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1: Early-generation hatchery fish have 

lower fitness than wild fish 

 

51 point estimates 

 

Weighted geometric 

mean RRS = 0.534 

 

Christie et al. 2014 VTFW 



2. Genetic effects – adaptation to captivity in mykiss   

 broodstock performance in the hatchery 
 

Christie et al. 2012 PNAS   

steelhead, Hood River 
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2. Genetic effects - adaptation to captivity in mykiss  

 Fitness tradeoff across environments 
 

  

Christie et al. 2012 PNAS   

Hood River steelhead  
 

  # returning offspring per brood 



3. Drivers of domestication in captivity 

Christie et al. 2012 PNAS 

# fish reared 

5,000 

26,000 

48,000 

57,000 



Rearing density hypotheses 

1. Increased rearing density causes 

performance tradeoffs  

 

 

1

1

2

2

3

3

F
it

n
e

s
s

 t
ra

it

High Low
Density



Rearing density hypotheses 

1. Increased rearing density causes 

performance tradeoffs  

2. High rearing density increases opportunity 

for selection 
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Rearing density hypotheses 

1. Increased rearing density causes 

performance tradeoffs  

2. High rearing density increases opportunity 
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Not comparing H vs W 
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Experimental methods 

1 family 



 

 

Two treatments 

 high/low density 

 

X   

Experimental methods 

1 family 



Experimental methods 

Replicated twice 

 2012: 6 months 

   6 families, n = 4 tanks 

  2013: 12 months 

   10 families, n = 6 tanks 

 

 

 

 

 

 



Response = fork length 

  

 

 

 

 

 

 

 

 

Large size = higher survival in hatchery mykiss 
  (Tipping 1997; Reisenbichler et al. 2004; Bond et al. 2008;   

   Clarke et al. 2014; Osterback et al. 2014) 

 



Sampling 

Measure FL 

Fin tissue 

Genetic parentage analysis - SOLOMON 

  

 

 

 

 

 



Statistical analysis 

Family-by-density interaction 

 

Average family fork length = density + family  

 + density*family + tank (random) 

 

 

 

 

 

 

 



Statistical analysis 

Family-by-density interaction 

 

Average family fork length = density + family  

 + density*family + tank (random) 

 

Opportunity for selection –  

 Welch’s t-test on ICC values 

 

 

 

 

 

 



Results – Performance tradeoff 

 



Results – Opportunity for selection higher 

in high density? 



4. Novel hypothesis: 

 How might density influence domestication? 
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How might density influence selection? 
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How might density influence selection? 

 
 

 
 



Unpublished Hood River data 
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3. Drivers of domestication in captivity 

Christie et al. 2012 PNAS 



1: Early-generation hatchery fish have 

lower fitness than wild fish 

 

Christie et al. 2014 

51 point estimates 

 

Weighted geometric 

mean RRS = 0.534 

 

Without mykiss 

RRS = 0.538 

VTFW 
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51 point estimates 

 

Weighted geometric 

mean RRS= 0.534 
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1: Do early-generation hatchery fish 

have lower fitness than wild fish? 
 

• local origin broodstock – integrated program 

• offspring evaluated in river of origin 

• relatively “wild” population 

Christie et al. 2014 



 Hood River production data 



2. Causes of fitness loss in mykiss – genetic effects 
 

 multi-generation effect? 

Hatchery 
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2. Causes of fitness loss in mykiss – genetic effects 
 

 multi-generation effect? 

WHxH RRS = 0.3 - 0.4 compared to WWxW 
 

Hood River steelhead: Araki et al., 2009 Biology Letters 
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1: Do early-generation hatchery fish 

have lower fitness than wild fish? 
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