
How are likelihoods calculated when individual covariates are considered? 
 
Consider a data set for 6 animals: 
 
LD Y mass 
11 0 45 
10 1 75 
10 1 80 
11 0 32 
10 1 42 
11 0 50 
 
A model containing an intercept and mass had the following estimated beta 
values: b0 = -5.935, b1 = .1146. To calculate the lnL for these parameter 
estimates, you’d use the following equation: 
 

 
Remember: if b0 = -5.935, b1 = .1146 are the maximum likelihood estimates, 
then no other combination of values can be found for b0 and b1 that will have a 
higher Likelihood value for this dataset and this model.
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The calculation on the previous page is simply taking advantage of the following 
equations, right? 

 
For this example, L(b0 = -5.935, b1 = .1146|X) = 0.076 
The lnL = -2.582, and –2lnL = 5.165 
Given the preceding equations, do you see why having missing data for only 
some of the covariates of interest can complicate model comparisons? 
 
Analysis of Mule Deer Fawn Data 
 
Here, you’ve incorporated information about individual body characteristics. Use 
of individual covariates greatly expands your ability to model and should be 
considered for many problems. 
 
Analyses indicated that the best model contains Sex and Length (deltaAIC=0.00) 
 
Ln(S/(1-S) = B0 + B1*Sex + B2*Length + B3*Sex*Length 
 
                LOGIT Link Function Parameters of {11. S(Sex + Length + Length*Sex)} 
                                                              95% Confidence Interval 
 Parameter                    Beta         Standard Error      Lower           Upper 
 -------------------------  --------------  --------------  --------------  ----------- 
    1: B0 (Intercept)     -22.724138        8.4190916      -39.225558       -6.2227183     
    2: B1 (sex, Male=1)    16.755701       10.833715        -4.4783812      37.989783      
    3: B3 (length)          0.1858881       0.0686643        0.0513060       0.3204701      
    4: B4 (sex x length)   -0.1443023       0.0877866       -0.3163641       0.0277595      
 
From looking at the coefficients, we can see that males have a higher intercept (-
-22.72 + 16.76 = -5.97) and flatter slope (0.186 – 0.144 = 0.04) than do females 
(intercept = -22.72 and slope = 0.186).  So, short females ought to have lower 
survival than do short males.  And, females benefit more than males do from 
being longer, but … without calculating actual values for survival and examining 
them in a table or a figure, it’s hard to know much more than that without some 
pretty hard thinking.  
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This is where MARK’s “Plot Individual Covariates” tool can be very helpful.  
Choose the model of interest, choose the tool, work with length, and set the sex 
covariate to either 0 (female) or 1 (male) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
So, the point estimates are lower for females at the shorter lengths (but very 
imprecisely estimated), and, at longer lengths, females appear to be surviving 
better.  A table of values could easily be presented that would show this more 
concretely. 
 

Females 

Males 



When we look at such a table, which I created quickly using MARK output, we 
find that the point estimates are lower for females up to a length of ~116 cm.  
Beyond that point the females are expected to survive at a higher rate. 
We could put confidence intervals on the differences using one of several 
methods designed for such a task. One of these is the delta method, and we’ll 
learn how to use it later in the semester. 
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