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Developmental Timing  
 

Important to salmon fitness 
because each life stage must 
occur when environmental 
conditions are optimal for 
growth and survival.  

Conservation Implications: Straying and Wild-Hatchery Interactions 
 
• Can the introduction of non-native genes disrupt locally adapted genes and 
gene complexes affect development time and reduce fitness?  
 

Outbreeding Depression . . . 

Developmental timing  (fitness –related traits) 
can become locally adapted because  salmon: 
 

1) occupy a diverse range of habitats  
 

2) life history promotes reproductive isolation 
 



Predict Poor 
Performance 

Predict Poor 
Performance 

Locally adapted Locally adapted 
For traits affected by many independent 
genes – mating genetically dissimilar 
parents can disrupt the additive affect.  

F1 Hybrid offspring with phenotypes 
midway between parental values 

Predict Best 
Performance 



Non-Additive Model of Outbreeding Depression 

Evidence for OBD in first two hybrid 
generations. How long  do the effects last?  

For traits influenced by a 
network of interacting 
genes, outbreeding can alter 
phenotypes and reduce 
fitness by breaking up 
coadapted gene complexes. 

Change may not appear in F1 hybrids since 
each offspring receives a complete copy of 
the coadapted genome from each parent. 
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Phenotypic changes in F2 or later when 
parental genomes undergo independent 
assortment and recombination. 
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Fin-Clipped F2 Hybrid Pinks caught 
spawning in Auke Creek during ’00 & ‘01 

 

{Hybrid = Auke Dams X Pillar Sires} 

 Native Auke Creek Pink Salmon 
Spawners caught during ’00 & ‘01 

• Ecologically Similar 
• Genetically Distinct  

Pillar Creek,  
Kodiak Is. 

1,000 km 

• Local Adaptation 
Auke Creek,  
Juneau 

Experimental Crosses – Auke Creek Hatchery 

A) Native Parents (Controls) B) Hybrid Parents  

OUTBREEDING 

Objectives 
 

1) Determine if development time in odd- and even-year broodlines of Auke Creek pink 
       salmon has a genetic basis. 
2) Determine if development time could be locally adapted.  
3) Determine if outbreeding influenced development time after 3 generations.  



2 X 2 Factorial Mating Design 

2 X 2 2 X 1 Male 2 

1 X 2 1 X 1 Male 1 

Female 2 Female 1 F2 Hybrid 

2 X 2 2 X 1 Male 2 

1 X 2 Male 1 

Female 2 Female 1 Control 

1 X 1 

Even & Odd year runs genetically distinct – Crossed within years to 
Produce F3 Offspring . . .  

BY 2000 
● 20 Native Pairs (10 blocks, 40 families) 
● 16 Hybrid Pairs  (8 blocks, 32 families) 

BY 2001 
● 32 Native Pairs (16 blocks, 64 families) 
● 20 Hybrid Pairs  (10 blocks, 40 families) 

1 Family → 4 Compartments  
2 Compartments per Environment  

100% Auke Creek alleles 50%  Auke Creek alleles (females) 



Genotype-by-Environment (GxE) Effects 
 

• Families (genotypes) respond to temperature change differently = Locally Adapted 

Incubation Environments 
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Date

BY 2000 Ambient

BY 2000 Cold

BY 2001 Ambient

BY2001 Warm

BY 2000 
 

• Controls: Ambient 
• Controls: Cold 
• Hybrids: Ambient 

BY 2001 
 

• Controls: Ambient 
• Controls: Warm 
• Hybrids: Ambient 

• Families respond to temp change similarly = Phenotypic plasticity  



 Mid-hatch: number of Days and ATUs at which 50% of fry within an 
incubation compartment has emerged from the egg.  

 
● Daily observations of each compartment began before hatching (early November) 
and continued until hatching was complete (mid-December)  

So how do we determine if any observed  
phenotypic variation is inherited? 



● Because the genetic relationships within and among each family were known, it was 
also possible to express the observed variability in terms of its underlying causal 
genetic and environmental factors.  
 
● In testing for significant effects, it also assessed the significance of each effect’s 
underlying causal factors. In this way, all implied genetic and non-genetic sources of 
variation were tested for significance.  

REML to partition the phenotypic variance associated with larval 
development into its observable components.  



Mixed-Model REML  

Yijklmno = µ + Ci + Tj + Bik + {Ci*Tj} + {Tj*Bik} + Dikl + Sikm + {Dikl*Sikm} 
+ {Tj*Dikl} + {Tj*Sikm} + {Tj*Dikl*Sikm} + Rijklmn + εijklmno 

 

R = Replication Effects (Location/ Microhabitat effects) 
ε = Residual Random Error 

Y = Midhatch (Days) 
C = Cross 
T = Temperature Effect (Fixed) 
B = Block Effect (Independence and randomness of design) 
C*T = Cross / Temp Interaction (Temp effect on cross) 
T*B = Temp/Block Interaction (Temperature effects on design) 

D = Dam Effect: Additive Genetic Variation (VA) + Maternal Variation (VM) 
S = Sire Effect:  Additive Genetic Variation (VA) 
D*S = Parental Interaction (VN: Non-Additive Variation = Dominance &/or Epistasis) 

T*D = Temp/Dam Interaction (Genotype By Environment Effects) 
T*S = Temp /Sire Interaction (Genotype By Environment Effects) 
T*D*S = Temp Effect on Parental Interaction (Genotype By Environment Effects) 

P < 0.1 considered significant 
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Brood Year 2000

Ambient Controls (AC)

Cold Controls (CC)

Ambient Hybrids (AH)

REML
ATU Days

Sire 0.672 0.655
Dam 0.825 0.808
Dam*Sire 0.212 0.219

BY 2000 Cross <0.001 <0.001 Temp <0.001 <0.001

AC AH 
+ 7  

CC 
+ 29 

Sire 0.052 0.052
Dam 0.073 0.073
Dam * Sire 0.209 0.209

REML
ATU Days

Temp*Sire 0.153 0.480
Temp*Dam 0.264 0.624
Temp*Dam*Sire 0.215 0.432

BY 2000
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Brood Year 2001

Ambient Controls (AC)
Warm Controls (WC)
Ambient Hybrids (AH)

REML
ATU Days

Sire 0.026 0.027
Dam 0.022 0.022
Dam*Sire 0.798 0.782

BY 2001 Cross <0.001 <0.001 Temp <0.001 <0.001

AC AH 
+ 2  

WC 
- 12 

Sire 0.115 0.116
Dam 0.085 0.086
Dam * Sire 0.208 0.208

REML
ATU Days

Temp*Sire 0.179 0.113
Temp*Dam 0.022 0.098
Temp*Dam*Sire 0.787 0.789

BY 2001



Summary & Conclusions 

Outbreeding demonstrated that introgression of nonnative fish may erode 
fitness by altering fitness-related traits; and that these effects can last  

at least three generations. 

Odd Brood Year 
 

• Additive genetic factors played a role in 
   development time of embryos. 
 

• GxE Effects (Dams) = inconclusive evidence 
   for local adaptation (common environment).  

Outbreeding  
 

• Prolonged development time in both brood years after 3 generations 
 

• Altered the proportions of additive and environmental variation possibly by influencing 
   the canalization process.  

Even Brood Year 
 

• No Additive Effects – Development time 
   canalized. 
 

• No GxE Effects - Variation in development 
   time caused by phenotypic plasticity.  
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