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• Hatchery reform in the 
Columbia Basin

• Driven by the 
hatchery/natural fish 
debate

• Current gene flow-
theory and adopted 
practices (HSRG)

Presentation Outline



Fitness or relative 
fitness means the 
survival of hatchery 
fish (either lifetime 
or some component) 
relative to that of 
wild fish spawning in 
the same habitat

Relative Fitness
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Summary of Risks
1. Genetic – loss of genetic variation within populations, increase 

inbreeding risk, inbreeding depression, domestication selection, loss 
of adaptive potential.

2. Ecological – Competition, predation, disease.

3. Demographic – reduction in productivity, SARs and relative 
reproductive success.

4. Facility effects – hatchery system fail, collection weirs negatively 
impacting migration of wild fish.

4. Management masking effects – if fish not adequately marked, 
accounting for the composition of fish on spawning grounds cannot 
be accurately estimated.
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Harvest Augmentation: The use of hatcheries to produce fish to increase fishing 
and harvest opportunities where there is no mitigation program in place.

Mitigation: The use of hatcheries pursuant to an agreement to provide fishing and 
harvest opportunities lost as a result of habitat deterioration, destruction or 
migration blockage.

Supplementation: The use of hatcheries to maintain or increase natural 
production, while maintaining the long-term fitness of the target population and 
keeping the ecological and genetic impacts on non-target populations within 
specified biological limits (RASP 1992).

Conservation: The use of hatcheries to maintain genetic resources, using the 
amplification potential of the hatchery, and restoring natural populations that face 
demographic, genetic, or ecological risks.  The expectation is to maintain 
equivalent genetic resources of the native stock, and to return fish to the habitat 
to reproduce naturally.   Captive broodstocking and captive rearing are examples.  
Time in culture should be minimized.

Hatcheries Modernize
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Hatchery reform is the scientific and systematic redesign of hatchery programs to 
help recover wild salmon and steelhead and support sustainable fisheries. The 
intent of hatchery reform is to improve hatchery effectiveness, ensure 
compatibility between hatchery production and salmon recovery plans and 
rebuilding programs, and support sustainable fisheries.
https://wdfw.wa.gov/about/commission/policies/hatchery-and-fishery-reform

We define hatchery reform as widespread, institutionalized changes to hatchery
Programs intended to reduce risk to natural populations.
A review of hatchery reform science in Washington State, WDFW 2020

Hatchery reform is applying the same scientific principles to managing hatchery 
fish that we use for managing wild fish.
Don Campton, USFWS personal communication

********************

********************

Hatchery Reform

8

https://wdfw.wa.gov/about/commission/policies/hatchery-and-fishery-reform


Hatchery Reform
1. Best management practices and protocols:

A. Improving hatchery biosecurity
B. Improving diets
C. Adjusting rearing and transportation densities
D. Adjusting release strategies

I. Acclimated or not
II. Volitional or forced
III. Timing of release

E. Managing broodstock composition
I. Local better than out-of-basin
II. Spawning designs

F. Improving weir management (tight better than leaky)
G. Managing escapement management (upstream of weir)
H. Managing size of program
I. Marking all hatchery fish
J. Implementing a strong monitoring and evaluation program
K. And applying adaptive management
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Hatchery Reform
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Hatchery Reform
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Hatchery Reform
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Hatchery Reform
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Hatchery Reform
1. Managers should use supplementation sparingly, 

2. Only implementing supplementation in a subset of the locations where 

unharvested natural populations were not replacing themselves,

3. Using supplementation only where habitat capacity is believed to be able 

to accommodate additional production,

4. Using natural-origin adults from the target population as parents in 

hatchery spawning,

5. Establishing and monitoring performance standards for each project for 

natural-origin and hatchery-origin adult abundance and per capita 

production rates,

6. Requiring explicit experimental designs for all supplementation projects, 

and 

7. Stressing the importance that managers ensure that individual projects 

were collecting the data necessary to test their effectiveness and ensure 

regional coordination of the multiple experiments.
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Hatchery Reform
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Hatchery Reform - HSRG



Hatchery Reform - HSRG

1. Scientific framework for artificial propagation of
Salmon and steelhead

2. Emerging issues in hatchery reform

3. M&E criteria

4. Operational guidelines

5. Program-specific recommendations
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Fisheries – vol 30 no 6 – June 2005 - www.fisheries.org

Hatchery Reform - HSRG
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Hatchery Reform



AHA Model
Example: Eagle Creek NFH coho salmon (Clackamas River, OR)
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Ford, M.  2002. Cons. Biol. 16:815-825.
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PNI  =       pNOB
pNOB  + pHOS

• pHOS = proportion of hatchery fish spawning

• pNOB = proportion of natural fish in broodstock

• PNI values > 0.5 indicates dominant selection

pressure from the natural environment

Proportionate Natural Influence –
an estimator of the selection pressure equilibrium point

Hatchery Reform - HSRG



Hatchery
optimum

Natural
optimum

Hatchery
environment

Wild
environment

Fitness

PNI

Hatchery Reform:  Controlling two-way gene flow 

0 1

pHOSpNOB

pNOB
PNI


 PNI concept developed by Craig Busack, Wash. 

Dept. Fish & Wildlife 
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AHA Model

Example: Eagle Creek NFH coho salmon
Clackamas River, Oregon
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Controlling gene flow to achieve goals 

PNI  =  pNOB / (pNOB + pHOS)

=  proportional natural influence = mean fitness of  

integrated population relative to natural population.

=  % time genes spend in natural environment. 28



Historical Hatchery Problem: 
Unknown gene flow between two environments

Hatchery spawn Wild spawn

?

?

Unknown gene flow 29



Integrated Goal: 
1  population,

2  environments

Solution:
Genetically Integrated or Segregated broodstocks

Hatchery Wild Hatchery Wild

Segregated Goal:
2  populations,

2  environments

Integrated Segregated
30



Hatchery Reform:  Controlling two-way gene flow -
Integrated Programs 

Hatchery Wild

pNOB

pHOS

(1.0 – pNOB)

(1.0 – pHOS)

pNOB > pHOS:  wild environment dominates
pNOB < pHOS:  hatchery environment dominates
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HSRG guidelines for hatchery programs

Integrated broodstocks (pNOB > 0):

• pNOB > 0.1  (at a minimum)

• pNOB >  pHOS   (PNI > 0.5)

• For biologically significant populations: 

pNOB >  2 • pHOS (PNI > 0.67)

Segregated broodstocks (pNOB = 0):

• pHOS < 0.05 
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Hatchery Reform - HSRG

1. Develop clear, specific, quantifiable harvest
and conservation goals for natural and hatchery
populations within an “all H” context.

2. Design and operate hatchery programs in a 
scientifically defensible manner.

3. Monitor, evaluate and adaptively manage hatchery
programs.

4. Program-specific recommendations for each hatchery
program (> 350 programs).
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Fisheries – vol 36 no 11 – November, 2011 - www.fisheries.org

Hatchery Reform - HSRG
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Hatchery Reform
US Fish and Wildlife Service

Columbia River Basin Hatchery Review 

• U.S. Fish and Wildlife Service (Service) proactively initiated a series of hatchery 

reviews in May 2005 to assure that its 21 hatchery programs are part of a holistic 

and integrated strategy—consistent with State, Tribal, and Federal strategies—

for conserving wild stocks and managing fisheries in watersheds within the 

Columbia River Basin. 

• These reviews were tailored after a successful process recently implemented by 

the HSRG
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Conclusions

1. A substantial investment of resources and effort has gone
into hatchery reform over the last 35 years,

2. Modern hatcheries play an important role,

3. The gene-flow theory described by Ford and incorporated
in modeling by the HSRG is still guiding program
implementation today (HGMPs, Recovery Plans),

4. Supplementation is still experimental – but valuable to 
continue.
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