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From Hatchery Reform in WA State, 
Fisheries 2005 

2) Scientific Defensibility: 
• Operate hatchery programs within the context of their ecosystems 
• Operate hatchery programs as either genetically integrated or segregated 
relative to naturally-spawning populations 
• Size hatchery programs consistent with stock goals 
• Consider both freshwater and marine carrying capacity in sizing hatchery 
programs 
• Ensure productive habitat for hatchery programs 
• Emphasize quality, not quantity, in fish releases 
• Use in-basin rearing and locally-adapted broodstocks 
• Select adults randomly throughout the natural period of adult return 
• Use genetically-benign spawning protocols that maximize effective population 
size and minimize potential artificial or domestication selection under hatchery 
conditions. 
• Reduce risks associated with outplanting and net pen releases 
• Develop a system of wild steelhead management zones (a special case) 
• Use hatchery salmon carcasses for nutrification of freshwater ecosystems, while 
reducing associated fish health risks 
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We will look at how YN is addressing these  
HSRG principles in the following programs: 

• Cle Elum Supplementation and Research Facility (CESRF) 
o Spring Chinook  
 

• Klickitat Hatchery 
o Spring Chinook 
o Fall Chinook 
o Coho 
 

• Yakima Basin (Holmes/Melvin R Sampson facility)  
o Coho 
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Note that these practices have been advocated by the Tribes for years (e.g., Cuenco et al. 1993) and were in fact built in to the Cle Elum program design from its inception, well before hatchery reform was even a popular regional concept.
Cuenco, M. L., T. W. H. Backman, and P. R. Mundy. 1993. The use of supplementation to aid in natural stock restoration. Pages 269-293 in J. G. Cloud and G. H. Thorgaard, editors. Genetic conservation of salmonid fishes. Plenum Press, New York.
Mobrand, L., J. Barr, H. L. Blankenship, D. E. Campton, T. T. P. Evelyn, T. Flagg, C. Mahnken, L. W. Seeb, P. R. Seidel, and W. W. Smoker. 2005. Hatchery reform in Washington State: principles and emerging issues. Fisheries 30(6):11–23.



Cle Elum Spring Chinook 
Supplementation and Research Facility 

• Increase: 
•Harvest opportunity 
•natural production 

• Maintain : 
•ecosystem function 

•   use research to: 
•improve hatchery practices 
•address critical uncertainties 

Goals  
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Summary of CESRF Integrated Program 
Findings (Fast et al. 2015) 

 Spawner Abundance, Spatial Distribution, and Harvest 
increased 

 Natural-origin returns were maintained 

Managed gene flow reduced genetic divergence 

 Ecological Interactions parameters were maintained within 
established guidelines 

 Habitat and water management factors continue to limit 
natural productivity; supplementation likely necessary until 
these factors are fully addressed 

 Results very consistent with Venditti et al. (2015, 2017) Idaho 
Supplementation Studies final report & publication 

Presenter
Presentation Notes
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1997 2001 2005 2009 2013 

1st Brood 

Integrated HxW 
spawning in the 
wild 

Integrated F1 
progeny 
return 

Integrated F2 
progeny 
return 

Integrated F3 
progeny 
return 
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Some more background on the Cle Elum spring chinook program in the upper Yakima.  Note gravel-to-gravel concept where central facility used to rear fish, but fish released from 3 acclimation sites.  1st brood collected in 1997.  1st age-4 returns spawning in wild returned in 2001.  1st generation returns from integrated (HoR and NoR) spawners in 2005, 2nd generation returns began in 2009.  Only NoR fish used for brood.  

The Naches River is being used as a control stream.  Both the upper Yakima and Naches systems experience very similar environmental conditions, e.g., droughts and floods rarely if ever occur in one stream without impacting the other as well.  Also, historical data suggest there are virtually no upper Yakima fish which stray into the Naches system.  Thus, differences in these two populations over time can be attributed to supplementation.
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Means: PNI = 66%, pHOS = 54% 
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pNOB: proportion natural-origin broodstock 
pHOS: proportion hatchery-origin spawners 
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We are not managing pHOS because of use of 100% NOR brood stock and a major objective is to evaluate performance of such an integrated program.  Even still we are achieving levels of PNI recommended in the literature (HSRG) for maintaining “genetic goodness”.



DOMESTICATION – 
HYPOTHETICAL OUTCOMES 
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Figure 4 from paper updated to include fourth generation (BY2014) fish.  Density plot of individuals from the wild founders (P1 Founders, black) and three generations of the integrated (INT, blue colors) and segregated (SEG, red colors) hatchery lines along the first discriminant function from the discriminant analysis of principal components (DAPC). Population genetic differentiation, FST, for each of the generations compared to the P1 founders was low in all pairwise comparisons, ranging from 0 to 0.0108 (Table S3). The F1 hatchery fish and segregated line steadily diverged from the P1 founders over time; the F2 and F3 SEG populations were significantly differentiated from the founders (FST = 0.0049 and 0.0108 respectively, P < 0.001). In contrast, the integrated line did not exhibit the same temporal trend of increasing genetic divergence. However, FST compared to the P1 founders was significant for the F2 and F3 INT populations (FST = 0.0026 and 0.0022, respectively, P < 0.001). FST between the F3 SEG and F3 INT populations was also significant (FST = 0.0093, P < 0.001), indicating divergence in the two hatchery lines.  [But note that segregated line had small effective brood size which contributed to the difference].

Waters, C.D., J.J. Hard, M.S.O. Brieuc, D.E. Fast, K.I. Warheit, R. Waples, C.M. Knudsen, W.J. Bosch, and K.A. Naish. 2015. Effectiveness of managed gene flow in reducing genetic divergence associated with captive breeding. Evolutionary Applications xx:xxx-xxx. DOI: 10.1111/eva.12331.





• Upgrade Klickitat Hatchery 
•Additional spring water 
•Upgrade rearing & adult holding 

• Build Acclimation Site in Lower Klickitat 
•Move FaCh/Coho releases downstream 
•Reduce interactions with native stocks 

•  Develop Steelhead Facility (if needed) 
•  Protect and enhance habitat 
•  Monitor, evaluate, and adaptively manage 

Original Goals  

Klickitat Hatchery Reform 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Klickitat Hatchery Reform 







Fall Chinook and Coho 
Current Programs 
 
• Harvest 

Augmentation 
 

• FaCh: 4+ million 
fish released from 
KH  
 

• Coho: 1+ m from 
KH, 2+m direct 
release in lower 
river 
 

• Out-of-basin 
stocks 
 

• Support 
substantial 
fisheries 
 

Future Programs 
 
• Maintain 

Fisheries 
contributions 
 

• Develop local 
brood stocks from 
collections at Lyle 
Falls 
 

• Develop lower 
river acclimation 
sites (below Rm 
17) 
 

• Move releases 
downriver 



Yakima Basin Coho - History 

• Extirpated by early 1980s 
• Reintroduction started in mid-1980s 

•Derived from lower Col. R. populations 
•In culture from 30 to >100 years 

•  Harvest Augmentation (1985-1995) 
• Average annual release ~545,000 
• Fish released in lower Yakima R. 

•  1996 to Present 
• Move to local broodstock 
• Release fish in natural coho habitats 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Yakima Basin Coho - Geography 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Yakima Basin Coho - Progress 
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The blue bars are in-basin brood source.  Red bars are out-of-basin.



Yakima Basin Coho - Progress 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Yakima Basin Coho - Future 

Melvin R. Sampson Coho Hatchery 

Capable of producing 700,000 coho smolts 

 80% Recirculation – Retrofit to 100% if needed 

 10…25X6ft circular tanks 

 Photovoltaic Cells 100Kw help power facility 

 Brood collection at Roza Dam 

 Proposed Construction Spring 2018 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Yakima Basin Coho - Future 
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Conceived in 1980s as mitigation (harvest) program.  In 1990s, goal was changed to supplementation to increase harvest and natural production and research to address critical hatchery uncertainties.  To secure funding and implementation YN agreed.



Summary 

Hatchery reform takes a lot of time 

Hatchery reform costs a lot of money 

Hatchery reform requires long-term 
investment 

Hatchery reform can work 

 

More info: Bill_Bosch@yakama.com 



Fish Quality vs Number Released 

R² = 0.2049 
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Cutoff N<= Mean<= N> Mean> P-value BrdYr<= 
40,000 47 0.0119 219 0.0048 1.32E-25 62.5% 
42,000 68 0.0097 198 0.0048 3.87E-15 75.0% 
43,000 97 0.0085 169 0.0047 1.94E-11 81.3% 
44,000 116 0.0077 150 0.0048 1.87E-07 87.5% 
44,500 133 0.0075 133 0.0047 3.4E-07 100.0% 

ANOVA Summary 
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