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Winter as a critical period for salmon 

• Lower temperature 
• Shorter days 
• Reduced food availability 
• Food deprivation 
• Reduced growth 
• Reduction of lipid reserves 



Winter as a critical period for salmon 

• Winter survival can be low (often below 
30%) 

• Size-selective mortality frequently occurs 
during winter 

• Smolt survival correlated to pre- or post-
winter conditions 



Revisiting the Critical Period Hypothesis 

Definition 
 
Critical Period: Stage in the life of the fish the 
numerical value of a year class is determined 
(Hjort 1914)  



VIEWER DISCRETION IS ADVISED 
MATH AHEAD 



Revisiting the Critical Period Hypothesis 

Operational Definition (for salmon in the ocean) 
 

𝑁𝑎𝑑𝑢𝑙𝑡𝑠 = 𝑁𝑠𝑚𝑜𝑙𝑡𝑠*𝑆𝑒𝑎𝑟𝑙𝑦*𝑆𝑤𝑖𝑛𝑡𝑒𝑟*𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 
 
𝑁𝑎𝑑𝑢𝑙𝑡𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑑𝑢𝑙𝑡 (i.e brood year strength) 
𝑁𝑠𝑚𝑜𝑙𝑡𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑙𝑡𝑠 
𝑆𝑒𝑎𝑟𝑙𝑦 = 𝐹𝑖𝑟𝑠𝑡 𝑚𝑎𝑟𝑖𝑛𝑒 𝑠𝑢𝑚𝑚𝑒𝑟 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 

𝑆𝑤𝑖𝑛𝑡𝑒𝑟 = 𝐹𝑖𝑟𝑠𝑡 𝑚𝑎𝑟𝑖𝑛𝑒 𝑤𝑖𝑛𝑡𝑒𝑟 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 
𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 = 𝑀𝑎𝑟𝑖𝑛𝑒 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑏𝑒𝑦𝑜𝑛𝑑 𝑓𝑖𝑟𝑠𝑡 𝑤𝑖𝑛𝑡𝑒𝑟 

 



Revisiting the Critical Period Hypothesis 

Operational Definition (for salmon in the ocean) 
 
𝑁𝑎𝑑𝑢𝑙𝑡𝑠

𝑁𝑠𝑚𝑜𝑙𝑡𝑠
= 𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦*𝑆𝑤𝑖𝑛𝑡𝑒𝑟*𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 

 
𝑁𝑎𝑑𝑢𝑙𝑡𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑑𝑢𝑙𝑡𝑠 (i.e brood year strength) 
𝑁𝑠𝑚𝑜𝑙𝑡𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑙𝑡𝑠 
𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑟𝑖𝑛𝑒 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 
𝑆𝑒𝑎𝑟𝑙𝑦 = 𝐹𝑖𝑟𝑠𝑡 𝑚𝑎𝑟𝑖𝑛𝑒 𝑠𝑢𝑚𝑚𝑒𝑟 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 

𝑆𝑤𝑖𝑛𝑡𝑒𝑟 = 𝐹𝑖𝑟𝑠𝑡 𝑚𝑎𝑟𝑖𝑛𝑒 𝑤𝑖𝑛𝑡𝑒𝑟 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 
𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 = 𝑀𝑎𝑟𝑖𝑛𝑒 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑏𝑒𝑦𝑜𝑛𝑑 𝑓𝑖𝑟𝑠𝑡 𝑤𝑖𝑛𝑡𝑒𝑟 

 



What does this mean? 

𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦*𝑆𝑤𝑖𝑛𝑡𝑒𝑟*𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 

A period will be critical when total marine survival 
is strongly and positively correlated to the 
survival during the “critical” period. 



Which marine period is critical for salmon? 
𝑺
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First Summer, First Winter, Or Both? 



Data Source For Testing The Critical Period 
 - Beamish et al 2010 estimates of first summer survival 
 - DFO estimates of total marine survival 

10 



Is the first summer critical for coho salmon? 

Data from DFO (S. Baillie) and Beamish et al. 2010. Mar. Coast. Fish. 2: 424-439 
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Yes, there is evidence to support that the early 
(summer) period is critical, at least for coho 
salmon in the Strait of Georgia in recent years. 

Is the first summer critical for coho salmon? 



Unfortunately we do not have time series of winter 
survival and therefore cannot test this hypothesis 
directly. 

What about winter? 



Surrogate for winter survival 

Survival beyond first summer 
 

𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦∗𝑆𝑤𝑖𝑛𝑡𝑒𝑟∗𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 



Surrogate for winter survival 

Survival beyond first summer 
 

𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦∗𝑆𝑤𝑖𝑛𝑡𝑒𝑟∗𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 

Unknown DFO  Beamish et al. (2010) 



Surrogate for winter survival 

Survival beyond first summer 
 

𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦∗𝑆𝑤𝑖𝑛𝑡𝑒𝑟∗𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 

Unknown DFO  Beamish et al. (2010) 

𝑆𝑤𝑖𝑛𝑡𝑒𝑟∗𝑆𝑖𝑚𝑚𝑎𝑡𝑢𝑟𝑒 =  𝑆𝑝𝑜𝑠𝑡 

Combine survival post first summer 



Surrogate for winter survival 

Post early marine survival 
 

𝑆𝑇𝑜𝑡𝑎𝑙 = 𝑆𝑒𝑎𝑟𝑙𝑦∗𝑆𝑝𝑜𝑠𝑡 

Rearranging 
 

𝑆𝑝𝑜𝑠𝑡 = 
𝑆𝑇𝑜𝑡𝑎𝑙

𝑆𝑒𝑎𝑟𝑙𝑦
 



Is the mortality after the first summer critical? 

No evidence with these data 
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Conclusions 

1. The first summer at sea may be critical for 
juvenile salmon 
 
Total survival was positively correlated with early 
marine survival in Coho Salmon in the Strait of 
Georgia. 



Conclusions 

2. The hypothesis that the first winter at sea is a 
critical period for salmon remains untested 
 
Total survival was not correlated with post early 
survival for Coho Salmon in the Strait of Georgia.  



Conclusions 

3. The mechanism that contributes to the 
variability in survival or mortality during that 
period is interesting, but irrelevant to 
demonstrating that this period is critical 
 
The presence of size-selective mortality does not 
constitute any evidence that a period is critical. It 
merely shows that a segment of the population 
has a higher or lower survival.  



Challenges for the Future 

Testing the critical period hypothesis requires time 
series of total survival and survival at different 
potentially critical stages in the marine life of 
salmon 
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