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Objective and Methods 

Objective   
Explore effects of pHOS, pNOB, and wild broodstock 
take (“mining”) on population persistence. 

 
Methods 

I. Analytical model (genetic) 
• Relative fitness is response 
• Explore sensitivity to selection parameters 

 
II. Individual-based model (genetic & demographic) 

• Population viability is response 
• Environmental change 
• Explore effect of “mining” wild fish 



I. Analytical Model-  Quantitative Genetics 
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Selection on a Quantitative Character 

𝜇𝑍 = 𝜇𝑍 + 𝜇𝑍𝜔2+𝜃𝜎𝑍
𝜔2+𝜎𝑍

− 𝜇𝑍  ℎ2 = 1.2  𝜇𝑍 = 𝜇𝑍 + 𝜇𝑍𝜔2+𝜃𝜎𝑍
𝜔2+𝜎𝑍

− 𝜇𝑍  ℎ2 = 1.5  
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Selection on a Quantitative Character 

Hatchery Wild 
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𝑧̂𝑊 =  
𝜎2 1 + 𝑝𝐻 ℎ2 − 1 𝜃𝑊 + ℎ2 − 1 𝑝𝑊 − 1 𝜃𝐻 + 𝜃𝐻 𝜔2 − 𝜔2𝑝𝑊 − 𝜃𝑊𝜔2(𝑝𝐻 − 1)

𝜎2(2 − 𝑝𝑊 − 𝑝𝐻 + ℎ2 𝑝𝑊 + 𝑝𝐻 − 1 ) + 𝜔2(1 − 𝑝𝑊) + 𝜔2(1 − 𝑝𝐻)
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Selection on a Quantitative Character 
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Selection on a Quantitative Character 
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Selection on a Quantitative Character 
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II. Individual-based Model of Niche Evolution 



Offspring 
Locus1 0.272 -0.338 
Locus2 0.136 0.082 

. . . 

. . . 

. . . 
Locus10 -0.271 -0.271 

Parent 
Locus1 0.066 0.272 
Locus2 0.136 -0.001 

. . . 

. . . 

. . . 
Locus10 0.024 -0.271 

Parent 
Locus1 0.159 -0.338 
Locus2 0.082 0.082 

. . . 

. . . 

. . . 
Locus10 -0.271 -0.125 

Individual’s phenotype is sum of allelic values + Normal(0,1) 

II. Individual-based Model of Niche Evolution 



• Allows selection-mutation-drift balance 
• Relaxes assumption of constant heritability (ℎ2 = 𝑉𝐴

𝑉𝐴+𝑉𝐸
)  

• Relaxes assumption of constant phenotypic variance 
• Demographic stochasticity 

Model attributes 

II. Individual-based Model of Niche Evolution 
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Simulation Results 

Approximate pNOB 

Do not take broodstock if Nwild < 20  



Concluding Remarks 

• pHOS and pNOB are measurable and partially controllable 
 
• Analytical and individual-based models can paint different pictures 
 
• Some optimal combination of pHOS, pNOB and “mining rule” must 

exist in theory 
 
• Individual-based model offers useful realism, but parameterization 

still problematic 
 
• Value of empirical research on model assumptions? 

i) How different are fitness functions in hatchery and wild? 
ii) Recent finding of rapid adaptation 
iii) Basket and Waples (2012):  timing of selection vs. density dependence 
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