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Critical Size, Critical Time

Larger and faster growing fish have higher survival

Fish grow faster when they enter the early marine 

environment during peak food availability

Could timing matter? 
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Is the probability of survival 
higher for wild steelhead 
smolts that match with prey* 
availability?

Tavish Campbell
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Zooplankton peak timing varies annually
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Larger fish and years with earlier 
prey timing have higher survival

Earlier



Earlier

Changes in rearing habitat can effect 
size, which in turn effects survival 

Larger fish and years with earlier 
prey timing have higher survival







Hypotheses
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Hypotheses

Match/

mismatch

Is higher when 

zooplankton 

availability occurs 

earlier

Individual survival …

Migration

timing

Optimal outmigration 

date varies by year



However, other processes at 
work… 



However, other processes at 
work… 

- Sea surface temperature

- Spring upwelling transition date

- Upwelling strength

- ENSO

- ALPI

- PDO

- Columbia River discharge



Conclusions

• Larger fish have higher survival, independent 
of ocean conditions

• Optimal outmigration date varied annually, with 
marine and freshwater conditions

• Earlier coldwater zooplankton peak correlates 
with higher marine survival (annual mismatch)

• Conditions faced in freshwater impact size and 
condition of fish upon ocean entrance and can 
impact marine survival (a.k.a. Carryover 
effects)
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Is the probability of survival higher for 
steelhead smolts that enter the estuary during 
peak food availability?
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Is the probability of survival higher 
for wild steelhead smolts that 
match with zooplankton 
availability?

Phenological matches 
increases probability of 
survival in steelhead trout

Tavish Campbell



J. Armstrong

PreyPredators

Early Marine Survival
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