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 Hjort's (1914) critical period  hypothesis  

•  ‘the numerical value of a year class is apparently 
stated at a very early age, and continues in 
approximately the same relation to that of other 
year classes throughout the life of the individuals” 

• This is the fundamental issue in population 
regulation and ecology of fish. 
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Approach 

• Develop Mathematical Models 
• Develop Statistical Methods 
• Collect all the data in the world 
• Solve Problem 



Testing for general patterns 

http://www.fish.dal.ca/welcome.html 
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Critical period hypothesis: strong version  

• Var(mortalityage<critical) >>Var(mortalityage>critical) 
• Density dependent mortality ≈ 0 for age > critical 

age 
• We know of no cases where this is even 

approximately true. 



Variability in recruitment increase with age for cod and decreases 
for trout. 





Critical period hypothesis: weak version  

• Var(mortalityage<critical) >>Var(mortalityage>critical) 
Density-dependent mortality after the critical 
period does not alter ordering of year-class size. 







To test Hjort’s hypothesis we need a 
model which: 

• Use research surveys which estimate abundance at 
different ages of the same cohort. 

• Estimate the variance in mortality. 
• Estimate density-dependent mortality.  

 
• Treat cohorts as random effects.  
• Include measurement error. 
• Obtain estimates that can be combined across populations. 

 



The state of the art until now: 

• Myers and Cadigan (1993a and b) developed method to 
estimate density-dependent mortality and the variance in 
mortality in the presence of measurement error. 

• Results could be combined across populations using meta-
analysis. 

• Can. J. Fish Aquat. Sci. 50: 1576—1590. 
• Can. J. Fish Aquat. Sci. 50: 1591 – 1598. 



Variance in mortality after critical period low for gadoids and flatfish. 















Nonlinear key factor analysis with 
measurement error. 

• Myers and Cadigan analysis limited to one form of 
density-dependent mortality – mortality proportional to log 
abundance, other cases VERY hard. 

• We have recently developed solutions for nonlinear 
random effects models with measurement error for the 
general problem that can estimate ANY nonlinear function 
and ANY distribution for mortality and estimation errors. 

• These methods use simulated maximum likelihood 
methods to in a random effects nonlinear state space 
model using auto-differential software. 





Predictions and Preliminary Results: 

• Hjort’s strong hypothesis: never true. 
• Hjort’s  weak hypothesis: approximately true for 

gadoids, flatfish, and freshwater percids. 
• Hjort is wrong for salmonids 
• Small pelagics – At low abundance Hjort’s weak 

hypothesis true, but not true for high abundance. 
• Species interactions more important.  



Conclusion 

• We can test Hjort’s hypothesis, we now have the 
methods and data.  
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