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Population Growth Models: Covariates and Viability Analyses 

Managers/Researchers often find that 

population trend data from time series don’t 

perfectly fit the growth models that we’ve 

studied so far.  

Or are interested in how additional 

environmental factors influence 

population trends. 

ln(n t+1) = ln (nt) + rmax + b(nt) + F + ϵ 

Recall the formula for stochastic logistic population growth: 

These other factors, or sources of 

additional variation, can be accounted 

for by adding them to the model as 

covariates 

Case study:  San Joaquin 

Kit Foxes in California 
Dennis & Otten (2000) 

Endangered population 

 

Highly variable, fluctuating population 

 

Highly variable environmental conditions, 

with potential time lag in response to 

rainfall 

 

Coyote predation could be a concern 

Goals:  

 Find the best model explaining SJ Kit Fox numbers over time, 

 including several covariates 

  

 Use that model to predict future numbers and conduct a population 

 viability analysis 
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General model of population 

growth: 

Where: 
a = rmax  

 

b = strength of density dependent relationship 

 

c = coefficient for rainfall covariate 

 

Wt-2 = growing season rainfall 2 yrs previous (time lag) 

 

σ = coefficient for Process Noise (F) 

ln(n t+1) = ln (nt) + rmax + b(nt) + c Wt-2  + F  

ln(n t+1) = ln (nt) + rmax + b(nt) + c Wt-2  + F  

If this is the general model, what  models are tested in table below? 

a, b, c-hats are parameter estimates from data.   
 
a blank is equivalent to making that parameter value = 0…..what does this do? 
 
can you explain/describe the models above (variations on growth models we’ve seen) 
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 H0:  ln(n t+1) = ln (nt) + rmax + b(nt) + c Wt-2  + F  

 H0:  ln(n t+1) = ln (nt) + rmax + 0(nt) + 0 Wt-2  + F  

 H0:  ln(n t+1) = ln (nt) + rmax + F  What pop. growth model is this? 
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Deterministic 
Exponential 
Growth 

Stochastic Growth 
1 

Stochastic Growth 
2 

Stochastic 
Exponential 
Growth with 
Process Noise 

What about the others? 

H0  : Stochastic Exponential Growth w/ Process Noise (F) 

H1  : Stochastic Density Dependent Growth w/ Process Noise (F) 

H2  : Stochastic Exponential Growth w/ Rain Covariate and Process Noise (F) 

H3  : Stochastic Density Dependent Growth w/ Rain Covariate and Process Noise (F) 

Which hypothesis/model is supported? 
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Used this  model (H3) to 

predict population size at 

next time step. 

 

Did a pretty good job 

R2 = 0.82  

Do coyotes matter to SJ Kit Fox numbers? 


