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Species Distribution 
Models
LECTURE 12 SPECIES DISTRIBUTION MODELS
UNIT 3: STUFF

Objectives

 At the end of this series of lectures, you should be able to: 
 Define terms

 Explain the concept of niche.

 Distinguish between mechanistic and correlative models. 

 Describe the basics flow of information in the development of a SDM. 

 Explain the relationship between geographical space and 
environmental space. 
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Objectives

 Describe how equilibrium and sampling adequacy influence the 
development of SDM. 

 Explain cross validation. 

 Explain the errors that a SDM can generate. 

 Describe how SDM can be used in ecology and management. 

Model Approaches

 Mechanistic Approach
 Do not rely on observed occurrence records

 Require detailed physiological data

 Correlative Approach
 Assume current distribution gives a good indicator of ecological 

requirements
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Flow diagram of the main steps of  
species distribution model

Processing to 
generate 

variables of 
importance in 

defining species’ 
distributions

(e.g. maximum 
daily

temperature, 
frost days, soil 
water balance)

Observed species’ distribution
(a list of localities where the species 
has been observed, and sometimes 
also localities where the species is 

known to be absent)

Database of ‘raw’ 
environmental variables 

(e.g. temperature, 
precipitation, soil type).

Data usually stored in a 
GIS

Modeling algorithm
(e.g. Maxent, artificial 

neural network, 
generalized linear 

model, regression tree)

Model testing
(statistical assessment 

of predictive ability, 
using test such as 

AUC or Kappa)

Predicted species’ 
distribution.

Prediction may be for a 
different region (e.g. for 
an invasive species) or 

for a different time period 
(e.g. under future climate 

change)

Factors that Influence the Limits of 
the Geographic Range

 Abiotic environment 
 Temperature

 Precipitation

 Soil type

 Biotic interactions
 Predation

 Pathogens

 Mutualisms

 History and geography
 Dispersal
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Relationship between 
geographical space and 
environmental space
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Equilibrium and Sampling 
Adequacy

 Equilibrium: A species is in 
equilibrium with current 
environmental conditions if it occurs 
in all suitable areas and is absent 
from all unsuitable areas. 
 Depends both on biotic interactions 

(e.g. competitive exclusion from an 
area) and dispersal ability.

 Sampling adequacy: The extent to 
which the observed occurrence 
records provide a sample of the 
environmental space

High equilibrium and excellent sampling
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High equilibrium but poor sampling

High equilibrium and poor sampling in geographical space,
but good sampling in environmental space
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Low equilibrium but good sampling

Cross Validation

 The species occurrence data is divided randomly into two parts: 
 Training data 

 Test data

 The training data is used to construct the model. 
 Typically a model fits training data fairly well, but that is to be expected 

and does not tell us how the model will do overall. 

 The model is then applied to the test data. 
 If the model does an effective job of predicting the test data, the 

model is probably fairly effective. 
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Errors

 SDM models can generate two types of errors.
 Error of omission

 Says the species does not occur somewhere it actually does. 

 Error of commission  
 Says the species occurs somewhere it actually does not. 

Type of use Example reference(s)

Guiding field surveys to accelerate   
detection of unknown distributional areas 
and undiscovered species

Raxworthy et al. 2003, Bourg et al. 2005, 
Guisan et al. 2006

Projecting potential impacts of climate 
change

Iverson and Prasad 1998, Berry et al. 2002, 
Hannah et al. 2005; for review see Pearson 
and Dawson 2003

Predicting species’ invasion Higgins et al. 1999, Thuiller et al. 2005; for 
review see Peterson 2003

Supporting conservation prioritization and 
reserve selection

Araujo and Williams 2000, Ferrier et al. 
2002

Assessing the impacts of land cover change 
on species’ distributions

Pearson et al. 2004

Guiding reintroduction of endangered 
species

Pearce and Lindenmayer 1998

Uses of species distribution models 
in conservation biology


