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For purposes of basic knowledge and conservation planning, ecologists seek to characterize the 
climatic conditions that limit where species live on Earth. To do this, they build statistical models 
that describe the climatic niche of individual species based on its geographic occupancy. These 
models, e.g., MaxEnt, are classification algorithms that aim to distinguish occupied from non-
occupied points from a set of climatic descriptors. With a description of a species' ecological 
niche, it is possible to project these conditions forward in time according to global circulation 
model output and identify locations that might be suitable for the focal species in the future. We 
will discuss some examples of how these models are used, criticisms that ecologists have leveled 
at these models, and one particular dilemma having to do with local adaptation of populations 
within a species' range. 
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Preserving biodiversity  
under climate change
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Questions
What factors most limit the distribution of a species?

Where might a species live under future climate?

1

2

3 How far might an invasive species spread?

Management implications



Ecological Niche Modeling
• Also called 
species 
distribution 
modeling, 
environmental 
niche modeling, 
and bioclimatic 
envelope 
modeling 
• Predict the 
distribution of 
species  
• Can use to make 
future projections

http://openmodeller.sourceforge.net/img/enm_diagram_small.png
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They all have in common a dependent variable to be predicted that comes from 
one of a limited set of items which cannot be meaningfully ordered, as well as a set 
of independent variables (also known as features, explanators, etc.), which are used 
to predict the dependent variable. Multinomial logit regression is a particular 
solution to the classification problem that assumes that a linear combination of 
the observed features and some problem-specific parameters can be used to 
determine the probability of each particular outcome of the dependent variable.

finds a model that can best differentiate presences from 
background locations 

Multinomial logistic regression

https://en.wikipedia.org/wiki/Independent_variable
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Red shiner

Poulos et al. 2012 Aquatic Invasions

Maxent modeling
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Lawler et al. 2009 Ecology

Random forest modeling



assumes climate limits geographic distribution

does not include ecology, eg, species interactions

junk in, junk out & rigorous assumptions about sampling

1

2

3

Critiques

does not account for local adaptation4



Western Eastern

Hällfors et al. In press. Ecological Applications. Photo Flickr Justin Meissen

Karner Blue Butterfly  
(Lycaeides melissa san)
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Whole species Western pops Eastern pops
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Intervention technique aimed at reducing negative effects of climate change on biological units, 
involving the intentional movement of these units from areas of current occupancy to locations 

where the probability of future persistence if predicted to be higher.

Managed relocation

Richardson et al. 2009. PNAS 106: 9721. Cartoon by Boston Globe 2008.
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Pros Cons
Prevent extinction 
Enhance ecosystem goods  
Enhance ecosystem functions

Create pests 
Endanger source populations 
Incur opportunity costs



process-based models

algorithm improvements

better sampling
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Future research

experimental transplants4
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