BIOL 471.02 — Comp. Methods in Systematics
Spring 2009

Climatic Envelope Modeling using MaxEnt:
Predicting the Affect of Near-Future Climate Change on a Threatened Species
(tutorial, no points; assigned 9 Mar 2009)

Overview

e We will obtain occurrence data of Lycopodiella appressa (bog clubmoss; family
Lycopodiaceae), a threatened plant species in Pennsylvania, from GBIF and supplement
it with PA Flora Project Data (which is not necessarily represented at GBIF).

o We will estimate a climatic envelope for L. appressa using occurrence data and current
climate data represented in a series of grid files.

e Then we will project that climatic envelope onto climate grids that have been modeled for
the year 2050 under the assumption of a doubling of atmospheric CO2.

e We will then have generated a prediction of the potential 2050 geographic distribution of
L. appressa.

Detailed Procedure

Obtain GBIF Occurrence Data and format for MaxEnt:
1. Go to the taxon (species) page for our species.

2. Beneath the overview map, “View all occurrences...within the viewed area.” (e.g., figure
below). This will take you to page showing all mapped records (i.e., those with latitude and
longitude).

Occurrence overview

This link will
retrieve all mapped

(i.e., georeferenced)
occurrences.
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3. Download a spreadsheet of the occurrences (e.g., figure below). Choose a “tab delimited text
format” and restrict the data to the required fields plus Latitude and Longitude.

Save this file as YOURLASTNAME-SPECIES.txt. Save also the citation information as
YOURLASTNAME-SPECIES-citation.txt.

4. In Excel, modify this file to include just three columns in this order (this is the order that our
modeling program MaxEnt requires): Species name, Longitude, Latitude.

Append to the end of these data the data from the PA Flora Project (included in the
MaxEnt\species-input\ folder).

Save this in “comma delimited format” (aka, comma separated values or .csv) as follows:
YOURLASTNAME-SPECIES.csv

fj Occurrence search - Download spreadsheet - Classification includes Subspecies: Alnus viridis ss - Windo

@: - I Ll hthj:,’fdata.ghif.nrg,"nccurrences.."dnwnlnadSpreadshEethh'ni‘c[ﬂ].s=ZD&c[D].p=W
| & - Here you select the format of your
ﬁ? ﬁ'ﬁ? kOccurrence search - Download spreadsheet—clasmﬁc...l | / doWnIoad’ and you Can I|mit the
meta data associated with your
occlrrence records.

Download spreadsheet of results
You are about to download records for the query: Classification inclu
0.0°W, 90.0°N

This download will return a maximum of 250,000 records. Your downlo 2d format and will include a citation for the searck

results in a separate text file.

Format options
& Tab-delimited
' Comma separated values
0 Excel (maximum of 65,535 records)

Required fields

¥ Data provider [ Dataset I Scientific name [ GBIF portal url

Dataset
Select all | Deselect all

[T Institution code [T Collection code [T Catalogue No [T~ Basis of record [ Collector name [~ Date collected
[T Collector number [T Field number M GuiD [T Image url [T Last indexed [T 1dentifier
[T Identification date [~ GBIF webservice url

Taxonomy
Select all | Deselect all

V| Scientific name (interpreted) 7 Author [T Kingdom [T Phylum [T cClass [T order T Family [T Genus

Geospatial
Select all | Deselect all

T Country [T Country (interpreted) [T Locality [T County [T Continent or Ocean ‘| State/Province L
[T Region [T Provider country ¥ Latitude M Longitude [T Coordinate precision [T Cell id
[T Centi cell id [T Min depth [T Max depth T Max depth [T Min altitude [T Max altitude

[T Altitude precision

Download now =
;l_l

4 I
| l—l_l_l_l_l_le Internet |+‘ LS © 4
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Model Climatic Envelope in MaxEnt:
1. Open MaxEnt by double clicking on the maxent.bat file. Wait for the window below to
appear.

2. Load you samples (occurrences from the .csv file).
3. Point to the directory containing the current climate grid files.
4. Select a subset of the climate variables to use (1, 5, 6, 12, 18, & 19; see Table 1 below).
5. Select the output file type to .grd (which we will later use in DIVA-GIS).
6. Point to the output directory (where you want the output files written).
7. Point to the directory containing the future climate grid files.
8. Settings to “Remove duplicate presence records” and “Random test percentage” to 25.
9 Run the analy3|s ThIS will take a while.
Samples Emvironmental layers
File|Ent‘tspecieS-input‘thardy—lvcopodiella.4| Browse | DirectonyFile 31.DIVA—GIS\MaxEnnEUDD-cIimate-worldclim" Browse |
[]BioDg9 Continuous - |-
[ ]BIO10 Continuous -
[1BI011 Continuous -
BIO12 Continuous -
[1BI013 Continuous -
[1BI014 Continuous -
Lycopodiella_appressa C]BI015 e =
[ 1BIO16 Continuous - |_
[ 1BlO17 Continuous -
BIO18 Continuous -
BIO19 Continuous -
Select all Deselect all
[[] Linear features Create response curves ||
[] Ouadratic features Make pictures of predictions [_|
[] Product features Do jackknife to measure variable importance [
[] Threshold features Output format |L ogistic =
Qutput file type |.grd -
[] Hinge features
Output directory |C:1F'rogram FilesiDIVA-GISMaxEntispe cies-autput Browse
Auto features Projection lavers directoryfile |) - GISIMaxEnti2050-climate-warldelim| - Browse
Run J/\ Settings | Help

£ Maximum Entro py Parameters |:| |§| E|

[] Random seed
Logscale raw/cumulative pictures

Give visual warnings

Ask hefore overwriting

Show tooltips

Remove duplicate presence records

Random test percentage i

Regularization multiplier 1

Maximum iterations 500

Comvergence threshold 0.00001

Mazx number of background points|10000

Bias file | Browse
ITest sample file | Browse
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Table 1. Pool of climatic variables utilized for climatic niche modeling under the current,
Worldclim 1.4 (Hijmans et al. 2005), and future, CCM3 (Govindasamy et al. 2003), climate
models.

Number | Climatic Variable

01 Annual Mean Temperature

02 Mean Monthly Temperature Range

03 Isothermality

04 Temperature Seasonality

05 Maximum Temperature of Warmest Month
06 Minimum Temperature of Coldest Month
07 Temperature Annual Range

08 Mean Temperature of Wettest Quarter

09 Mean Temperature of Driest Quarter

10 Mean Temperature of Warmest Quarter
11 Meant Temperature of Coldest Quarter

12 Average Annual Precipitation

13 Average Precipitation of Wettest Month
14 Average Precipitation of Driest Month

15 Precipitation Seasonality

16 Average Precipitation of Wettest Quarter
17 Average Precipitation of Driest Quarter
18 Average Precipitation of Warmest Quarter
19 Average Precipitation of Coldest Quarter
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Analysis of MaxEnt output in DIVA-GIS, Part 1:

1.

2.
3.

5.

6.

From C:\Program Files\DIVA-GIS\data\ open DIVA-GIS and add layers for American
countries, US states, and US counties.

Import your occurrence records as dots on the map.

Add the two climate envelope models as layers (from the MaxEnt output folder):

the present (year 2000) model will be a .grd file as follows:

Lycopodiella_appressa.grd

the future (year 2050) model will be a .grd file as follows:
Lycopodiella_appressa_2050-climate-worldclim.grd

Modify the title color legend for the year 2000 probability values (which are an estimate
of climatic suitability or the probability of occurrence) as follows:

"= Properties E][E|E|

Label |L_I,I. appressa [2000 climate)

Filename ||::'\|:|r|:|gram fileshdiva-gizhmarenthzpecies-outputh ycopodiella_appre

Legend l Info ] Histu:ur_l,ll

Color) From To Label Auto complete j
1] nz 0-0.2 {« Edit values
" Select
02 0.4 02-04 FlECt IOnE
Clazsify
0.4 e 04-06 | ﬂ
e 06-08
E Select calar scheme
n.a 1 0a-1 | ﬂ
MHaodata Ma Data

’:Hamp| a|

[~ MoData Transparent Read From File
' OK B, Close |

Do similarly for the year 2050 model legend.

Answer the following questions (next page):
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For current bioclimatic model,
Name the state(s) for which there is at least a 0.8 probability of occurrence but for which
there are no occurrence records.

Name the county(s) in PA for which there is at least a 0.8 probability of occurrence but
for which there are no occurrence records.

Judging from the common name and the wetland indicator for the species, what is a
factor limiting the occurrence of L. appressa that our model has not incorporated?

What is the best way to interpret the probability map?
For the year 2050 bioclimatic model,
Are there additional states for which there is a high probability of future occurrence?

What states are predicted to see a decline in this species?

In PA, which counties might see an increase in this species?

In PA, which counties might see a decrease in this species?

Do you think that PA will, overall, see an increase or decrease in the abundance of this
species?

What are some other factors that might affect this prediction?

Continue the procedure on the next page....
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Analysis of MaxEnt output in DIVA-GIS, Part 2: Quantifying the change in climatic
suitability in PA for Lycopodiella appressa:

1. With the current bioclimatic model layer active, cut the model to include only a block
that includes the state of PA (plus some surrounding area).
Copy these bounding coordinates from another grid file that I created called
“templ1.grd” in the main MaxEnt directory (see below).

=S|

| npLit |'xdiva-gis'xma:-:ent'xspecies-u:uutput'xlycupudiella_appressa.gru:l
Olutput |E:'xF'rcugram Files\DWa-G154 axE ntyspecies-outputh 2000 -

f« Gnd © Stack

Dimenzion of output file

f* Rows/Columnz

Lett Riight
i 4319
Column | | Draw Fectangle |
Upper Lowwer
Row [0 11753

(" Coordinates

b irrmrm hazimum Reset
# |-180 |1a0

Pdinitmum b amirnurm
W |-5|:| ER

Copy fram other gridfile

Browse |E:"~F'r|:ugram Filez\DI%A-G154M arEnthternpl1.grd J

o 0K X Cloze |

2. This created a new grid file. What does this grid file represent?

3. Peform “GRID > Describe” to summarizes the probability of climatic suitability.
Report the following:
Minimum year 2000 probability value for PA sensu lato:

Maximum year 2000 probability value for PA sensu lato:
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Sum of year 2000 probability values over all 5 min? grid cells in PA sensu lato:

4. Now do the same for the year 2050 bioclimatic model and answer the following:
Minimum year 2050 probability value for PA sensu lato:
Maximum year 2050 probability value for PA sensu lato:
Sum of year 2050 probability values over all 5 min? grid cells in PA sensu lato:

Calculate the percent increase or decrease in probability of climatic suitability in PA
for Lycopodiella appressa. What is this value?
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