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Why bother? 

 
1) Effect of human development on wildlife 
2) Endangered species: How should we manage the habitat? 
3) Movement corridors  

 
Other two talks will show you why knowing resource selection by animals is 
important for ecologists. I will concentrate on the statistical aspects.   
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Basic logic:  
The basic thinking is that species use certain habitats more often than other 
habitats. If certain habitats are used more often, they probably are, for some reason, 
important for the survival of the species. (Not always true, but likely). Hence 
maintaining those habitats will be ‘good’.  
 
Statisticians model processes, not data. Data are used to discriminate between 
different mechanisms and helping us choose the between the competing 
mechanisms. 
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Presumed mechanism behind resource selection studies is similar to the mechanism 
behind probability sampling. 
 
Probability sampling: The population consists of N units. Each unit has certain 
characteristics associated with it. A unit is included in the sample with 

probability . This is called the ‘selection probability’ in sampling theory.  

 
We can think of an individual animal as a sampler, walking through the habitat and 
selecting the units with probability depending on their characteristics.  



  5 

 
In sampling theory, we know the selection probabilities and the sample. The goal is 
to find the characteristics of the population.  
 
In resource selection studies selection probabilities are unknown but we know the 
sample (the units that were selected by the individual) and the population of units 
from which the sample comes from.  
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Resource unit: Discrete units at which the resources are observed to be selected (An 
egg, a pixel, a point in space etc.) 
 
Resource type: Habitat characteristics associated with a unit. Animal, the sampler, 
does not differentiate between two units with the same characteristics. They will 
have the same selection probability.  
 
Selection is a binary decision process. When a unit is encountered, either it is 
selected (for consumption) or it is not selected.  
 
Note that a unit has to be encountered before it can be selected or not selected.  
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What do we observe? 

 
Telemetry studies: Animals are adorned with GPS collars that inform the researcher 
the locations that an individual visited over the study period. In the resource 
selection studies, these locations are called ‘used locations’.  
 
Each used location has associated habitat characteristics. 
 
These used locations correspond to the ‘observed sample’ in the probability 
sampling parlor.  
 
Given this information, our goal is to infer about the selection probabilities.  
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Weighted distribution formulation 

 

Let  if a location is a used location. Let the used location (resource unit) have 
habitat characteristics (resource type). Then, using the definition of conditional 
probability, it follows that probability that a used unit is of type  is given by 
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Notational tradition 
 

• Used distribution :  

 
Suppose there are two types of habitats: Forest and Meadow. Then this distribution 
corresponds to proportion of used points that fall in the ‘Forest’ and proportion that 
fall in ‘Meadow’. For continuous covariates, such as elevation or for multiple 
covariates, this corresponds to the probability density function.  
 

• Available distribution:   

 
Suppose there are two types of habitats: Forest and Meadow. Then, this distribution 
corresponds to the proportion of encountered units are of type ‘Forest’ and 
proportion of encountered units that are of type ‘Meadow’. For continuous 
covariates, this is a probability density function.  
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We will use the following notation: 
 

 

 
Clearly, if , the selection probability is independent of resource type. 

We call such constant probability of selection, ‘no selection’.  



  11 

 

What we observe is a random sample from . Let us denote this sample by 

 

We can write the likelihood function as: 
 

. 

 

Now if only we knew , the problem will be solved. But we do not know at what 

rate different resource types are encountered by the animal.  



  12 

 
As all self respecting statisticians do: 

 
When we do not have real information, we assume! 
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Assumption: All available resource units are encountered with equal probability.  
 

The available distribution  can be empirically estimated by using a random 

sample from the study area provided this assumption is valid.  
 

Let us denote a random sample from the available resource units by . 

We can approximate the likelihood up to a constant, using such a sample of points 

from , by: 

 

 

 
Does it work? 
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Number of 
sites 

N=500 N=1000 N=2000 

Statistical 
summary 

Mean Standard 
Deviation 

Mean Standard 
deviation 

Mean Standard 
deviation 

Logistic 
Regression 
(Used-
Unused) 

2.474 
2.264 
1.423 

0.234 
0.248 
0.194 

2.451 
2.249 
1.418 

0.163 
0.168 
0.138 

2.439 
2.234 
1.409 

0.113 
0.119 
0.094 

Simulated 
Maximum 
Likelihood 
(Used only) 

2.716 
2.450 
1.539 

1.292 
0.909 
0.582 

2.551 
2.326 
1.464 

0.6378 
0.445 
0.323 

2.484 
2.266 
1.433 

0.451 
0.312 
0.218 
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Issue of contamination 
 
Why can’t we simply consider the samples from available resource units 
‘unselected’ and do the usual Logistic distribution? Is this not similar to the ‘case-
control’ study design? 
 
A resource unit can be characterized as ‘unselected’ only if it has been encountered 
and rejected. In epidemiology, when one selects a control, not only that we know the 
disease status of the individual classified as control but we also know that the 
individual was exposed to the contaminant and does not have a disease. 
 
In the selection studies, a random unit from the available resource units may have 
been selected by some other individual (not collared and hence the true status is 
unknown to the researcher) or it may have remained unselected simply because it 
was not encountered. The true status is unknown and it could have been either 0 or 
1. The correct analogy for this study design is the ‘Case-Population study design’. 
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Exponential model and its limitations 

 
The current literature on resource selection commonly uses the selection probability 

model . This model has two major limitations. One limitation 

is obvious: Because the probability has to be between 0 and 1, the range for the 
parameters is constrained unreasonably. The second limitation is that the parameter 

 is non-identifiable given the data. The used distribution does not depend on . 
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The parameter  corresponds to relative risk (under the exponential model); change 

in the probability as we change  by one unit.  
 
The exponential model is particularly easy to fit. It can be shown that the likelihood 
function can be algebraically rearranged to resemble the likelihood function 
corresponding to the Logistic regression likelihood function. Hence the standard 

packages can be used to estimate the  parameters. This is simply a computational 

trick. The interpretation of the parameter  is still ‘relative risk’.  

 
This simplicity of fitting the exponential model has led to wide spread use of the 
model without understanding the consequences and also with incorrect 

interpretation of the  parameters as ‘odds ratio’ rather than ‘relative risk’.  
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This has also led to the common misunderstanding that probability of selection is 
not estimable using telemetry studies. It is universally presumed that only relative 
probability of selection is estimable. Hence the commonly used terminology is 
‘Resource selection function (RSF)’ instead of ‘Resource selection probability 
function (RSPF)’.  
 
As we have seen above, the claim that probability of selection is not estimable is 
false. It is a consequence of using the exponential function to model probability of 
selection and not an inherent limitation of the data. If one uses Logistic or Probit or 
Log-log function, the RSPF is estimable.  
 
Furthermore, even if we assume the exponential model (assuming it is appropriate) 
is the knowledge of relative probability of selection (RSF) sufficient for making 
management decisions? The answer is NO. Change from 0.9 to 0.18 does not have 
the same consequences as change from 0.05 to 0.01. 



  19 

 
How many available points? 

 
How large should B be? It has to be large enough to approximate the integral in the 
denominator of the weighted distribution, namely that  

. 

 
Stratified Logistic model method of estimation (MacDonald et al. 2006 and many 
other papers) fit exponential model and use 1 to 5 points from the available 
distribution! This cannot possibly provide a good approximation to the integral.  
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What is the available distribution? 
 
This is the proverbial elephant in the room. As we have seen, this distribution should 
tell us the rate at which different resources are encountered by the animals. We do 
not need to have the whole ‘encountered set’ but only the proportions in which 
different resources occur in this set.  
 

a) Home range dependent availability: Some species have a home range 
corresponding to each individual. One should then consider a different available 
distribution for each individual.  

b) Distance weighting: Resource units that are close by are more ‘encounterable’. 
One may want to weigh those points according to the distance from the den. 
This also affects the available distribution.   
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Individual variation and likelihood:  
 
Ecologists are well aware that individual animals behave somewhat differently. 
Because only a few individuals can be collared, the inferences based on the 
assumption that all individuals are ‘i.i.d.’ (the standard wiggle used by the 
statisticians) may be biased. One can take into account individual variation by 

considering the  parameters in the RSPF to vary from individual to individual. Of 

course, we want to make inferences at the species level and not at the individual 
level (the particular Elk or Moose might have turned into a nice steak or burger by 

the time data are analyzed), we may consider that  or some such 

distribution. In this case, the species level inferences are based on the  estimate 

and not the  estimates. 
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The weighted distribution formulation and the Monte-Carlo estimate of the likelihood 
function can be generalized to these situations fairly easily (although maximization 
of the likelihood is difficult because of the non-convexity of the original likelihood 
and non-smoothness due to its Monte-Carlo approximation. The use of data cloning 
optimization method helps in dealing with these computational problems to some 
extent.  
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Impossibility of estimating selection probabilities under the Used-Unused study 
design:  
 
Telemetry studies are ideal for conducting the RSPF analysis. However, many times 
ecologists only have information whether there are any signs of use on a given plot 
of landscape. Thus, if one divides the landscape in plots, each plot has a response 0 
(If there are no signs of use) or 1 (if there are signs of use). This is commonly called 
the ‘Used-Unused design’.  
 
In the probability sampling analogy described earlier, the probability that a specific 
unit is ‘used’ corresponds to the probability that a specific unit is included in the 
sample (inclusion probability).  
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It is well known that this probability depends not simply on the selection probability 
but also the number of encounters (n) and the number of units in the population (N).  
 
If we divide the area at a different scale (1 hectare instead of 1 acre), we obtain very 
different ‘used’ and ‘unused’ observations.  
 
Also, if the species are abundant in the study area, many of the plots will be ‘used’. 
On the other hand, if the species is rare, many of the plots will be ‘unused’. One 
cannot find the probability of selection by knowing the probability of inclusion 
unless the number of encounters is known. This is impossible to know in ecological 
situations.    
 
Hence it is impossible to get information about the probability of selection using this 
kind of data. 
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Summary 

 
• Resource selection by animals can be modeled using the mechanism of 

‘animals as samplers’ who are using unequal probability sampling design. 
 
• It is possible to estimate probability of selection except when using exponential 

model or if only categorical variables are available. 
 
• Management decisions are better made with probability of selection. Relative 

probability is very limited in its usefulness for management; we need change in 
the absolute probability.  

 
• Current literature is limited in its usefulness. It reports ‘relative probability of 

selection’ and not the probability of selection. It also lacks multi-model 
inference. Models other than exponential seem to fit the observed data 
substantially better.  

 
• Software developed in collaboration with Yellowstone Ecological Research 

Center in Bozeman, Montana allows multi-model inference, use of graphical 
procedures for covariate selection, goodness of fit and residuals. It also has GIS 
interface that allows the researcher to ‘play with the data’ easily.   

 


