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Using Museum Specimens and Computer Models
in Biodiversity Studies

Herbaria important sources of
information on past and
present species distributions

Location information and
environmental data
— temperature, precipitation, soil

Software to model the range
of each species

Project onto other areas, past
& future climate conditions




‘Big Data’ Research in Biodiversity Science

* Monitoring shifts in biodiversity
* Tracking invasive species

* Ecological Niche Modeling, climate change
* Tracking phenological shifts

* Integration of ENM with phylogeny

* Past movements and climate change
* Landscape genetics

 Community phylogenetics/assembly
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What Is ecological
niche modeling”?

The use of associations between
environmental variables and known
Jrrence records to defir

Species 0cc
conditions with

N wk

€

iIch populations ca

maintained

N be



What data are we using”



What data are we using”
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1. Georeferenced occurrence records



What data are we using”

2. Gridded abiotic data layers



Occurrence data cleaning
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Occurrence data cleaning
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http://www.idigbio.org

ADIotic data layers

- What kinds?

* [femperature, precipitation, soll, land use

- Where?

e [ ocal, USA, North America, Global

- When?

e Past, current, future



Data layer sources

WorldClim

PRISM

WorldClim - Global Climate Data

Free climate data for ecological modeling and GIS

Download

Unified North American Soil Map

USGS
EPA
NOAA
PMIP

AgquaMaps

CLIMATE GROUP

Northwest Alliance for Computational Science and Engineering

;1117 Normals — Comparisons — This Month — Prior 6 Months — Recent Years — Historical Past —Gallery —Explorer _FAQ

- s e _ 7=l USGS Home
".4 b : == Contact USGS

science for a changing world e 52 m Search USGS

Mineral Resources On-Line Spatial Data

Mineral Resources > Online Spatial Data

National Geochemical Survey database




WorldClim

www.worldclim.org

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

Download

You can download climate data for:

e Current conditions (interpolations of observed data, representative of 1950-2000)

e Future conditions: downscaled global climate model (GCM) data from CMIP5 (IPPC Fifth
Assessment)

e Past conditions (downscaled global climate model output)

WorldClim 1: Current conditions (~1960-1990)

If you need the highest resolution (30 arc-seconds (~1 km)) then you can download by tile. See
the Methods page for more info on how these data were generated, and this page for info on details
about the data (such as units).

Generic grid format

variable 10 minutes 5 minutes 2.5 minutes 30 seconds
minimum temperature (°C * 10) tmin 10m tmin 5m tmin 2.5m tmin 30s
maximum temperature (°C * 10) tmax 10m tmax 5m tmax 2.5m tmax 30s
average temperature (°C * 10) tavg 10m tavg 5m tavg 2.5m tavg 30s
precipitation (mm) prec 10m prec 5m prec 2.5m prec 30s
bioclimatic variables bio 10m bio 5m bio 2.5m :)I(il-gg



http://www.worldclim.org

PRISM

WWW.prism.oregonstate.edu

Climate data for the US
More precise than WorldClim
e [arger files, more work

Data available from 1895 to
present

| ots of data and tools to
explore

30-Year Normals: At the end of each decade, average|
30-year normals covers the period 1981-2010.

Comparisons: Maps showing how observed values hg
Indicator tool.

This Month: Although still very preliminary, results bas|

Prior 6 Months: Provisional results based on both mor

Recent Years: Daily and monthly observations becomq
annual values computed at the end of each year.

Historical Past: Values prior to 1981 are based on les

years 1895-1990.

Gallery of State Maps: Prepared map images for each

Data Explorer: analyze and download time-series datz



http://www.prism.oregonstate.edu

Soll Sources

UNASM: http://daac.ornl.gov/cgi-bin/
dsviewer.pl?ds_id=1242

e All of North America

e Eight characteristics of
topsoil and subsaoill

e Poor resolution

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

US only

Need to define area of
INnterest

Big files and tough to get
large areas

# Home % Signin ’ Data ¢ a

DAAC Home > Data > Field Campaigns > NACP (North America) > Data Files
NACP MsTMIP: Unified North American Soil Map
Download Data

"ReSOUTCAS CONSErvalHON OETVICE e

Contact Us Sub‘crih.' Archived Soil Surveys | Soil Survey Status | Glossary | Preferences Link | Le

Area of Interest (AOI) Soil Data Explorer Download Soils Data

Search

Area of Interest Interactive Map

RS20 21 51 1 00 221 5 1

LR

L

Area of Interest
Import AOI

I

Quick Navigation

]

Address

LCtato and Coiinty




= PA

http://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=257306

 Land use
e County population projections
e Housing density projections

e Percent impervious surface projections

o |
.
\’ United States Environmental Protection Agency

Advanced Search A-Z Index
LEARN THE ISSUES =~ SCIENCE & TECHNOLOGY =~ LAWS & REGULATIONS =~ ABOUT EPA O

[E4Contact Us Share

You are here: EPA Home » Climate Change » Global Change Research Program » Global Change Impacts & Adaptation
»|CLUS Tools and Datasets (Version 1.3.2)

Global Change Impacts & Adaptation

Global Change Impact &
Adaptation Home

‘wowmme  ICLUS Tools and Datasets (Version 1.3.2)

As a part of the Integrated Climate and Land Use Scenarios (ICLUS) project, this Geographic Information System (GIS)
tool can be used to generate scenarios of housing-density changes and calculate impervious surface cover for the
Decision Support conterminous United States. The ICLUS User’s Guide accompanies the tool. This product distributes the population
projections and creates land use data described in the 2009 EPA report "Land-Use Scenarios: National-Scale Housing-
Density Scenarios Consistent with Climate Change Storylines".

Staff

Adaptation

Vulnerability Assessment




Other resources

Paleoclimate data

« NOAA (NC El ) .https://www.ncdc.noaa.gov/data-access/
paleoclimatology-data/datasets

e PMIP: https://pmip.lsce.ipsl.fr/
Aqguatic Environments

¢ Aq ual\/laps: http://www.aguamaps.org/main/envt_data.php



L ayer 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

ENMTools User Manual v1.0

Dan Warren, Rich Glor, and Michael Turelli

danwarren@ucdavis.edu




Selection of Uncorrelated
Layers
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Selection of Uncorrelated
Layers
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Selection of Uncorrelated
Layers
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http://www.worldclim.org

Ecological Niche Modeling

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



O @ Maximum Entropy Species Distribution Modeling, Version 3.3.3k

Samples Environmental layers
File :NM_Materials /MaxEntPointsinput.c: Browse Directory/File x/Denver/ENM_Materials /PresentLayers Browse

@ alt Continuous
@ Asclepias_curtissii biol Continuous
™ biol0 Continuous

bioll Continuous

™ biol2 Continuous

Asimina_obovata biol3 Continuous
lﬁ biol4 Continuous

biolS Continuous

@1 biolb Continuous

Pinus_palustris :
inus_palustni biol?7 Continuous

Select all Deselect all

Create response curves
Make pictures of predictions
Do jackknife to measure variable importance

Output format | Logistic

Output directory 2Marchant/Dropbox/Denver/ENM_Materials /Output Browse

Vil
v
v p
v Threshold featurs Output file type | asc
~ I
4

Auto features Projection layers directory/file Browse

Settings Help




Maximum Entropy Parameters

@ Advanced Experimental |

@ Random seed
@I Cive visual warnings
™ Show tooltips
' Ask before overwriting
| Skip if output exists
@ Remove duplicate presence records
@] Write clamp grid when projecting
@I Do MESS analysis when projecting

Random test percentage

Regularization multiplier

Max number of background points |

Replicates
Replicated run type Subsample

Test sample file Browse




Maximum Entropy Parameters

. Basic Experimental |

™ Add samples to background

Add all samples to background
Q} Write plot data
@ Extrapolate
™ Do clamping
™ Write output grids
@‘} Write plots
Append summary results to maxentResults.csv file
™ Cache ascii files

Maximum iterations
Convergence threshold |
Adjust sample radius
Log file

Default prevalence
Apply threshold rule

Bias file |

5000
0.00001
0

maxent.log

0.5

A
v




Maximum Entropy Parameters

| Basic  Advanced perimenta

4 Logscale raw/cumulative pictures
Per species results

M Write background predictions

@ Show exponent in response curves

| Fade by clamping

| Verbose

| Use samples with some missing data

Threads

Lq to Iqp threshold

Linear to Ig threshold’

Hinge threshold
Beta threshold
Beta categorical
Beta Igp

Beta hinge

Default nodata value




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

Average Omission and Predicted Area for PolystichumLemmonii

Mean area ®

10F 1 Mean area +- one siddev =

Mean omission on lestdata ® | I IISSIOn ra e S OU e
0.9 1 Mean omission + one siddev
Predicted omission ®

~ close to the predicted
omission

e o
L ~
L | T
A A

Fractional value
o
o
\J
A

04} -
03k ) Average Sensitivity vs. 1 - Specificity for PolystichumLemmonii
[ i | [ ' | | ' | ] | Mean (AUC = 0.952) ®
02F . 1or 1 Mean +- one stddev ®
Random Prediction ®
01} | 09}
00F : . 08}
0O 10 20 30 40 50 60 70 B0 90 100 207} .
Cumulative threshold c
§
206 -
F05¢ .
z
204} |
@
[ =
@
m 03 - -
AUC should be over 0.8 | .. |
0.1} -
00} d
0.0 0.1 0.2 0.3 04 05 06 0.7 08 0.9 1.0
1 - Specificity (Fractional Predicted Area)




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

bio1

bio13

bio14

yd
‘<

00
L5

15
10
0s |-

[

ah

o

k)

biol

bio13

bio14

|In contrast to the above marginal response curves, each of the following curves represents a different model, namely, a Maxent mode
correlations between the selected variable and other variables. They may be easier to interpret if there are strong correlations betwee

- N W a0
T T

T

F—

" —

- N @ A n
L

1 -

1 -

34

0

164

Variable||Percent contribution||Permutation importance
bio4 412 438
biol4 173 10.8
bio2 11.7 1.9
biol 102 202
biol5 8.9 4
biol3 6.7 93
alt 3.1 92

bio8 l 0.

Variable Contribution




Variable Performance

Environmental Variable

Jackknife of regularized training gain for dubius

4 Without variable ™
With only variable ®
1 With all variables ®

04 0.6 0.8 1.0 1.2 14
regularized training gain

Shows importance of variables




Other files

Suitability ASClIs 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

ENMTools User Manual v1.0

Dan Warren, Rich Glor, and Michael Turelli

danwarren@ucdavis.edu

Component 2 (14.8 %)

Species
VY Polypodium sibiricum
® Polypodium saximontanum
o ‘At‘A sA A Polypodium amorphum
AAA‘“ "
or® S
o, ) - ¢
o A &
R Y& o X i
Y £ b '1 o
L J S 4
\.' v Y Ay
A
=

-4 2 0 2 4

Component 1 (31.2 %)

Component 2 (14.8 %)

1.0

0.5

0.0- . ®
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-0.5

-1.0

-1.0

H
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L
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L
t_silt t cec
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Component 1 (31.2 %)
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ENM Resource Page

https://www.idigbio.org/content/using-digitized-collections-based-data-research-free-hands-
crash-course-ecological-niche

| Education

Log In | Sign Up

Using Digitized Collections-Based Data in Research: A
Free, Hands-On Crash Course in Ecological Niche
Modeling

Video Tutorials
R Scripts
Example Datasets

Link to Sococo Online Office Hours
Tuesdays at 10am



