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Learn how to interpret species distribution 

models build using Maxent, and how to perform 

ancestral niche reconstruction
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Biological Objectives:

Assess species distribution models

Interpret species distribution models 

Learn a method of ancestral niche reconstruction

Technical Objectives :

Go over Maxent HTML outputs

Format and requirements for ancestral niche reconstruction
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1. SDM interpretation

2. Exploring Concepts: Ancestral niche

3. Practical
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Assessment metrics

• How do you know the SDM (species distribution model) is telling you 

something meaningful?

• How do you know which environmental variables drive the model?



9

Standard assessment metrics

• AUC – Area Under the Curve

• Plot sensitivity (true positive rate) vs. 1 –

specificity (false positive rate)

• Given a false positive classification 

threshold (x axis), predicted true positive 

rate

• 1:1 line is random performance
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Standard assessment metrics

• Omission plot

• Less commonly used

• Omission means a sample is present but 

was not predicted by the model

• 1:1 line is an ideal model – higher 

threshold, more omission
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Standard assessment metrics

• Variable importance

• Many ways to measure, but all are 

vulnerable to collinearity 

• Temperature and precipitation variables 

are highly correlated, so importance is not 

independent
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Standard assessment metrics

• Response curves

• Shows what the model is actually doing –

probability of presence expressed in terms 

of one variable

• Often un-biological shapes – due to 

model’s response to collinearity
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Standard assessment metrics

• Response curves

• Maxent also reports response curves for a 

model with only one variable

• Doesn’t use full information in model
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Standard assessment metrics

• Jackknife

• Standard stats meaning – leave-one-out 

analysis

• Most straightforward interpretation

• Especially without variable (teal) – notice 

leaving variables out sometimes results in a 

lot of lost information, other times not
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Standard assessment metrics

• Replication

• Randomly divide test and training data 

multiple times

• Maxent allows multiple strategies

• Allows for uncertainty estimation
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Summary

• Be careful interpreting in terms of physiology

• Use multiple means of assessment

• Use replication

• Focus on the question — extrapolation and niche limits are harder to 

estimate, centroid is easy
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Going back in time

• Hindcasting: Project model 

predictions onto past climate

• Our predictions could be very wrong 

if niche has evolved through time

• Our predictions are irrelevant if 

modern species did not exist back 

then
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Ancestral niche

• Reconstruction of the niche of a 

hypothetical ancestor

Scenario

• Question about the past, too far in 

the past to hindcast a current 

species’ distribution
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Ancestral niche

• Uses SDM outputs directly in the 

form of environmental responses

• Similar but also dissimilar to 

standard character reconstruction

• Focus is on variance in niche 

(”niche breadth”), not just the most 

likely value (“centroid”)
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Ancestral niche

• Multiple methods

• Available packages:

• phyloclim (R package, available on 

CRAN)

• ambitus (available at 

https://github.com/ryanafolk/ambitus)

• Histogram method (discussed later today) 

https://github.com/ryanafolk/ambitus
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Different modes of thinking

• E-space: The area of the environment a 

species occupies

• Only need a tree and SDMs, many 

applications

• G-space: The area of the Earth a species 

occupies

• Need paleoclimate data too
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Appendix S2: Convex hulls were constructed for each cytotype: (A) diploid,  (B) triploid, and (C) tetraploid. Each convex hull has a buffer of 1 degree, 

or about 100 km. Black polygons represent the inital convex hull, red polygons represent the convex hull with the 1 degree buffer or the final convex hull 

extent. The base map depicted is bio1, or annual mean temperature, at the extent of 39.73° N, -86.42° W to 32.64° N, -75.12°W. 

Gaynor et al.—American Journal of Botany 2018 – Appendix S2
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Projection 

• Model states occurrence probability in 

terms of environmental conditions, which 

need not be those that obtain at present

• With the assumption that the relationship 

between environment and occurrence 

holds true through time, can predict for 

any time
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Projecting ancestral reconstruction

• Apply reconstructed niche 

probability to paleoclimatic data

• Three types of statements:

• Probability

• Binary (yes or no)

• Distance (how far from ideal 

habitat)

Binary

Probability
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We will be living outside of Docker today – github repositories run 

directly
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To look at Maxent diagnostics download for the first time OR 

update the tutorials repository.

Initial download:  

git clone https://github.com/biotaphy/tutorials

Update tutorial:

cd tutorials

git pull

https://github.com/biotaphy/tutorials
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”histogram method”

In revision
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In downloaded repository navigate to 

tutorials/data/input/heuchera_rfolk_sdm/

Click on .html file to get navigable output
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In downloaded repository navigate to 

tutorials/data/input/heuchera_rfolk_sdm/

Click on .html file to get navigable output

→ browser
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Initial download:

git clone https://github.com/ryanafolk/heuchera_ancestral_niche

For your reference: https://github.com/ryanafolk/pno_calc

https://github.com/ryanafolk/heuchera_ancestral_niche
https://github.com/ryanafolk/pno_calc


31

“PNO” (Predicted Niche Occupancy”): 

environmental variable as predictor, 

model suitability as response
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Tree: Newick format

Paleoclimatic data: See paper in review, 

contact me with questions about format

Optional: Phylogenetic uncertainty (.tsv)

→ terminal
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Output
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Output
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• SDM interpretation

• SDM assessment

• Concepts behind ancestral niche reconstruction

• Use of “histogram method”



36

Any questions?? 
Please use the chat to write your question!


