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Occupancy 
Models
MODULE 13: OCCUPANCY
UNIT 3: STUFF

Objectives

 Define terms.
 Distinguish between occupancy and detectability. 
 Explain why occupancy modeling is necessary. 
 Describe the design requirements for single season occupancy 

models. 
 Discuss how the multiple season approach differs from the single 

season model and what it provides that the single season cannot. 
 Describe the use of occupancy estimation and modeling in ecology 

and conservation. 

Field Research

 Census
 How many of a particular species occur at a specific site. 

 How many of each sex? 

 How many of each age group?

 Inventory
 Which species occur at a specific site? 

 Survey 
 Varied usage.
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Overview

 Occupancy is the probability that a randomly selected site will 
contain the species of interest.
 Ψ

 x is the number of sites where the species occurs

 s is the number of sites surveyed 

Overview

 x is not typically known.
 For most species, you can never be sure that the species is not at the 

site. 
 Failure to detect is not evidence that the species is not there. 

 The observed x is biased. 
It will always be low

Overview

 Detection probability (p) is the probability that you will detect a 
species in places that it actually occurs. 
 Your ability to detect a species is rarely perfect.
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Occupancy Estimation

 A technique for estimating occupancy and probability of detection. 
 Both are estimated at the same time. 

 Relies on multiple surveys at the same study sites. 

 Presence

 Assumptions: 
 Occupancy does not change over the study season.

 Detection probability can vary over the study season.

Occupancy Modeling

 Covariates can be included in the estimation of occupancy and 
detection probability. 
 Covariates are variables that influence the occupancy or detectability 

(independent variables). 

 Converts the process from estimation to modeling 
 You include variables that cause occupancy or detection to vary. 

 Examples?

 What could you do with such information?  

 Allows you to predict sites a species occurs at even though you did not 
detect it there. 

Single Season Model

 Select sites that might contain the species of interest. 
 Criteria to be included or excluded? 

 Randomly select from those sites the sites that will be sampled.
 Survey the randomly selected sites multiple times during the season.

 What is a season? 

 Why?

 Use same techniques and effort at all sites.   
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Single Season Model

 Survey the randomly selected sites multiple times during the season.
 What is a season? 

 Why?

 Use same techniques and effort at all sites.  

 Sample covariates while you survey the sites
 Develop a detection history for the species at all sites. 

Single Season Model

Site Period
1

Period 
2

Period 
3

Period4

A 1 1 0 1
B 0 0 0 1
C 0 0 0 0
D 1 0 0 1
E 1 1 0 1
F 0 0 1 0
G 0 1 1 0

Multiple Season Model

 A single season model is repeated in different seasons. 
 What is a season now?

 Ideally, the same sites should be sampled each season (not 
required) and the same sampling effort should be used at all sites 
and seasons (not required if it can be quantified). 
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Multiple Season Model

 The assumption that occupancy does not change in a season still 
holds, but
 Occupancy is allowed to vary between seasons. 

 Colonization (γ) can be estimated 

 Extinction (ε) can be estimated

 Can model covariates influence on ψ, p, γ, and ε. 

 What could a conservation biologist do with these values? 

Use of Occupancy Models

?


