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1) Breeding Interactions & 
relative ecotype production:

# Resident

Potential
crosses

Af x Am
Af x Rm
Rf x Am
Rf x Rm

Total
eggs

2) Freshwater growth & recruitment

1 yr recruits 2 yr recruits 3 yr recruits 4 yr recruits

2a) Resident age classes & proportions maturing

2b) Anadromous recruitment & smolt age

3) Migration survival & adult returns

# Anadromous

Total outmigrating smolts
Freshwater 
migration 
survival

Ocean migration 
survival

Adults

O. mykiss life-cycle model synopsis 

Return migration



 Breeding Interactions & relative life history production:
 Degree of sympatry

 Sex ratios

 Population viability effects?

O.mykiss Breeding Interactions

AF x AM AF x RM RF x AM RF x RM



O.Mykiss Breeding Interactions: Evidence 
for Relative Differences in Anadromous 

Production    
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O.Mykiss Breeding Interactions

 Courter et al 2013
 Yakima River (Basin-wide) Resident Maternal Origin

 2010- 20% sampled kelts

 2011- 7%  sampled kelts



O.Mykiss Breeding Interactions
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 8 Redds created by minimum 21 parents
 5 females

 16 males



Upper Yakima River Parent Progeny 
Analysis (2010-2015)

Roza Dam

80%-90% Adult Steelhead
sampling efficiency

Tributary and Mainstem Juvenile Sampling:
-Electroshocking
- Biodata collected, fish PIT-tagged
- Both life histories sampled and tagged

Known Anadromous Expression:
-Migrants detected at downstream Dams
-Parent analysis run with genetic sample
- Presence/absence of maternal/paternal 

origin determined
*Breeding Cross Inferred



Roza Adult Steelhead Parentage/Progeny 
Analysis: 2010-2015

64.0%

16.0%

1.7%

15.6%

2.7%

Female Steelhead: 

64% of Female steelhead spawned
with unknown male steelhead or
resident male

16% of Female steelhead spawned
with 1 male steelhead only

1.7% of Female steelhead spawned
with 2 male steelhead only

15.6% of Female steelhead
spawned with 1 male steelhead and
resident/unknown male

2.7% % of Female steelhead
spawned with 2 male steelhead and
resident/unknown male

 36% of Female steelhead spawned with 
Male steelhead

- Could be as high as 50%



15.0%

49.7%

14.4%

5.9%

0.7%

0.7%

6.5%
3.9%

1.3%
2.0%

Male Steelhead: 

15% M steelhead spawned with unknown
female or resident female

49.7% M steelhead spawned with 1
female steelhead

14.4% M steelhead spawned with 2
female steelhead

5.9% M steelhead spawned with 3 female
steelhead

0.7% M steelhead spawned with 4 female
steelhead

0.7% M steelhead spawned with 5 female
steelhead

6.5% M steelhead spawned with 1 female
steelhead and another unknown

3.9% M steelhead spawned with 2 female
steelhead and another unknown

1.3% M steelhead spawned with 3 female
steelhead and another unknown

2.0% M steelhead spawned with 4 female
steelhead and another unknown

Roza Adult Steelhead Parentage/Progeny 
Analysis: 2010-2015



Roza Adult Steelhead Parentage/Progeny 
Analysis: 2010-2015

Males Females
sex ratios 25.4% 74.6%

1000 254 746

Male 
allocation Female allocation

15% M steelhead spawned with unknown female or resident female 38 0
49.7% M steelhead spawned with 1 female steelhead 126 126
14.4% M steelhead spawned with 2 female steelhead 37 74
5.9% M steelhead spawned with 3 female steelhead 15 45
0.7% M steelhead spawned with 4 female steelhead 2 8
0.7% M steelhead spawned with 5 female steelhead 2 10
6.5% M steelhead spawned with 1 female steelhead and another 
unknown 17 17
3.9% M steelhead spawned with 2 female steelhead and another 
unknown 10 20
1.3% M steelhead spawned with 3 female steelhead and another 
unknown 3 9
2.0% M steelhead spawned with 4 female steelhead and another 
unknown 5 20

Total 254 329

Minimum % females that spawned with male steelhead 44.1%
* Possible or more likely estimate 49.2%



O.Mykiss Breeding Interactions     
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 But does it really matter??

 Total net smolt production

 AFxAM + AFxRM



O.Mykiss Breeding Interactions     

 Model Simulation

 Breeding interaction scenarios 

 % AF x AM crosses  (10% increments)

 Average of 50 simulations (100 generations)
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O.Mykiss Breeding Interactions     

 Model Simulation

 Breeding interaction scenarios 

 % AF x AM crosses  (10% increments)

 Average of 50 simulations (100 generations

 Initial Conclusions:
 Breeding interactions are complex and highly variable

 Degree of fidelity or hybrid breeding crosses have potential to:
• Influence smolt production
• Influence mature sex ratios between anadromous and resident life 

histories

 Degree of anadromous fidelity breeding crosses may be a function of 
male abundance (Anadromous males)
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Questions?
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