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Adding stochasticity to population 
projection models 

How would you add density dependence to population projection models? 

**Remember that for dd models, growth rate decreases with increasing density 
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How would you add density dependence to population projection 

models? 

Where would we incorporate 

this idea into the projection 

matrix? 

Pre-juvenile Juvenile Adult 

Pre-juv m1 * p0 m2 * p0 m3 *p0 

Juvenile p1 0 0 

Adult 0 p2 p3 

Adjust fecundity: 

 m0 = a + b(nt) + E  

Adjust survival: 

 p0 = a + b(nt) + E  

Stable stage distribution 

(SSD) 

After enough time, if 

matrix is stable, the 

population will reach a 

stable state were the 

distribution among age 

classes is stable and so 

is the growth rate. 



10/31/2011 

4 

Sensitivity Analysis 

As with stage classes, sometimes different vital rates 

influence population growth and structure more than 

others. Sensitivity analyses help identify such cases and 

can help inform management decisions. 

 

Types: 

• Manual perturbations 

• Analytical Sensitivity and Elasticity Analyses 

• Life Stage Simulation Analysis (LSA) 

Manual Perturbation 

Manually change matrix element(s) of interest and 

observe how changes influence growth rate (λ) 

Changing and developed 
landscapes are sinks for 
Swainson’s Thrushes. 

Swainson's Thrush

Reserve Changing Developed

L
a

m
b

d
a

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

SWTH

Reserve Changing Developed

A
p
p
a
re

n
t 
S

u
rv

iv
a
l 
±
 S

E

0.0

0.2

0.4

0.6

0.8

1.0

Adult

Juvenile 
Juv Surv needed for lambda =1

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adult 
Juvenile 
Juv Surv needed for 
lambda = 1.0 

(Oleyar & Marzluff, in prep) 
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Life Stage Simulation Analysis 

 (LSA) 

A computer simulation approach 

to sensitivity analysis that 

evaluates how changes and 

stochasticity around vital rates 

influences growth rates and 

elasticities  of matrix elements. 

 

Many ways to interpret results, 

one of which is the proportion of 

replicates that have positive 

population growth (λ > 1) 

Wisdom et al (2000) 

Metapopulation Models 

Each population has a 

projection matrix 

 

Individuals move between 

populations (dispersal – 

researcher sets rate based on 

literature or other knowledge) 

 

Matrices can be correlated, 

degree of correlation related to 

what metapopulation structure 

is being considered 


