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Using&Museum&Specimens&and&Computer&Models&&
in&Biodiversity&Studies&

•  Herbaria&important&sources&of&
informa;on&on&past&and&
present&species&distribu;ons&

•  Loca;on&informa;on&and&
environmental&data&
–  temperature,&precipita;on,&soil&

•  So>ware&to&model&the&range&
of&each&species&

•  Project&onto&other&areas,&past&
&&future&climate&condi;ons&



•  Monitoring(shi+s(in(biodiversity(
•  Tracking(invasive(species(
•  Ecological(Niche(Modeling,(climate(change(
•  Tracking(phenological(shi+s(
•  Integra<on(of(ENM(with(phylogeny(
•  Past(movements(and(climate(change(
•  Landscape(gene<cs(
•  Community(phylogene<cs/assembly(
(

‘Big(Data’(Research(in(Biodiversity(Science(



What is ecological  
niche modeling?

The use of associations between 
environmental variables and known 

species occurrence records to define 
conditions within which populations can be 

maintained 



What data are we using?



What data are we using?

1. Georeferenced occurrence records



What data are we using?

2. Gridded abiotic data layers



Occurrence data cleaning
• Check taxon names 

• Round up the latitude and longitude to 
desired coarseness 

• Remove points that are not precise 
enough 

• Remove bad coordinates 

• Most common coordinate: 0.00, 
0.00 

• Cultivated zones, botanical 
gardens, etc 

• Remove duplicates 

• Remove coordinates outside desired 
range



Occurrence data cleaning
• Check taxon names 

• Round up the latitude and longitude to 
desired coarseness 

• Remove points that are not precise 
enough 

• Remove bad coordinates 

• Most common coordinate: 0.00, 
0.00 

• Cultivated zones, botanical 
gardens, etc 

• Remove duplicates 

• Remove coordinates outside desired 
range



www.idigbio.org

http://www.idigbio.org


Abiotic data layers
• What kinds?

• Temperature, precipitation, soil, land use 

• Where?

• Local, USA, North America, Global 

• When?

• Past, current, future



Data layer sources
• WorldClim 

• PRISM 

• Unified North American Soil Map 

• USGS 

• EPA 

• NOAA 

• PMIP 

• AquaMaps



WorldClim
• Global climate data 

• Multiple resolutions 

• 19 Bioclimatic variables derived from 
monthly temperature and rainfall values 

• Current conditions: averaged over past 50 
years 

• Future conditions: climate projections from a 
number of global climate models with 
different greenhouse gas concentration 
trajectories 

• Past conditions: Mid-Holocene, Last Glacial 
Maximum, Last Inter-Glacial

www.worldclim.org

http://www.worldclim.org


PRISM
• Climate data for the US 

• More precise than WorldClim 

• Larger files, more work 

• Data available from 1895 to 
present 

• Lots of data and tools to 
explore

www.prism.oregonstate.edu

http://www.prism.oregonstate.edu


Soil Sources
• UNASM: http://daac.ornl.gov/cgi-bin/

dsviewer.pl?ds_id=1242

• All of North America 

• Eight characteristics of 
topsoil and subsoil 

• Poor resolution 

• USGS: http://websoilsurvey.sc.egov.usda.gov/
App/HomePage.htm 

• US only 

• Need to define area of 
interest 

• Big files and tough to get 
large areas



EPA
• Land use 

• County population projections 

• Housing density projections 

• Percent impervious surface projections

h"p://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=257306	
  



Other resources
• Paleoclimate data

• NOAA (NCEI):https://www.ncdc.noaa.gov/data-access/
paleoclimatology-data/datasets 

• PMIP: https://pmip.lsce.ipsl.fr/ 

• Aquatic Environments

• AquaMaps: http://www.aquamaps.org/main/envt_data.php



Layer Processing
• Need layers in ASCII format 

• Clip layers to fit your desired 
range 

• Pairwise correlation analysis 
to check for highly correlated 
layers 

• Selection of uncorrelated 
layers



Selection of Uncorrelated 
Layers



Selection of Uncorrelated 
Layers



Selection of Uncorrelated 
Layers
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Ecological Niche Modeling

https://biodiversityinformatics.amnh.org/open_source/maxent/











RUN!



Now what?
• Maxent outputs a .html with all of the stats and 

maps 

• Model statistics: training vs test data, AUC 
scores 

• Maps: suitability scores, binary thresholds, 
projections 

• Variable performance: contribution to model, 
response curves



Model Statistics
Omission rate should be  
close to the predicted  

omission

AUC should be over 0.8



Maps
Suitability heat maps  

of the point-wise mean  
and standard deviation  

of the replicates

You can also project those models onto other regions or time 
periods with projections



Variable Performance

Response  
Curves

Variable Contribution



Variable Performance

Shows importance of variables



Other files
• Suitability ASCIIs for the 

average, maximum, 
median, minimum, and 
standard deviation 

• Also for the 
projections, if included 

• Maxent log 

• MaxentResults.csv 

• Results for the replicates



Additional Analyses
• Niche overlap 

• Niche breadth 

• Range overlap 

• Point-sampling 
and PCA



ENM Resource Page
https://www.idigbio.org/content/using-digitized-collections-based-data-research-free-hands-

crash-course-ecological-niche

Link to Sococo Online Office Hours
Tuesdays at 10am

Video Tutorials
R Scripts

Example Datasets


