjuction with USGS research and monitoring 

activities. 

 

Each April in the year of release S1 and S2 smolts will be released volitionally from the 

raceways at WNFH using the hatchery‟s standard protocol.  After the opportunity to 

emigrate has elapsed, the number of fish remaining in the raceway will be counted, and 

up to 300 fish per raceway will be nonlethally sampled.  We will weigh and measure each 

fish, interrogate each fish for the presence of a PIT tag, and look for external physical 

characteristics of smoltification and precocious maturation.  After data is collected on the 
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hatchery residuals, they will be forced from the raceways and continue to be monitored as 

described below. 

 

Survival and mean travel times will be estimated using data collected from existing PIT 

tag interrogation systems in the Methow and Columbia Rivers.  The USGS Lab at Cook, 

WA has an existing array of PIT tag antennae in the Methow watershed, currently used to 

assess effectiveness of habitat restoration projects (see figure in facilities section).  We 

will also utilize the existing PIT tag interrogators present at the fish bypass systems at 

McNary Dam.  Each year in the fall prior to release, we will PIT tag 10,000 smolts from 

each rearing group (S1 & S2) at the hatchery.  We will obtain data on PIT tag detections 

of smolts released from the WNFH within the Methow River watershed through a 

partnership with USGS and in the Columbia River from the PITAGIS database.  We will 

calculate survival using the single-release model (Muir et al., 2001; Skalski et al.,1998; 

Burnham et al., 1987) with four downstream detection sites and median travel time 

between PIT tag interrogation systems in the Methow and Columbia Rivers (Hockersmith 

et al., 2003).  Information obtained using these approaches will be used to assess which 

rearing strategy best promotes outmigration, shortens mean travel time downstream, 

improves survival, and reduces residualism.  Additional information on post-release 

behavior of residuals and precocious males will be obtained by sex linked genetic 

markers (S1 smolts) as described previously.   

 

Survival estimates will be compared between S1 and S2 groups by logistic regression 

with body size and rearing strategy as the main effects?   

 

Outmigration timing will be compared by calculating cumulative frequency distributions 

for the S1 and S2 groups  testing for differences between the distributions with a 

Kolmornov-Smirnov test? 

 

Rates of residualism will be compared by estimating the proportion of released fish that 

remain in within the Methow River PIT tag array after 95% of the fish have migrated past 

McNary Dam (or after June 15?).  Numbers of residuals and migrants from the S1 and S2 

rearing groups will be compared by Chi-square contingency table analysis within each 

outmigration year. 

 

The body size at release will be compared between migrants (detected an McNary Dam) 

and non migrants, similar to the approach used by Reisenbichler et al. (2004).  Similar 

distributions would suggest no size selectivity, whereas differences would suggest size 

selectivity has occurred.  

 

Snorkel surveys in index reaches upstream and downstream of the release site will 

provide an alternative way to assess residualism. Selection on body size will be 

determined by comparing size frequency distributions of released and recaptured (i.e., 

detected) smolts within each smolt rearing strategy.  Selection on body size will also be 

determined from survival rates of PIT tagged fish.  Fish residualizing in the raceways, 

channel or river may be a mixture of fish that remained parr or are maturing males.  To 

determine this, we will terminally sample up to 500 hatchery fish during USGS 
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electroshocking in July and August of each year.  External appearance will be 

documented and all fish will be measured for length and weight. Samples of plasma, 

pituitaries and testes will be sampled for assessment of reproductive hormones as indices 

of maturation and gills for Na+K+-ATPase activity as indices of smoltification.  
 

Objective 2:  Identify behavioral and physiological traits under selection 
through laboratory-scale research 

Task 2.1 Fish culture 
The laboratory research will be conducted using juveniles sourced from adult collections 

at Wells Dam Hatchery and the naturalized broodstock at WNFH.  During spawning, an 

additional 5,000 fertilized eggs (2,500 from each broodstock source) will be collected by 

WNFH during the artificial spawning.  These eggs will be transferred to the NWFSC 

Manchester Research Station upon reaching the eyed stage of development.   

 

Embryos will be transferred to the Manchester Research Station and reared on fresh well 

water, maintained at 9 C.  Upon emergence and once the fry have resorbed their yolk 

sack, the emergent fry from from the Wells sourced broodstock will be allocated to four 

replicate tanks (1.8 m diameter) and reared under a feeding regime to produce S1 smolts. 

Likewise, the fry from the Winthrop naturalized stock will be allocated to four more 

identical tanks to produce S2 smolts.  A temperature based growth model will be used to 

develop feeding regimes for the S1 and S2 strategies.  We will stock at least 500 fish/tank 

at the initiation of the study. 

 

Fish from three of the four replicate tanks will be used for the behavioral testing.  Fish in 

the fourth tank will be used exclusively for physiological assessment.  When fish in each 

rearing treatment attain a mean fork length of 65mm (+/- 5 mm sd), a random subsample 

(40 per tank = 120 per treatment = 240 fish total) will be removed for behavioral testing 

(see below).  Differences in growth rates of S1 and S2 strategies means that tagging, 

behavioral testing and physiological sampling will be staggered over the course of the 

first spring and summer. Fish that are behaviorally profiled will be implanted with a PIT 

tag, given a visible implant elastomer mark to facilitate subsequent recovery and 

distinguish them from additional PIT tagged fish used for growth and survival 

monitoring. A small fin clip will be taken for genetic sex determination.  Gender of fish 

will be used as a covariate in the behavioral data analysis.  After tagging and fin clipping, 

fish will be returned to their respective rearing vessels.   

Task 2.2 Growth and survival monitoring 
We will randomly select and implant an additional 40 fish in each tank with PIT tags to 

increase our sample size for growth and survival monitoring.  When combined with the 

fish used for behavioral testing, 80 fish per tank will be monitored (80 per tank = 240 per 

treatment = 480 fish total).  Growth and survival monitoring will occur at 6-week 

intervals. Any fish found dead during routine fish culture activivities will be scanned for 

presence of a PIT tag, measured and weighed, and gonad examined for any signs of 

maturation. The data from the PIT tagged fish will also be used to determine size 

thresholds for early male maturity, and verifiy the growth model.  During spring and fall 
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of each year a size census will be performed by measuring weights and lengths of 150 

individual randomly selected fish within each tank. This will allow us to document the 

variation in body sizes within S1 or S2 treatments and define how many growth modes 

are present within each treatment.  

Task 2.3 Behavioral profiling 
Forty fish will be assessed each week and four behaviors will be measured for each fish 

in the following sequence:  willingness to explore a novel environment (day 1) appetite 

(day 2), appetite and aggression (day 3), appetite and boldness/shyness or fright response 

(day 4).  Following behavioral testing the fish will be placed back into their respective 

rearing groups.  From this point forward, we will collect only length, weight, and survival 

data on these fish until the smoltification assays. 

 

All behavioral assays will be conducted in 76 l aquaria placed within two laboratory 

flumes measuring 9 m by 1.5 m serving as a water bath.  Each flume will accommodate 

40 aquaria.  The bottom and three sides of the aquaria will be painted or covered so that 

each fish remains visually isolated during behavioral profiling.  A grid pattern will be 

scribed onto the back surface of each aquarium to track movements during the assays.  

Each aquarium will have its own single-pass water supply to isolate fish from waterborne 

odors affecting behavior.  The water supply will include a feeding port so that food can 

be delivered remotely.  A single fish will be placed in each aquarium for the behavioral 

profiling assays.  The large number of fish to test will preclude data collection by direct 

observation, so all assays will be recorded using a 16 channel digital video recorder.  The 

recordings will be viewed at a later date and data will be collected using J-Watcher 

behavioral data analysis software (Blumstein et al. 2007).  The individual assays 

comprising the behavioral profile are described in detail below.  At the completion of the 

behavioral profiling assays each fish will be anethetized, weighed, measured, and 

implanted with both a subdermal visual elastomer mark (Northwest Marine 

Technologies), and a (9 or 12 mm) PIT tag.  Tagging will be performed after behavioral 

assessment to minimize effects on behavior. 

 

The testing order of rearing treatments for behavioral profiling is not expected to be truly 

random because of differences in growth rates of the two treatments.  The S1 treatment 

fish will grow more rapidly than the S2 fish, so the S1 fish will start behavioral profiling 

before the S2 fish. The nonrandom testing order of rearing treatments is necessary to 

minimize known effects of fish body size on behavior.  The testing order of fish rearing 

tanks within a treatment will be completely randomized. 

 

Day 1: We will test a fish‟s willingness to explore a novel environment after a 

moderately stressful situation (handling).  This assay will provide measures of response 

to stress, and boldness.  Up to 16 (i.e., the maximum number of fish we can record 

simultaneously) fish will be randomly removed from the rearing tanks using a dip net, 

placed in a transport tank and taken to the laboratory flume.  Individual fish will be 

placed inside a “remote release chamber” (RRC) constructed of a 12 cm long section of 

7.6 cm diameter PVC pipe.  One end of the RRC is capped and the other end fitted with 

an opaque PVC gate attached to a string that removes the gate when pulled.  An occupied 
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RRC will be placed inside its own aquarium, and the fish inside the RRCs will rest for 5 

minutes before the assay began.  Once the DVR is started, the gates of the RCCs will be 

opened, and the fish filmed for 15 minutes.  We will measure the amount of time it takes 

for a fish to completely exit the RRC, whether the fish returned to the RRC, and the 

activity level of the fish.  Activity will be quantified by the number of aquarium sections 

a fish visits during the 3 minutes after it initially left the RRC.   This process will be 

repeated until 40 fish are tested.  Upon completion of the exploratory behavioral assay, 

the fish will be allowed to rest undisturbed for 1 hour. 

 

After 1 hour we will measure food intake, appetite, and feeding behavior using a 

modification of the procedures employed by (Metcalfe et al. 1988).  We will introduce 

the number of pellets comprising the daily ration specific to the rearing treatment (e.g. 

1.5% of body weight per day per fish on average).  All fish will be given the same 

amount of food, regardless of their size.  We will directly observe and record the number 

of pellets consumed and the number of feeding attempts over 5 minutes.  Following the 5 

minute observation, we will allow the fish to continue feeding for an additional 55 

minutes for a total duration of 1 hour.  After 1 hour we will remove any uneaten food and 

count the number of pellets remaining.  The weight and length data collected at the end of 

the behavioral profiling can be used to account for any variation in appetite due to fish 

size. 

 

Day 2:  On day 2 the fish will acclimate, and we will measure food intake using the 

previously described method. 

 

Day 3:  We will test a fish‟s level of aggression using a Mirror Image Stimulation (MIS) 

assay (Berejikian et at., 1996).  This assay simulates aggression towards a conspecific.  

Quantifying a fish‟s response to a mirror image controls for external effects such as size 

discrepancies and nutritional status that can confound pair-wise challenges between 

conspecifics.  One hour prior to testing, the fish will be fed 5 food pellets.   To conduct 

the assay, a mirror spanning the entire back wall of the aquarium will be carefully placed 

inside the aquaria, and the behavior of the fish will be recorded for 5 minutes, after which 

the mirror will be removed.  We will film up to sixteen fish simultaneously, until all 40 

fish are assayed.    We will view the recordings and use J-Watcher software to quantify 

the number and duration of threat displays, and the amount of time spent swimming 

against the face of the mirror, which correlates with aggressive attacks.   

 

Once all the MIS assays are complete, we will let the fish rest for 1 hour and then 

measure food intake using the method described in day 1. 

 

Day 4:  Juvenile steelhead often exhibit an antipredator or fright response provoked by 

chemical alarm cues present in the skin of conspecifics or to the waterborne odor of 

predators.  Common antipredator responses of juvenile steelhead are reduction in feeding 

rate, increased time spent near the substrate, increased time spent motionless, and erratic 

darting (Berejikian et al., 2003, Scheurer et al, 2007).  We will assess fright response of 

juvenile steelhead by modifying the procedures of Berejikian et al. (2003) and Scheurer 

et al., (2007).   
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Two alarm stimuli will be used, one consisting of conspecific skin extract and the other 

consisting of Coastal cutthroat trout (Oncorhynchus clarkii) odor, a common predator of 

steelhead fry.  Alarm stimuli will be prepared and handled as in Scheurer et al. (2007).  

As in the other behavior assays, fright responses of juvenile steelhead will be recorded 

with a DVR and scored at a later date using JWatcher behavioral analysis software.  Up 

to 16 individuals will be assayed simultaneously until all fish have been assayed. 

 

The assay will begin by starting the DVR and introducing 0.1 grams of 1 mm sized 

pelleted commercial salmon diet into the remote feeding system followed by a 5 minute 

prestimulus observation period.  After the prestimulus period another 0.1 g of food will 

be introduced.  After 30 s the alarm stimuli will be added through the remote feeding 

system and a 5 min poststimulus observation will be conducted.  All fish will remain in 

their aquaria after they are assayed, but food intake and appetite will not be measured so 

that the fish have time to fast before marking and PIT tagging on day 5.  

 

Upon viewing of the recordings, we will count the number of food strikes, the amount of 

time spent in the upper, and lower portions of the water column, the amount of time spent 

motionless, and the number of darts.  All instances of a fish capturing a food particle will 

be counted as feeding strikes.  A fish will be considered motionless if it moves less than 1 

cm in 2 s.  We will calculate the difference between pre- and post-stimulus observations 

for the durations of time spent motionless and location in the water column, and post-

stimulus/pre-stimulus ratios for food strikes and darting behavior. 

 

Day 5: All fish will be weighed (nearest 0.1 g), measured (fork length in mm), marked 

externally with a visible implant elastomer mark (each rearing treatment will receive a 

different color), implanted with a 9 mm PIT tag, and returned to their respective rearing 

vessel. 

 

Upon smoltification in April of the first or second year (for S1 and S2 smolts 

respectively) all fish with behavior profiles will be removed from the tanks, physically 

examined for external characteristics of smoltification and subjected to an adapted 

saltwater challenge assay to assess degree of smoltification (Clarke, 1982; Yeoh et al., 

1991, Strand et al., 2007).  All PIT tagged fish with behavioral profiles will be placed in a 

single 4.6 m diameter circular tank supplied with freshwater and two PIT tag antennae 

used to detect direction of swimming relative to current in the tank.  Fish will be allowed 

to acclimate to the tank for 3 days prior to turning on the PIT tag interrogators.  

Swimming behavior will be monitored for 24 hours, the water supply will then be 

switched to 30 ppt seawater and swimming behavior will be monitored for an additional 

24 hour period.  Upon introduction to seawater, the number of dead smolts will be 

recorded daily for 1 week.  We will test for differences in the swimming behavior in fresh 

and salt water between the two rearing groups.  We will test for differences in the 

distribution of behavioral types that successfully smolt (i.e., survive the seawater 

challenge) between S1 and S2 rearing treatments to test whether smolt rearing strategy 

selects against certain behavioral phenotypes thereby reducing adaptive behavioral 

variation in the hatchery population. 
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Task 2.4 Physiological assessment 
It is expected that the S1 and S2 growth treatments will create differing degrees of 

variation in fish growth.  To link growth history to individual phenotypes (smolt, parr, 

maturing male) we propose to PIT-tag all fish in one replicate of each treatment. In this 

replicate, all fish will be assessed for size in the fall and spring to determine if and when 

bimodality in growth begins.  Monitoring of growth in other replicates will be done as 

described above in Task 2.2.  Physiological assessments will be done at one time point in 

the spring when we expect fish to be in the peak of smoltification (April) to determine 

proportions of fish that are smolts, parr or maturing males.  At that time, 150 fish per tank 

will be randomly collected and euthanized.  Data on body size (lengths/weights) and GSI 

will be collected.  Digital photographs will be taken all fish for morphometric analyses of 

a subset of fish.  Information on external appearance such as silvering, presence of parr 

marks, nuptial coloration will be recorded (Nichols et al., 2008). Gills will be collected 

from all fish and frozen for measurent of Na
+
-K

+
-ATPase activity (McCormick, 1993 ).  

Plasma, pituitary glands, and testes will be collected from all males and frozen for later 

analyses.  Plasma levels of 11-KT will be meaured by immunoassay (Cuisset et al. 1994). 

Transcripts for pituitary FSH and testicular genes for steroid biosynthesis will be 

determined by quantitative real time RT PCR (Campbell et al. 2006; Kusakabe et al. 

2007). At the termination of the study in the fall of the third year, we will euthanize all 

fish, measure body weights and lengths, record information on external morphology and 

weigh the testis of all males for GSI determination as an index of maturation status.  

Some samples of testis tissue will be collected for histological analyses if the maturation 

status is not obvious from external morphology of the testis.  Data for all parameters will 

be analyzed by various multifatorial statistical models such as principal component 

analysis (to be determined after consultation with a statistician). 

Objective 3:  Develop methods to rear steelhead to their their natural 
modal age at smoltification (age-2). 

Based on the results of the hatchery- and laboratory-scale research, we will be able to 

determine whether the S2 rearing strategy produces smolts with increased survival, 

genetic, and life history diversity, and reduced potential for ecological interaction with 

natural origin steelhead.  If so, dissemination of the research findings to managers with 

interest in implementing S2 hatchery rearing would be of high importance.   
 

Task 3.1 Develop a program or spreadsheet tool featuring a temperature 
based growth model to guide hatchery scale production of age 2 smolts. 
 

Feed rations to achieve targeted S1 and S2 growth regimes will be determined based on a 

temperature-based growth model (Iwama xxxx).  The growth model will be incorporated 

into a spreadsheet that estimates daily growth rates, based on calculated conversion 

factors.  Mortalities will be recorded and the spreadsheet will recalculate total fish 

biomass per tank on a daily basis.  Feed rations will be re-adjusted after each biomass 

sample is taken and imputed and the accuracy of the spreadsheet in estimating growth 

rates will be evaluated for each tank throughout the rearing period.  During the second 
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and third years of the project, the spreadsheet will be modified to improve growth 

projections and the program will be developed in a user-friendly format and made 

available for distribution.
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Figure 1.  Timeline for the laboratory scale experiment.  This version allows time for permitting, infrastructure development, experimental set-up and possibly 

some wild fish sampling to provide size-at-age data for a natural growth template.  It does not allow time for data analysis and reporting to complete the project.  

The whole project could be shifted forward one year, but that would require permitting, set-up, infrastructure, etc, would need to be done before any funding is 

available. Ideally, we’d have a second year comparing S1 and S2, which would mean an S2(BY12) group that would smolt in May 2014, which would be in the 

next funding cycle, then data analysis and writing to finish out that contract FY 2013- 2015
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G. Facilities 
 

Freshwater culture facilities 

Manchester Research Station – 

Fish culture for the laboratory based behavioral and physiological experiments will be 

conducted at the Northwest Fishery Science Center‟s Manchester Research Station 

(MRS).  Two wells provide water for freshwater culture at MRS, and are capable of 

supplying 75 gallons per minute.  Well water from the primary well (60 gpm) is 

biologically filtered prior to use to remove deposit forming iron and manganese.  Water 

from the secondary well (15 gpm) does not require treatment.  Existing fish culture 

activities consume a variable portion of the freshwater budget.  Consequently, fish culture 

for this project will be conducted in a partially recirculating system supplied with 15 gpm 

make up water.  The recirculating system will be designed to provide 150 gpm of filtered, 

chilled, and UV sterilized water.  The ambient temperature of wellwater at MRS ranges 

from 9 to 14 C, and will need to be chilled to approximately 9 C during the late spring 

through early fall to accomplish the rearing strategy for S2 steelhead smolts.  Steelhead 

will be raised to produce S1 and S2 smolts in 1.85 meter diameter circular tanks.  Four 

replicate tanks will be used for each rearing strategy for a total of 8 rearing tanks. 
 

Winthrop National Fish Hatchery –  
The WNFH is operated by the USFWS, and currently releases 100,000 steelhead smolts 

annually.  The water source at WNFH is a combination of Methow River water and well 

water.  Steelhead are initially reared in rectangular tanks (2.5 m
3
) supplied with well 

water at a density index of 0.2 lbs/ft
3
/in until they reach a size of 10 fish/lb in winter.  

Steelhead are then transferred to 3.7m by 30.5m raceways supplied with a mixture of 

river and well water until release.  The percentage of river water is gradually increased 

through release time in mid-April.  Release is volitional over notched dam boards and 

through an underground pipe system that empties at the base of the collection ladder 

(USFWS HGMP, 2005).   

 

Six raceways will be used to rear steelhead at the WNFH.  Two replicate raceways will 

be used to rear S1 smolts sourced from broodstock collected at the Wells Dam Hatchery.  

The S2 smolts will be sourced from the naturalized strain collected from the upper 

Methow River.  The production goal (100,000 smolts) for each brood year smolts will be 

equally allocated to the S1 and S2 rearing strategies.  In any given year, four raceways 

will be occupied by S1 and S2 steelhead from the current brood year (e.g., 2011), and the 

remaining two raceways will be occupied by S2 steelhead from the previous brood year 

(e.g., 2010). 
 

Natural rearing channel 

A 45m by 6m experimental stream channel located at the NMFS Manchester Research 

Station can be used as an alternative to the hatchery rearing environment and to mimic 

natural rearing in a stream.  The facility provides the ability to introduce replicate groups 
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of juvenile fish and to manipulate rearing density.  The stream channel is supplied with 

35 gpm of makeup water that is recirculated by two 3.5 horsepower and two 5 

horsepower pumps.  Stream channel water is chilled to below 14 C in the summer 

months by a 7.5 ton chiller.  The stream channel substrate is composed of cobble and 

gravel which can be moved to create pool and riffle habitat typical of juvenile steelhead 

rearing habitat.  The channel environment can be further modified by changing 

temperature and/or flow and by adding additional structure and woody debris.  The 

channel is colonized by self sustaining invertebrate populations which provide a natural 

food source abundant enough to eliminate the need for supplemental feeding with 

artificial diets.   

 

Physiology and Genetics Laboratory Facilities at the NWFSC 

 

The NWFSC has state of the art molecular genetics, fish physiology and molecular 

endocrinology laboratories that are well equipped for genetics, biochemistry and 

physiology research on fish, including facilities for cell culture, molecular biology 

research and use of radioisotopes. All the necessary equipment and facilities for 

performing the enzyme and hormone assays, and molecular based sex identification are 

available for this project. The physiology lab is equipped with ultra-cold (4) and –20ºC 

freezers (3), refrigerators (4), chromatography cold-box (1); low-,high-, and ultra-speed 

centrifuges; electronic balances; ultramicrobalances; ovens, water baths, Packard 

COBRA II auto gamma counter, Packard TriCarb 1600TR liquid scintillation counter, 

fast performance liquid chromatography (Pharmacia FPLC) and high pressure liquid 

chromatography (HPLC; JASCO 88-PU), BioRad mini- gel electrophoresis & 

transblotting system, lyophilizor, microplate readers (visible; Molecular Devices 

VERSAmax tunable microplate reader and LMaxII-384; chemiluminescence); Perkin 

Elmer 24000 GeneAmp PCR system, ABI 3100 Genetic analyzer, ABI Prism 7700 

sequence detection system, NanoDrop ND-1000; dissecting and light microscopes (Nikon 

ECLIPS E4000) laminar flow cell culture hood; low and high temperature incubators; 

inverted phase-contrast microscope. We have also all required equipment for histology 

(microtome; Leica RM 2165, cryostat; Reichert-Jung Cryocut 1800, tissue processor; 

Shandon Hypercenter XP). The NWFSC also has core facilities that are available to staff 

scientists: DNA sequencers (3, ABI 3100 Genetic analyzers), a confocal microscope, and 

electron microscope.  The genetics laboratory at the NWFSC is equipped with robotics 

for DNA isolation and sequencing in the 384-well format, thus analysis of large numbers 

of samples (>1000) can be done efficiently and cost-effectively.   
 

To conduct polymerase chain reactions (PCRs), we have two MJ Research Tetrad 

thermocyclers and an MJ Research single block thermocycler. Fragment analysis of PCR 

products is carried out on an Applied Biosystems 3100 capillary electrophoresis system. 

We also make extensive use of a Matrix 96-syringe automated pipettor. 
 

 

Salmon and steelhead behavior laboratory 

A pair of 10m by 1.5m indoor laboratory flumes will be used to conduct behavioral 

assays of juvenile steelhead trout.  The left and right sides of each flume are constructed 
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of double paned glass to accommodate viewing and videography.  The flumes are 

illuminated by overhead banks of widespectrum fluorescent lights controlled by 

electronic timers set to maintain a natural photoperiod.  Each flume is supplied with up to 

30 gpm well water that is delivered to individual aquaria through a manifold that doubles 

as an underwater delivery feeding system.  After the water leaves the isolated aquaria via 

a standpipe, it serves as a water bath.  Water temperature is adjustable from 8 to 15 ºC 

and maintained by a 3 horsepower chiller.   Video recording of behavioral assays is 

accomplished using a digital video recorder (DVR) and high definition black and white 

video cameras mounted on tripods.  The DVR can record up to 16 individual fish 

simultaneously.  The DVR is networked to a computer to manage and format recordings 

for analysis.  Digital video footage is reviewed on a television or computer monitor and 

scored and analyzed using the J-Watcher behavioral software (Blumstein et al. 2006). 
 

PIT tag interrogation network –  

Post-release monitoring of steelhead smolts will be accomplished using existing PIT tag 

interrogation installed, operated, and maintained by the USGS to monitor habitat 

restoration in the Methow River watershed, and by the PIT tag detection systems at 

McNary Dam.  The USGS PIT tag detection array will feature 3 continually operated PIT 

tag interrogation systems (PTIS); one in the mainstem Methow River just above its 

confluence with the Chewuch River, one in the Chewuch River near its mouth, and one in 

the mainstem Methow River just above its confluence with the Twisp River.  Efficiency 

of detection is expected to vary with size of the PIT tag unit, site characteristics, and size 

of the system. Following Connolly et al. (2008), estimates of detection efficiency will be 

determined when and where feasible.  In addition to the mainstem PTIS, at least four 

small single antennae will be installed in side channels of the Methow River in the 

restoration and reference reaches.   The locations of the PTIS in the Methow River 

watershed are depicted in Figure X (below).  We will also interrogate PIT tagged fish at 

McNary Dam.  In early 2002, 134.2 kHz PIT tag detectors were installed in pairs of weir 

orifices in both the McNary Dam Oregon (MC1) and Washington (MC2) ladders.  

Additionally, two PIT tag detectors were installed at the Oregon counting window as part 

of the MC1 system. 
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Abstract 

 

Public Utility District No. 1 of Douglas County (Douglas PUD) implements hatchery programs as part of the Habitat 

Conservation Plan (HCP) agreement relating to the operation of the Wells Hydroelectric Project.  The HCP defines 

the goal of achieving no net impact (NNI) to anadromous fish species affected by operation of Wells Dam.  The 

HCP identifies general program objectives as “contributing to the rebuilding and recovery of naturally reproducing 

populations in their native habitats, while maintaining genetic and ecologic integrity, and supporting harvest.  The 

HCP further establishes a Hatchery Committee charged with defining specific hatchery program objectives and 

developing a monitoring and evaluation (M & E) program to determine if the hatchery objectives are being met.  

The HCP specifies that this plan will be reevaluated and adjusted, if need be, every five years.  The purpose of this 

plan is to provide the conceptual framework to monitor and evaluate the success of the hatchery programs.  This will 

in turn provide information to the HCP Hatchery Committee to manage these programs. 

Introduction 

In April 2002, negotiations on the Wells Habitat Conservation Plan (HCP) were concluded (DPUD 2002).  The HCP 

is a long-term agreement between Douglas PUD, National Marine Fisheries Service (NOAA Fisheries), the 

Washington Department of Fish and Wildlife (WDFW), the U. S. Fish and Wildlife Service (USFWS), the 

Confederated Tribes of the Colville Reservation (Colville Tribes) and the Confederated Tribes and Bands of the 

Yakama Nation (Yakama Nation)
 4
.  The HCP objective is to achieve No Net Impact (NNI) for each plan species 

(spring Chinook salmon, summer/fall Chinook salmon, sockeye salmon, steelhead, and coho salmon of upper 

Columbia River (UCR) Basin) affected by the hydroelectric project.  NNI consists of two components: (1) 91% 

combined adult and juvenile project survival achieved by project passage improvements implemented within the 

geographic area of the Project, (2) up to 9% compensation for unavoidable project mortality provided through 

hatchery and tributary programs, with a maximum 7% compensation provided through hatchery programs and 2% 

compensation provided through tributary programs. The signatory parties intend these actions to contribute to the 

rebuilding of tributary habitat production capacity and basic productivity and numerical abundance of plan species.  

Previous artificial propagation commitments to compensate for habitat inundation are carried forth in the HCP
5
. 

 

The Joint Fisheries Parties (JFP) include fishery resource managing agencies that are signatories to the HCP 

agreements and responsible for developing species-specific hatchery program goals.  At this time, the WDFW, the 

USFWS, the Colville Tribes, the Yakama Nation and NOAA Fisheries constitute the JFP in regards to the HCP 

agreements. The JFP has agreed that hatchery programs for anadromous salmonid tributary populations (Methow 

and Okanogan) will attempt to follow the concepts and strategies of supplementation as defined and outlined in 

RASP (1992) and Cuenco et al. (1993).  While hatchery programs for those salmonid population(s) that are released 

directly into the Columbia River will follow conventional hatchery practices associated with harvest augmentation.   

The Entiat River has been selected as a potential reference stream (population) for hatchery evaluations purposes, 

and as such, no new HCP hatchery supplementation programs will be initiated in that watershed.  Conversely, 

conventional hatchery practices will continue to be utilized for plan species released into the mainstem Columbia 

River.  The primary goal of these hatchery programs continues to be both inundation compensation and harvest 

augmentation.   

 
The HCP Hatchery Committee (HCP HC) is responsible for developing a monitoring and evaluation (M&E) plan to 

assess overall performance of Douglas PUD‟s hatchery programs in achieving the general program objective of 

“contributing to the rebuilding and recovery of naturally reproducing populations in their native habitats, while 

maintaining genetic and ecologic integrity, and supporting harvest as well as defining and monitoring specific 

hatchery program objectives”. The HCP HC has developed and adopted goals for specific hatchery programs.  The 

various goals of those programs are outlined below:   

 

                                                           
4
 The Yakama Nation signed the HCP on March 24, 2005. 

5
 For further information on the HCPs, and the creation and role of the Hatchery Committees, please see the HCP 

(DPUD 2002). 
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1. Support the recovery of ESA listed species
6
 by increasing the abundance of the natural adult population, 

while ensuring appropriate spatial distribution, genetic stock integrity, and adult spawner productivity.   

 

Hatchery Programs: Methow spring Chinook; Methow steelhead; and Okanogan steelhead 

 

2. Increase the abundance of the natural adult population of unlisted plan species, while ensuring 

appropriate spatial distribution, genetic stock integrity, and adult spawner productivity.  In addition, 

provide harvest opportunities in years when spawning escapement is sufficient to support harvest. 

 

Hatchery Programs: Methow summer/fall Chinook; Okanogan sockeye
7
 

 

 

3. Provide salmon for harvest and increase harvest opportunities, while segregating returning adults from 

natural spawning populations.  

 

Hatchery Programs: Wells summer/fall Chinook 

 

As previously mentioned, Douglas PUD‟s hatchery program encompasses two different hatchery strategies that 

address different goals due in part to the purpose in which the program was created.  The main focus and an 

important goal of the hatchery program is to increase the natural production of fish in the tributaries that will aid in 

the achievement of no net impact (NNI) and in the recovery of ESA listed stocks.  This is accomplished through the 

strategy of supplementation.  Simple put, supplementation uses broodstock for the hatchery program from a target 

stream or area, the offspring of which are reared in a hatchery and released back to the target stream or area.  Fish 

will be reared and released in a manner that ensures appropriate spatial distribution and genetic integrity of the 

populations being supplemented.  Subsequently, these juvenile hatchery fish will return as adults to supplement the 

natural spawning population with the intent of increasing the natural production of the population.   

The fundamental assumption behind the theory of supplementation is that hatchery fish returning to the spawning 

grounds are “reproductively similar” to naturally produced fish.  There is some information that suggests that this 

may not be true.  Therefore, one of the questions that will be answered through this M&E plan is how effective are 

hatchery-origin salmon and steelhead at reproducing in the natural environment.   

 

One of the important aspects of this Plan is to compare changes in productivity of a supplemented population to a 

non-supplemented population.  Potential reference streams (e.g., Entiat) should have similar biotic and abiotic 

components as experimental streams.  Preliminary determinations regarding the suitability of potential reference 

streams or areas within streams will be made based on the following criteria (these criteria are not considered all 

inclusive at this time): 

 

 No recent (within last 5-10 years; two generations) 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 on analysis of empirical information 

  

 

                                                           
6
 While the HCP is not a recovery plan into itself, the hatchery component of it must be consistent with hatchery 

goals and objectives through the ESA, and as such should aid in the recovery of listed fish. 
7
 Evaluation of the Douglas PUD Okanogan Sockeye obligation is conducted through the implementation of the 

Fish-Water Management Tool Program.  
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The question of how effective hatchery-origin salmon and steelhead are at reproducing in the natural environment 

will be answered in separate studies (i.e., DNA pedigree) that will eventually be added to this plan.  Results from 

ongoing reproductive success studies (Wenatchee spring Chinook) as well as future studies (Upper Columbia 

steelhead) will be incorporated into the Plan on a continual basis.   This plan recognizes that it is important to 

manage the numbers of hatchery fish spawning in the wild and the proportion of naturally produced fish in the 

broodstock.  The further development of goals to achieve these mutual management actions will be developed by the 

HCP HC in the future and will be incorporated within the M&E plan at that time.    

 

The second strategy is intended to increase harvest opportunities.  This is accomplished primarily with releases of 

hatchery fish into the mainstem of the Columbia River or other terminal areas with the intent that the returning 

adults be harvested.  Additionally non harvest fish should remain segregated, from the naturally spawning 

populations. 

 

 

Conceptual Framework of the Monitoring and Evaluation Plan 

 

It is important that the M&E Plan has obtainable goals, and that the objectives and strategies are clearly linked to 

those goals.  Figure 1 depicts the generalized conceptual model that this M&E Plan will follow.  The hypotheses that 

will be tested under the objectives will be based on previous monitoring and evaluation information (i.e., key 

findings), and from the Biological Assessment and Management Plan (BAMP, 1998).  Strategies, and the 

subsequent research, monitoring and evaluation, will clearly link to and provide feedback for the objectives.   

 

The HCP specifies that the M&E Plan will be reevaluated, and revised if necessary every five years.  It is important 

that information is collected through the evaluation plan that will enable the committee to make changes if needed.  

One of the challenges presented in developing the M&E Plan is to develop quantifiable metrics  that support the 

goals of the hatchery programs.  As such, it will be necessary to develop a conceptual framework for not only the 

M&E Plan, but for each objective to determine what types of information is required.  A hierarchal approach to 

accomplishing the objectives would optimize data collection, analysis, and resources required to implement the Plan.  

Some of the data collection tasks will not need to be performed unless a data gap appears from other monitoring 

efforts.    
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Figure 1.  Conceptual model of how goals, objectives, strategies, and monitoring and research interrelate. 

 

Monitoring and Evaluation Plan Objectives 

 

The objectives (and subsequent hypotheses) of the Plan are generated in part from existing evaluations plans, the 

BAMP, and support the Hatchery Program Goals as defined by the HCP HC. 

 

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 the changes in the natural 
replacement rate (NRR) of the supplemented population is 
similar to that of the non-supplemented population. 

 

Hypotheses: 

 

 Ho:    Total spawners Supplemented population >  Total spawners Non-supplemented population  
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 Ho:    NOR
8
 Supplemented population ≥  NOR Non-supplemented population 

 

 Ho:    NRR Supplemented population ≥  NRR Non-supplemented population  

 

 

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: 

 

 Ho:  Migration timing Hatchery = Migration timing Naturally produced  

 

 Ho:  Spawn timing Hatchery = Spawn timing Naturally produced   

 

 Ho:  Redd distribution Hatchery = Redd distribution Naturally produced  

 

 

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.  

 

Hypotheses: 

 

 Ho:  Allele frequency Donor = Allele frequency Naturally produced = Allele frequency Hatchery  

 

 Ho:  Genetic distance between subpopulations Year x = Genetic distance between subpopulations Structure 

Year y  

 

 Ho:  Spawning Population =  Effective Spawning Population  

 
 Ho:  Ho:  Age at Maturity Hatchery = Age at Maturity Naturally produced  

 

 Ho:  Size at Maturity Hatchery = Size at Maturity Naturally produced 

 

 

Objective 4: Determine if the hatchery adult-to-adult survival (i.e., hatchery 
replacement rate, HRR)9 is greater than the natural adult-to-adult 
survival (i.e., natural replacement rate, NRR) and equal to or 
greater than the program specific HRR expected value 
(BAMP1998).   

                                                           
8
 Natural Origin Recruits.  

9
 See Table 1 for HRR.  
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Hypotheses: 

 

 Ho:  HRR Year x  NRR Year x  

 

 Ho:  HRR  Expected value per assumptions in BAMP 

 

 
Objective 5: Determine if the stray rate of hatchery fish is below the acceptable levels to maintain genetic variation 

between stocks. 

 

Hypotheses: 

 

 Ho:  Stray rate Hatchery fish < 5% total brood return 

 

 Ho:  Stray hatchery fish < 5% of spawning escapement of other independent populations
 10

 

 

 Ho:  Stray rate Hatchery fish < 10% total within independent populations 
11

 

 

 

Objective 6: Determine if hatchery fish were released at the programmed size and number. 

 

Hypotheses: 

 

 Ho:  Hatchery fish Size = Programmed Size 

 

 Ho:  Hatchery fish Number = Programmed Number 

 

 

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: 

 

 Ho:   smolts/redd Supplemented population >  smolts/redd Non-supplemented population   

 

 

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

appropriate. 

 

Hypotheses: 

 
 Ho:  Harvest rate  Maximum level to meet program goals  

 

 

Regional Objectives 

                                                           
10

 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. 
11

 This stray rate is suggested based upon a literature review.  It can be re-evaluated as more information on 

naturally produced Upper Columbia salmonids becomes available.  The selected values will be evaluated on a 

species and program specific basis and decision. 
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Two additional objectives will be included within the total framework of this plan because they are related to the 

goals of the programs funded by Douglas PUD and other hatchery programs throughout the region.  These regional 

objectives will be implemented at various levels into all M&E plans in the upper Columbia Basin region (Douglas 

PUD, Chelan PUD, Grant PUD, USFWS, and CCT).  These objectives may be more suitable for a specific 

hatchery or subbasin, the results of which could be transferred to other locations.  As such, the HCP HC should 

ensure that these efforts are coordinated throughout the region so resources are used efficiently.  Other objectives 

that are deemed more regional in nature, per HCP HC, could also be included in the section. 

 

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.        

  

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?
12

  

 

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. 

 

 

Objective 10: Determine if the release of hatchery fish impact non-target taxa 
of concern (NTTOC) within acceptable limits. 

 

Hypotheses: 

 

 Ho:  NTTOC abundance Year x = NTTOC abundance Year y 

 

 Ho:  NTTOC distribution Year x = NTTOC distribution Year y  

 

 Ho:  NTTOC size Year x = NTTOC size Year y  

 

 

 

                                                           
12

 Hypothesis statements for these monitoring questions will be developed.  
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Detailed Objectives 

 
Below, we detail the objectives, generate hypotheses, and describe the importance of each objective in 

accomplishing goals of the plan.  

 

Objective 1:  Determine if supplementation programs have increased the number of naturally spawning 

adults of the target population relative to a non-supplemented population 

 

At the core of a supplementation program is the objective of increasing the number of spawning adults (both 

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).  All other 

objectives of the M&E Plan either directly support this objective or minimize impacts of the supplementation 

program to non-supplemented population.  Specific hypotheses tested under this objective are: 

 

Ho:    Total spawners Supplemented population >  Total spawners Non-supplemented population 

 

Ho:    NOR Supplemented population ≥  NOR Non-supplemented population 

 

Ho:    NRR Supplemented population >  NRR Non-supplemented population 

 

The supplementation program should in all cases increase the number of spawning 
adults (i.e., hatchery origin).  If the supplementation program does not increase the 
number of spawners, the subsequent increase in natural produced fish cannot occur.  
Under this scenario, poor survival or high stray rates of the hatchery fish will prevent the 
objectives and goals of the hatchery program from being met.  
 
When an increase in the spawning population has been observed, the subsequent increase in naturally produced 

retuning adults is determined by comparing the natural replacement rate of the treatment population to a reference 

population (i.e., non-supplementation fish).  If supplementation fish do have a similar reproductive success as 

naturally produced fish, then the trend of the NRR of both populations should not differ over time.  Should 

divergence of the NRRs occur and the treatment population NRR does decline over time, the level or strategy of 

supplementation will be reevaluated by the HCP HC and appropriate adjustments to the program would be 

recommended. 

 

If reference streams are not available for all hatchery programs or are not suitable due to 1) effects of other hatchery 

programs or 2) biotic or abiotic conditions are different from the treatment stream, an alternate experimental design 

needs to be considered to examine this important aspect of the Plan.  Relative productivity of hatchery and naturally 

produced fish can be empirically measured using DNA pedigree approach study design.  This approach may not be 

logistically feasible for all programs (i.e., too many fish to sample or poor trap efficiency).  Alternatively, a temporal 

rather than a spatial reference stream can be used.  This approach would involve not releasing hatchery fish in a 

specific stream for at least one generation and determine if a change in the NNR is observed without hatchery fish 

present on the spawning grounds.  Regardless of the approach or experimental design used, this component of the 

Plan is crucial and must be examined in order to determine if supplementation will result in an increased number of 

naturally produced adults. 

 

Another important comparison, with or without reference streams, can be made by looking at different parental 

crosses (treatments) and what affects these crosses may have on NRR and HRR.   

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.   
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Supplementation is an integrated hatchery program.  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).  Specific hypotheses tested under this objective are:     

 

Ho:  Migration timing Hatchery = Migration timing Naturally produced  

 

Ho:  Spawn timing Hatchery = Spawn timing Naturally produced  

 

Ho:  Redd distribution Hatchery = Redd distribution Naturally produced  

 

Broodstock collection and spawning protocols should ensure appropriate run timing and spawn timing of the 

supplemented fish, respectively.  Observed differences in these indicators would suggest that protocols be 

reevaluated.  Differences in redd distributions will be evaluated based upon the location that carcasses were 

recovered during spawning ground surveys.  However, freshets or fall floods may limit the utility of these data.  If 

the accuracy of carcass recovery location is questionable (i.e., floods), a more precise, although more labor 

intensive, indicator for redd distribution would involve determining the origin of actively spawning fish. 

 

 

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 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.  Maintaining the long-term fitness of supplemented 

populations, per the HCP Hatchery Program goals, 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 already addressed under other objectives.   

 

Theoretically, a supplementation program should maintain genetic variation present in the original donor population, 

and as a program proceeds, genetic variability in hatchery- and naturally-produced fish in the supplemented 

population should be similar.  Loss of within-population variation is a genetic risk of artificial production programs, 

and genetic divergence between hatchery and natural components of a supplemented population may lead to a loss 

of long-term fitness. 

 

Differences in genetic variation among neighboring populations maintain the genetic population structure of 

drainages, basins, and regions.  Mixing of populations in the hatchery (e.g., improper broodstock collection) or in 

the natural environment (e.g., excessive straying of hatchery fish) may lead to outbreeding depression and a loss of 

long-term fitness.  Loss of between-population variation is also a genetic risk of artificial production programs, and 

can lead to long-term fitness loss at a scale larger than the population targeted for supplementation.  Specific 

hypotheses tested under this objective for these issues are:       

 

Ho:  Allele frequency Hatchery  = Allele frequency  Natural = Allele frequency  Donor  

 

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

 

Supplementation should increase spawning population abundance as a result of high juvenile survival in the 

hatchery.  Associated with an increase in returning spawner abundance should be an increase in effective population 

size (i.e., the number of actual breeders that produce successful offspring; Ne).  The relative proportion of hatchery-
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origin spawners that participate in natural spawning is an important factor in realizing improvements in Ne.  A 

disproportionate number of hatchery spawners may cause inbreeding depression if their level of relatedness is 

relatively high due to expected high juvenile survival.  A decrease in reproductive success and thus lowered Ne is an 

expected result of inbreeding. Lowered genetic variability is also expected.  Achieving a larger Ne in a supplemented 

population should improve long-term fitness.  The specific hypothesis tested under this objective for this issue is: 

 

Ho: Spawning Population Size Change = Effective Population Size Change 

 

Results of domestication selection may be expressed through changes in life history patterns.  Changes in 

phenotypic traits can result from inadvertent selection during artificial propagation and rearing.  Persistence of 

selection effects will be influenced by the genetic basis of a trait.  Age and size at maturity are two important 

phenotypic traits that have not been already addressed in the Plan.  Should domestication selection be found, 

changes in broodstock collection protocols and hatchery operations would be required. Specific hypotheses tested 

under this objective for this issue are: 

 

Ho:  Age at Maturity Hatchery = Age at Maturity Naturally produced  

 

Ho:  Size at Maturity Hatchery = Size at Maturity Naturally produced  

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).   

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.  Specific hypotheses for this objective are:      

 

Ho:  HRR year x  NRR year x  

 

Ho:  HRR  Expected value per assumptions in BAMP 

Using five-year mean and determining trends in survival of specific programs would 
address interannual variability in survival.  Although annual differences among 
programs would still be analyzed to detect within year differences, which could explain 
some the variability among programs.  Specific recommendations to increase survival 
would be provided for programs in which the HRR do not exceed the NRR or the 
expected values.  

 

Table 1.  The expected smolt to adult (SAR) and hatchery replacement rates (HRR) for 
Wells Complex programs based on assumptions provided in BAMP (1998). 

Program SAR HRR 

Methow spring Chinook 0.0030 4.5 

Chewuch spring Chinook 0.0030 4.5 
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Twisp spring Chinook 0.0030 4.5 

Wells summer Chinook (yearlings) 0.0030 4.9 

Wells summer Chinook (subyearlings) 0.0012  3.0 

Wells steelhead 0.0100 19.5 

 

 

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., acclimation, release methodology and location) are the main 

variables that 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 that 10% of the spawning population.  Specific 

hypothesis for this objective is:      

 

Ho:  Stray rate Hatchery fish < 5% total brood.  

 

Ho:  Stray rate Hatchery fish < 10% within independent populations 

 

Stray rates should be calculated using the estimated number of hatchery fish that spawned in a stream and CWTs 

were recovered.  Recovery of CWT from hatchery traps or broodstock may include “wandering fish” and may not 

include actual fish that spawned.  Special consideration will be given to fish recovered from non-target streams in 

which the sample rate was very low (i.e., sample rate < 10%).  Expansion of strays from spawning ground surveys 

with low sample rates may overestimate the number of strays (i.e., random encounter).  

 

The rate and trend in strays from hatchery programs will be used to provide recommendations that would lead to a 

reduction in strays.  Depending on the severity, hatchery programs with fish straying out of basin will be given high 

priority, followed by strays among independent populations, and finally strays within an independent population.     

 

 

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 experience with these stocks should assist 

in minimizing impacts to the program.  Specific hypotheses for this objective are:      

 

Ho:  Hatchery fish Size = Programmed Size 

 

Ho:  Hatchery fish Number = Programmed Number 

 

Understanding causes of not meeting programmed release size or goal is important for the continued success of the 

program.  Systematic problems must be identified and managed properly to achieve the objective(s) and goal of the 

program.  Annual and some stock specific issues may be addressed via changes in hatchery operations.   

A review of broodstock collection protocols every five years should occur concurrently 
with an evaluation of the number of fish released from each hatchery.  In addition, the 
assumptions under pinning the HCP size at release goals should be evaluated and if 
necessary should be adjusted based upon the best scientifically based conclusions.  In 
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the absence of such studies, the HCP size at release goal should be the target for each 
hatchery program. 

 

Objective 7: Determine if the proportion of hatchery fish on the spawning grounds affect 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 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 smolt monitoring programs in the 

Upper Columbia ESU is to determine the egg-to-smolt 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.   

 

A critical uncertainty with the theory of supplementation is the reproductive success of hatchery fish.   Given the 

dependence of hatchery fish to assist in achieving program and recovery goals, monitoring smolt production with 

respect to the proportion of hatchery fish on the spawning grounds is critical in understanding subsequent adult-to-

adult survival.  While some factors that affect freshwater production require years or decades to detect change in 

productivity (e.g., habitat quality and quantity), other factors (e.g., spawner density and number of hatchery fish) can 

be adjusted annually in most tributaries.   

 

The number of smolts per redd (i.e., smolt production estimate divided by total number of redds) will be used as an 

index of freshwater productivity.  While compensatory mortality in salmonid populations cause survival rates to 

decrease as the population size increases, inferences regarding the reproductive success of hatchery fish may be 

possible by carefully examining and understanding this relationship.  Inherent differences in productivity are 

expected among tributaries (spatial), changes in relative differences among years (temporal) would suggest 

differences in spawner productivity.  Negative effects could then be minimized through actions take by the 

management agencies.  Specific hypothesis for this objective is:       

 

Ho:   smolts/redd Supplemented pop.  >  smolts/redd Non-supplemented pop.  

 

Robust smolt production models derived from basin specific data are critical to this objective.  In addition, accurate 

estimates of the proportion of hatchery fish on the spawning grounds will be needed.  Inferences regarding the 

freshwater productivity cannot be made until both of these requirements are satisfied.  Alternatively, DNA pedigree 

studies can be used to assess the relative freshwater production of hatchery and naturally produced fish within a 

tributary.  

 

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

appropriate. 

 

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 broodstock requirements), surplus fish are available for harvest 

(i.e., target population).  Harvest or removal of surplus hatchery fish from the spawning grounds would also assist in 

reducing genetic impacts to naturally produced populations (loss of genetic variation within and between 

populations).  Specific hypotheses for this objective are:       

 

Ho:  Harvest rate  Maximum level to meet program goals  

 

A robust creel program on any fishery would provide the precision needed to ensure program goals are met.  In 

addition, creel surveys would be used to assess impacts to non-target stocks.   

 

 

Regional Objectives 
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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 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?
13

  

 

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. 

                                                           
13

 Hypothesis statements for these monitoring questions will be developed.  
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 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  

 

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. 

 

 

Objective 10: Determine if the release of hatchery fish impact non-target taxa of concern (NTTOC) within 

acceptable limits. 

 

Supplementation of any stock or species will increase demand for resources and the potential of species interactions.  

The benefits gained from supplementation must be balanced with the ecological costs of the releasing hatchery fish 

into the ecosystem.  Resource managers must be aware of and monitor potential impacts of supplementation related 

activities to non-target taxa.  This is more important when supplementation activities involving more than one taxon 

are occurring simultaneously. For example, within the Methow Basin supplementation programs (i.e., spring 

Chinook, summer/fall Chinook, and steelhead), a spring Chinook harvest augmentation program and a coho 

reintroduction program release fish annually.  At full program, the number of hatchery fish released into the Methow 

Basin would be approximately 2.4 million.  Theoretical or realized benefits from supplementation activities may be 

at a cost to other taxa that are too great for the program to be deemed successful.  In extreme cases, the costs of such 

activities may negate benefits of similar activities within the same subbasin.  For example, predation by residualized 

hatchery steelhead may reduce the abundance of naturally produced spring Chinook fry that may subsequently result 
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in a lower number of naturally produced adult spring Chinook. 

 

In the Upper Columbia River ESU, a target species in one program is likely a non-target species in another program.  

The extent of spatial overlap is a decisive factor in determining the potential for ecological interactions and the 

associated risk.  Consideration must be given to those fish that pose the greatest risk to NTT.  Busack et al. (1997) 

categorized NTT into two classes.  Strong interactor taxa (SIT) are those species that potentially could influence the 

success of the program through predation, competition, disease transmission or mutualistic relationships.  Other 

NTT are classified as stewardship or utilization taxa (SUT), which are important ecologically or have high societal 

value.  

 

 

Monitoring and evaluation plans concentrate efforts on the target species with little effort pertaining to the direct or 

indirect impacts to non-target species.  In the Upper Columbia River ESU, a target species in one program is likely a 

non-target species in another program.  There are also some stocks and species in which no artificial propagation 

programs have been initiated and as a result are non-target for all existing hatchery programs.   While impacts to 

non-target taxa are often preconceived to be negative (e.g., competition, predation, behavioral, and pathogenic), 

positive impacts may also occur (e.g., nutrient enhancement and prey).  Monitoring efforts will be concentrated on 

those interactions that pose the highest risk of limiting the success of the programs and deemed important for 

ecological reasons.  Specific hypotheses for this objective are:      

 

Ho:  NTTOC abundance Year x = NTTOC abundance Year y 

 

Ho:  NTTOC distribution Year x = NTTOC distribution Year y  

 

Ho:  NTTOC size Year x = NTTOC size Year y  

 

 

If changes in abundance, distribution, and size of NTTOC occur, other information will need to be considered before 

attributing the changes to the hatchery program. 

 

 

Strategies  

 

The hypotheses and strategies that have been created in this plan were developed from the objectives of the hatchery 

program (Figure 1).  As such, it is important to consider the goals and how they relate to the overall vision of the 

hatchery program, which is to meet NNI.  The strategies outlined in this plan form the basis for how information 

will be collected and analyzed. 

 

Commonalities among certain strategies and hypotheses will provide efficiencies in data collection and analysis.  A 

detailed explanation of each strategy employed in the Plan is provided in the appendices to ensure repeatability in 

protocols, data collection, and analysis.   

 

Other strategies and potentially hypotheses may be developed after information is collected and analyzed through 

the five-year review as specified in the HCP. 

 

 

Indicators  
 

An important function of the Plan is to define the indicators and methods used to measure the effect of hatchery fish 

on naturally spawning populations, guide hatchery operations and subsequent M&E activities.  The indicators in the 
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M&E Plan describe the biological data of interest.  The protocols describe the strategy or methodologies used to 

measure or calculate the indicator.  These are found in the appendices.  The M&E Plan will also enable the hatchery 

committee to assess the progress toward meeting the goals and objectives of the hatchery program.  The plan will be 

used to assure that the proper information is collected, and can be used to reevaluate hatchery production levels in 

2013.  In order to do this, each objective must have a: 

 

 Indicator:  A description of the biological data of interest.  Each indicator must have a standardized 

methodology or protocol to ensure accuracy and precision are consistent spatially and temporally.  

 

 Baseline condition:  Each indicator must have a measurement or range of measurements (spatially and 

temporally) against which future conditions will be compared.  

 

 Target:  A scientifically defendable value that when obtained would lead to meeting the objective(s).   

 

 Performance Gap:  The difference in the baseline condition of an indicator and the target. 

 

In order to refine the monitoring and evaluation plan with an appropriate detail, indicators are distributed into three 

categories: 1) the primary indicators that will be used initially to quantitatively assess if the objectives of the 

programs are being achieved (i.e., was the target reached or exceeded); 2) secondary indicators that will be used to 

collect information annually and may be used to calculate the primary indicator or assess whether the objectives are 

being reached in conjunction with the primary indicators; and 3) tertiary indicators that will be used when secondary 

indicators fail to explain some critical uncertainties in reaching the target.  Primary indicators may reflect 

performance on a longer (temporal) or larger (spatial) scale where secondary and tertiary indicators are often used to 

drive smaller scale adjustments and refinements in operations to improve the likelihood of meeting the target.   

 
To the extent possible, the objectives of this Plan must be quantifiable.  The HC specified the capability to assess if 

the goals are being achieved.  To assess this, indicators were developed that have targets associated with them that 

enable the HC to determine if the hatchery program is meeting objectives (see Tables 3 and 4).   

 

Due to the variability in survival, monitoring and reporting will be conducted annually but evaluation of most 

objectives will be conducted over a five-year period.  Measurements will center on the established indicators and 

whether the targets are being met. Trends in the primary indicators rather than simply the five-year mean will be 

important in determining if objectives are being achieved.  Primary and secondary indicators will be calculated when 

needed (as dictated by the information obtained).  However, in the event that these indicators fall below the agreed 

to target values, tertiary indicators may be required to explain the differences observed (uncertainty) and also a 

possible course of action.  

 

Realistic targets for the indicators need to be identified. Targets set too low may lead to a perceived short-term 

success, but may ultimately result in the long-term failure of the hatchery program.  Conversely, targets that are too 

high may lead to an unnecessary use of resources and a low cost-benefit ratio.  The proposed initial targets for 

indicators appear in Table 3. 

 

Supplementation is a strategy used in most of the hatchery programs (except Wells summer/fall Chinook) and will 

be the focus of discussion.  As mentioned earlier, supplementation by definition implies that naturally spawning 

hatchery fish possess a similar reproductive potential as naturally produced fish.  This critical uncertainty associated 

with the theory of supplementation is a primary focus of the M&E Plan and logically a majority of the primary 

indicators in this plan are related to testing this uncertainty.  Thus, the targets of many of the indicators are based on 

measurements taken from naturally produced populations, both temporally and spatially (i.e., Before-After-Control-

Impact Design or BACI).  Under this statistical design, inferences can be made regarding the effectiveness of 

supplementation in achieving the goals of the hatchery program.  Without the use of a control or reference 

population, changes in the indicators over time could not be attributed to the supplementation fish.  Due to potential 

multiple treatment effects, a direct comparison of the indicators may be invalid.  Instead, 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 
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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  

Redd capping    X X  
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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 

 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 

Indicators Level 

Strategies 

S
p

a
w

n
in

g
 g

ro
u

n
d

 

 s
u

rv
ey

s 
C

re
el

 s
u

rv
ey

s 

B
ro

o
d

st
o

ck
 c

o
ll

ec
ti

o
n

 

H
a

tc
h

er
y 

sp
a

w
n

in
g

 

H
a

tc
h

er
y 

ju
ve

n
il

e 
 

sa
m

p
li

n
g

 

S
m

o
lt

 t
ra

p
p

in
g

 

R
es

id
u

a
l 

sa
m

p
li

n
g

 

P
re

co
ci

ty
 s

a
m

p
li

n
g

 

P
IT

 t
a

g
g

in
g

 

C
W

T
 t

a
g

g
in

g
 

R
a

d
io

 t
a
g

g
in

g
 

G
en

et
ic

 s
a

m
p

li
n

g
 

D
is

ea
se

 s
a

m
p

li
n

g
 

S
n

o
rk

el
 s

u
rv

ey
s 

R
ed

d
 c

a
p

p
in

g
 

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 

indicators 

 L
Level 

 Strategies 
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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 

 L
Level 

 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 

 

 

Implementation 
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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. 

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). 
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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 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. 

 

 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.  
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Stock 

Cumulative passage dates during  

trapping period
1
 

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 spring
1
  

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. 

 
 

 

 

 

 

Table 3.  Historical trap extraction rates and required escapement levels to achieve broodstock goal under average 

extraction rates. 

Week MetComp
1
  

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 



Appendix B 

33 

 

Stock 
Broodstock goal 

Required                                                                                                     
escapement 

Observed extraction rate
1 

 

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.   

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 
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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. 

 

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 
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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 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. 

 



Appendix B 

36 

 

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.   

 

 

 

 

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) 
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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 

  

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) 
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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 

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 

 

 

 

 

 

 



Appendix B 

39 

 

 

 

 

 

 

 

 

 



Appendix B 

40 

 

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). 

 

a. Monitor run timing at Columbia River dams and make comparisons using previous years data. 
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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 period
1
 

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 spring
1
  

 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). 
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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. 

 

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.   
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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 (ft
3
) 

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 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. 
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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. 
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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.  

 

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. 
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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. 
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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. 

 

c. Examine all fish for external marks as a result of trap efficiency trails and 

record them as recaptures. 
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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 =  

 

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: 

i i iE R M



Appendix B 

56 

 

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; r
2
 ≤

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: 

 

Variance for daily emigration estimate = var 2  ( )
N N

E E M

E
i i

p p

p

1
2

 

        

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.  

 

 / N C ei i i

var

MSE 1
)

1 s
2

2

X
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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.   

 

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.     
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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. 
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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 

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. 
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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 (
total

n ).   

 

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. 
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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. 

 

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 
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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
n

IP
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
n

RT
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. 
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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. 

 

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). 
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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. 
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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.     

 



Appendix B 

67 

 

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. 

 

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 
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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. 
  

 

 

 

 

 

 

 

 

 

 

 

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. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

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 
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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. 

 

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. 
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c. Determine the frequency of analysis necessary for long-term monitoring of genetic effects of 

hatchery supplementation fish on non-target natural populations. 

 

 

 

 

 

 

 

 

 

 

 

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 

Origi
n 

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. 

 

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. 
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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. 

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 

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 species
1
 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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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. 

 

 

 

 

 

 

 



 

1 

 

 

 

SECTION 14.  CERTIFICATION  LANGUAGE  AND  SIGNATURE  OF 

RESPONSIBLE  PARTY 

 

“I hereby certify that the information provided is complete, true and correct to the best of my 

knowledge and belief. I understand that the information provided in this HGMP is submitted for 

the purpose of receiving limits from take prohibitions specified under the Endangered Species 

Act of 1973 (16 U.S.C.1531-1543) and regulations promulgated thereafter for the proposed 

hatchery program, and that any false statement may subject me to the criminal penalties of 18 

U.S.C. 1001, or penalties provided under the Endangered Species Act of 1973.” 

 

Name, Title, and Signature of Applicant: 

 
Certified by_____________________________ Date:_____________ 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 1.  Estimated listed salmonid take levels of by hatchery activity.  

Listed species affected: Summer Steelhead   ESU/Population: Upper Columbia River / Methow MPG   Activity:_Broodstock Collection 

Location of hatchery activity:_Wells Dam/Hatchery; WNFH; Various locations in the Methow Basin 

 Dates of activity:_October – May   Hatchery program operator: USFWS and WDFW (Wells only) 

 
 
Type of Take 

Annual Take of Listed Fish By Life Stage (Number of Fish) 

Egg/Fry Juvenile/Smolt Adult Carcass 

Observe or harass    a)     

Collect for transport   b)     

Capture, handle, and release    c)   
Dependent on 
yearly run.‡  

Capture, handle, tag/mark/tissue sample, and release d)     

Removal (e.g. broodstock)     e)   Up to 110†  

Intentional lethal take     f)     

  Unintentional lethal take     g)   
Up to 10 % of 
the adults from e  

Other Take (specify)     h)     

a. Contact with listed fish through stream surveys, carcass and mark recovery projects, or migrational delay at weirs. 

b. Take associated with weir or trapping operations where listed fish are captured and transported for release. 

c. Take associated with weir or trapping operations where listed fish are captured, handled and released upstream or downstream. 

d. Take occurring due to tagging and/or bio-sampling of fish collected through trapping operations prior to upstream or downstream release, or through carcass 

recovery programs. 

e. Listed fish removed from the wild and collected for use as broodstock. 

f.  Intentional mortality of listed fish, usually as a result of spawning as broodstock. 

g. Unintentional mortality of listed fish, including loss of fish during transport or holding prior to spawning or prior to release into the wild, or, for integrated  

programs, mortalities during incubation and rearing. 

h. Other takes not identified above as a category. 

‡Fish captured by trapping or angling but not needed (i.e. HOR when targeting NOR) for brood.   

†This collection level assumes a release goal of 200,000 smolts, projected broodstock collection levels can be found in Table 4 of the HGMP.  Natural origin brood 

collection will not exceed 35% of the NOR run. 



 

 

Attachment 1.  Definition of terms referenced in the HGMP template.  

 

 

 

Augmentation - The use of artificial production to increase harvestable numbers of fish in areas where the natural 

freshwater production capacity is limited, but the capacity of other salmonid habitat areas will support increased 

production. Also referred to as “fishery enhancement”. 

 

Critical population threshold -  An abundance level for an independent Pacific salmonid population below which: 

depensatory processes are likely to reduce it below replacement; short-term effects of inbreeding depression or loss 

of rare alleles cannot be avoided; and productivity variation due to demographic stochasticity becomes a substantial 

source of risk.   

 

Direct take  - The intentional take of a listed species.  Direct takes may be authorized under the ESA for the purpose 

of propagation to enhance the species or research. 

 

Evolutionarily Significant Unit (ESU) - NMFS definition of a distinct population segment (the smallest biological 

unit that will be considered to be a species under the Endangered Species Act).  A population will be/is considered 

to be an ESU if 1) it is substantially reproductively isolated from other conspecific population units, and 2) it 

represents an important component in the evolutionary legacy of the species.   

 

Harvest project -  Projects designed for the production of fish that are primarily intended to be caught in fisheries. 

 

Hatchery fish - A fish that has spent some part of its life-cycle in an artificial environment and whose parents were 

spawned in an artificial environment. 

 

Hatchery population - A population that depends on spawning, incubation, hatching or rearing in a hatchery or other 

artificial propagation facility. 

 

Hazard - Hazards are undesirable events that a hatchery program is attempting to avoid. 

 

Incidental take  - The unintentional take of a listed species as a result of the conduct of an otherwise lawful activity. 

 

Integrated harvest program - Project in which artificially propagated fish produced primarily for harvest are intended 

to spawn in the wild and are fully reproductively integrated with a particular natural population.     

 

Integrated recovery program - An artificial propagation project primarily designed to aid in the recovery, 

conservation or reintroduction of particular natural population(s), and fish produced are intended to spawn in the 

wild or be genetically integrated with the targeted natural population(s).  Sometimes referred to as 

“supplementation”.  

Isolated harvest program - Project in which artificially propagated fish produced primarily for harvest are not 

intended to spawn in the wild or be genetically integrated with any specific natural population. 

 

Isolated recovery program  - An artificial propagation project primarily designed to aid in the recovery, conservation 

or reintroduction of particular natural population(s), but the fish produced are  not intended to spawn in the wild or 

be genetically integrated with any specific natural population. 

 

Mitigation - The use of artificial propagation to produce fish to replace or compensate for loss of fish or fish 

production capacity resulting from the permanent blockage or alteration of habitat by human activities. 

 

Natural fish - A fish that has spent essentially all of its life-cycle in the wild and whose parents spawned in the wild. 

Synonymous with natural origin recruit (NOR). 

 



 

 

Natural origin recruit (NOR) - See natural fish . 

 

Natural population - A population that is sustained by natural spawning and rearing in the natural habitat. 

 

Population -  A group of historically interbreeding salmonids of the same species of hatchery,  

natural, or unknown parentage that have developed a unique gene pool, that breed in approximately the same place 

and time, and whose progeny tend to return and breed in approximately the same place and time. They often, but not 

always, can be separated from another population by genotypic or demographic characteristics. This term is 

synonymous with stock. 

 

Preservation (Conservation) -  The use of artificial propagation to conserve genetic resources of a fish population at 

extremely low population abundance, and potential for extinction, using methods such as captive propagation and 

cryopreservation. 

 

Research - The study of critical uncertainties regarding the application and effectiveness of artificial propagation for 

augmentation, mitigation, conservation, and restoration purposes, and identification of how to effectively use 

artificial propagation to address those purposes. 

 

Restoration - The use of artificial propagation to hasten rebuilding or reintroduction of a fish population to 

harvestable levels in areas where there is low, or no natural production, but potential for increase or reintroduction 

exists because sufficient habitat for sustainable natural production exists or is being restored.  

 

Stock - (see “Population”). 

 

Take - To harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such 

conduct. 

 

Viable population threshold - An abundance level above which an independent Pacific salmonid population has a 

negligible risk of extinction due to threats from demographic variation (random or directional), local environmental 

variation, and genetic diversity changes (random or directional) over a 100-year time frame.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Attachment 2.  Age class designations by fish size and species for salmonids 

released from hatchery facilities. 
(generally from Washington Department of Fish and Wildlife, November, 1999). 
 

 

             SIZE CRITERIA 

 SPECIES/AGE CLASS  Number of fish/pound  Grams/fish 
 

 

 Chinook Yearling   <=20     >=23 

 Chinook (Zero) Fingerling  >20 to 150    3 to <23 

 Chinook Fry    >150 to 900    0.5 to <3 

 Chinook Unfed Fry   >900     <0.5 
 

 Coho Yearling   1/   <20     >=23 

 Coho Fingerling   >20 to 200    2.3 to <23 

 Coho Fry    >200 to 900    0.5 to <2.3 

 Coho Unfed Fry   >900     <0.5 
 

 Chum Fed Fry   <=1000    >=0.45 

 Chum Unfed Fry   >1000     <0.45 
 

 Sockeye Yearling   2/   <=20     >=23 

 Sockeye Fingerling   >20 to 800    0.6 to <23 

 Sockeye Fall Releases  <150     >2.9 

 Sockeye Fry    > 800 to 1500    0.3 to <0.6 

 Sockeye Unfed Fry   >1500     <0.3 
 

 Pink Fed Fry    <=1000    >=0.45 

 Pink Unfed Fry   >1000     <0.45  
 

 Steelhead Smolt   <=10     >=45 

 Steelhead Yearling   <=20     >=23 

 Steelhead Fingerling   >20 to 150    3 to <23 

 Steelhead Fry    >150     <3 
 

 Cutthroat Trout Yearling  <=20     >=23 

 Cutthroat Trout Fingerling  >20 to 150    3 to <23 

 Cutthroat Trout Fry   >150     <3 
 

 Trout Legals    <=10     >=45 

 Trout Fry    >10     <45 
 

 



 

 

1/ Coho yearlings defined as meeting size criteria and 1 year old at release, and released prior to June 1st. 

2/ Sockeye yearlings defined as meeting size criteria and 1 year old. 

 

 

 


