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Thanks for using ENM®Is! At present, this software should be considered an alpha releasme bits
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|. Installation

I-a. Installing Perl

ENMTools is a Perl script with a graphical user interface that is implemented via the Tk+ package. This
means that you need to have Perl and the Tk+ package installed before you canluselnlikely that

the versions of Perl and Tk+ needed to run ENMTools are already installed on your computer. First and
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http://www.activestate.com

Choosd.anguage Distributions ActivePerl. The Standard distribution has everything you need, and is
free. Download it and install it in just like a regular windows or Mac OSX program. Where you install it
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I-b. Installing Tk+
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7 Perl Package Manager

METX

Activestate Perl distribution installed

File Edit View Action Help
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ENMTools should run right away. If e~ = 0.5 2|9 W
. A o “ « - | Package Name | Area | Installed | Available | Abstract |A
R2Sa y. Qu = e2dz YI é () abbreviation 0.02 Perl pragma to abbreviate class names
. . . . x\g ABI 1.0 Petl module to parse chromatogram files generated b...
Tk+ d IStri bUtlon' For th IS, yOU need \;) AcePerl 1.91 Object-Oriented Access to ACEDE Databases
to launchthe Perl Package Manager. | acH 0.01  ACH perl object
) L. ((5) ACH-Builder 0.02 Tools for Building ACH {Automated Clearing House) F...
You can f| nd th|S n the Start menu \y ACH-Generator 0.01 Generates an ACH formatted file from an ACH perl o...
. j ACH-Parser 0.01 Parse an ACH formatted file to ACH perl object
fOIder that was Created durlng the \,9 Acme 1.11111  The Base of Perfection
Perl installation. You can then either|@ acme-24 0.01 Your Favourite T¥-show Acme module
. \\9 Acme-6502 0.0.6 Pure Perl 65C02 simulator,
preSS [Ctr'!l] or CI ICk the bUtton %,\9 Acme-Anything 0.02 Anything, even imaginary modules are loadable
hlg h I|g hted in green in the image to () Acme-BabyEater 0.04 Baby eating has never been easier!
( \; Acme-BadExample 1.00 Perl document, yes. Perl code, no damn way!
the rlg ht to show all paCkageS . (D Acme-Beatnik 0.02 Source Filter to implement the Beatnik language
() Acme-BeyondPerl. .. 0.01 RDBMS calculates instead of Perl
. . ( \,9 Acme-BlahBlahBlah 0.01 Perl extension for blah blah blah
ScrO” dOWﬂJ ntll yOU fl nd the () Acme-Bleach 1.12 Perl programming in morse code
LJI o ‘1 I 3 g d ¢ ‘1 b é I y‘ H lj Acme-Bleach-Nu... 0.04 Fit the whole world between 0 and 1 =
it to install. Status |Details

Synchronizing Database ...
Downloading ActiveState Package Repository packlist ...
Downloading CPAN packlist ... done

Synchronizing Database done

not modified

6539 packages, 6539 listed | 37 installed, 0 toinstall, 0 toremove | Install Area: site
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I-c. Launching ENMTools

ENMTools can be launched in several ways. If you are using one of the binary versions, it can be
launched simply by doublelicking on the icon for the exetable file. The Perl version can be launched
this way as well if your system is configured so that Perl is the default application for files with the .pl
extension. If this is the case, you can also launch ENMTools from the command prompt by typing the
appropriate path (e.g., ,.ENMTools.pl if you are currently in the directory with the perl script).

LT @2dzNJ aeaidsSYy AayQild O2yFAIdzNBR (2 2Ly oL TFTAfSa
command prompt and typingperlpath> <enmtoolspath>eplacing each of those with the appropriate
directory path (e.g., /usr/bin/perl ./ENMTools.pl ).

If ENMTools is failing to launch or exiting unexpectedly, try launching it from a command line. This
g2y QG FAE GKS LINRBof SYI omafically dokifig s tiatahy effokBessagey & 2 £ S
can be seen.

Il. Running ENMTools

ENMTools menubar has four basic options, each of which provides you withdopullmenu and suite
of associated options: (1) ENM Measurements, (2) Hypothesis Testing, #B)fRag, and (4) Options.

Il.a. The Options Menu

You will need to begin by familiarizing yourself with the Options menu because some basic features of
ENMTools and an associated prograMaxentc need to be configured properly before you go any
further.

ll.a.i. Configuring ENMToo0ls



1) ENMTools =SS

ENM measurements Hypothesis testing Resampling Options

Options specific to ENMTools.

Source of climate data: _) Species with data (csv) @ Climate layers

Layers directory C:/Users/danw/Desktop/Sample Data/Sample Data/Layers

Output directory C:/Users/danw/Desktop/Sample Data/Sample Data/output

| |
| |
| Projection directory |
[ )

Maxent jar file C:/Users/danw/Desktop/maxent_3.3.1.jar

Suitability measure: ) Raw () Logistic @ Cumulative
Show Maxent GUL ) No @ Yes
Maxent version: () 3.2xor older @ 3.3 or newer

Save options

[

Once ENMTools has launched for the first time, it is essential that you complete a few basic steps to
configure the program before proceeding any further. This is necessary because ENMTools needs to
know a few things about ere your data and other files are before it can do anything (trust us, this
required configuration stage will save you time down the road). If it is not properly configured,
ENMTools will confess its ignorance at stgstby complaining about a missingndig file. To configure
ENMTools, you need to go to select the options tab from the ENMTools menu:

1. Tell ENMTools where your environmental data can be foufidhere are two possible locations for

your environmental data: (1) embedded directly inyourd &G 2 ¥ 2 OOdzZNNBy OS LR Ayida o

2NJ 6HO & | aSLINIGS FAES 2N aSd 2F FAtSa o0aOftAYl

option, you will then need to tell ENMTools where your climate layers are located by clickimg on
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layers).

2. Specify an output directory foyour results. ENMTools also needs an output directory where it can
ONBIGST YIyYyALWzZ I G§4ST YR FylLtel S FAftSao LiQa | 9



for each analysis you conduct (some ENMTools analyses generate lots of oatpahfllkeeping track

2F GKSaS FAaAtSa Oly ljdaolfte 06S02YS @SNE O2y¥FdzaAy3
directory in the same fashion that you would create any new directory with your operating system.

Select this directory in ENMToalgd A Y3 (G KS dahdziLdzi RANBOUGZ2NERE o6dzil2yc

36yS0O0SaalNE 2yfe AT e2dz KIS pleckhCad @ RyerdafiirS & { LISOA S
projection. LT &2dz I NB dzAAy3a GKS a{LISOASE 6A0GK RIFGFE 6{2
to project on2 ® LT &2dz NB dzaAy3a {253 06S adzaNB G2 aSid e&2c

4. Specify location of MaxentMany of the analyses conducted in ENMTools are done in association

with the program Maxent. For this collaboration to be successful, ENMTools te&dow where

alESyd Aao . 2dz Oy aSi GKAa&a faz ISt myNSdzerwA atk $ odi
.Jjar file, not the .bat file. Due to changes in the command line arguments for later versions of Maxent,
ENMTools also needsto knanwk A OK @SNEAZ2Y 2F al ESy(d &2dzQNB dzaAy3d
button at the bottom for your Maxent version.

5. Select the suitability measure that you want to use for all Maxent analys&$axent is capable of

providing output in the form of severdifferent types of suitability measures. To specify the option

dza SR F2NJ Fylrteasa O2yRdzOGSR Ay al ESyids a8t SO0 &2dz
radio button.

6. Set Maxent visibility option.You have the option of seeing, ornotsed@nga | ESy 4 Qa Ay i SNF I
ENMTools sends it data. Viewing the interface can be useful when diagnosing problems, but it may also
at2g R2e6y LylfeasSa az2vYSgKIGo ,2dz Oy OK22a$S 6KSi
alESy( D!Lé NIRAZ2 odziiizyo

az
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loaded whenever you start ENMTools.

7.Save your configurationh y OS 22 dzQ@S YIRS |ff 2F &2dzNJ OK2AO
A
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ll.a.ii Maxent Opions

x| ENMTools [ESSEER

ENM measurements Hypothesis testing Resampling Options

Options for Maxent.

RAM to assign to Maxent (MB): -mx1000m

Make response curves for ENMs: © No () Yes
Make pictures for ENMs: ' No @ Yes
Make ROC plots for ENMs: ) No @ Yes

This pagealso under the options menapntains options that ENMTools will pass to Maxent for each

run that it executes. At the present time, you are not able to manipulate the complete range of

al ESyi(iQa 2LIiA2yao 2 S andds fimelgheRom.I Al 6f Burréhyy limplengented2 NBE 2
options should be fairlyseB ELJX | yI 12 NEZ 6AGK 2yS SEOSWIiAZ2YY (KS é
requires an argument of the formmx####m, where #### is the number of megabytes of RAM that you
wantMaxSy i (2 dzaSo al 18 adaNB (KIFd Ad R2SayQi SEOSSR
At present, there is a bug on some 64 bit Windows systems that limits the amount of RAM that the Java

virtual machine will allow you to allocate to Maxent. Aslfai. 6 S Q@S 06 SSy rightnbws (2 FA 3
GKA&a AayQi +Fy 9bact22ft acitlsteRstd bd ¥ Jazagibblem.alt aBySng knowsINE 6 £ S
of a good solution, please contact Dargan.l.warren@gmail.corwe would appreciate the help.
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II.b. The ENM Measurements Menu

Selecting the ENM measurements tab permits you to calculate two basic metrics from predicted habitat
suitability scores generated by Maxent or some other niche modelling program: (1) questiuidi of

niche overlap between ENMs generated from two or more species and (2) assessment of niche breadth.
Conducting these analyses requires that ENMs and associated habitat suitability scores have already

been generated by another software package.
Il.b.i Measuring niche overlap

§%| ENMTools E=NEEE

ENM measurements Hypothesis testing Resampling Options

Measure niche overlap between two or more ASCII raster files.

Files to be compared:

Add files

[

] | Importfile list
[
| Clearfilelist

|
|
Savefilelist |
|

' Name for this analysis:

GO!

| == —

The overlap page is for measuring similarity between predictionsgf habitat suitability between ane or
more pairs of populations using methods introduced by Warren et al. (2008). The setup is fairly
straightforward¢ you canadd files, save and import lists of files, and name your analysis. The files to be
added in this window should be ASCII files of predicted habitat suitability produced by Maxent or some



other method. The program will automatically measure overlap uswog different statisticsg
{ OK2SySNRa 5 o/{ Olktatisiy (SesVarprcey ab. 2008/ additiosal details).

All you have to do to measure overlap is load in a list of .asc files and provide a name for the summary
output file. Everyp&iB A 4SS O2YLI NAazy oAff 6S YIRS a2 AT
comparisons. Execution time depends on the number of ASCII files and the resolution of the data.

The output of an overlap analysis is two files, each named usingnidlgsis name you provided. These
files can be opened using a text editor or spreadsheet program. Each one contains a table of pairwise
overlaps using the statistic listed in the file name. BahdD range from O (species have completely
discordant BIMs) to 1 (species have identical ENMs).

Il.b.ii Measuring niche breadth

5°| ENMTools = | )]s

ENM measurements Hypothesis testing Resampling Options

Measure niche breadth on ASCII raster files.

Files to measure:

Add files

Save file list

[ )
| Importfilelist |
[ l
| Clearfilelist |

Name for this analysis:

GO!

e 2dz



This page works almost exactly like the niche overlap page, except that it outputs a .csv file containing
measurements of niche breath for each of the .asc files that you spéldify two niche breadth metrics
are those of Levins (1968).
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Il.c. TheHypothesis Testinllenu

¢SadAy3a I gARS Nry3dS 2F O2YLI NI ADBS KeLRIKSaAra Aa
tested with ENMTools include:

1. The niche identity test.Thistest is used to ask whether ENMs generated from two or more
species are more different than expected if they are drawn from the same underlying
distribution.

2. The background similarity tesfThis test is used to ask whether ENMs drawn from populations
with partially or entirely noroverlapping distributions are any more different from one another
than expected by random chance.

3. Rangebreaking tests. This suite of tests is used to ask whether biogeographic boundaries
correspond with significant environmentariation.

ll.ci. Identity tests

11



5| ENMTools EENEEETSC

ENM measurements Hypothesis testing Resampling Options

Test the hypothesis that two populations were drawn from an
identical distribution of environmental variables.

Occurrence files:

Add files

Save file list

l )
| Importfilelist |
[ )
[ Clear file list ]

‘ Number of replicates:

[¥] Run Maxent
["| Keep pseudoreplicate files

["| Binary predictions using minimum training presence

GO!

= = = |

The niche identity test allows the user to test whether the habitat suitability scores generated by ENM
models from two species exhibit statistically significant ecological differences. It does this by pooling
empiricd occurrence points and randomizing their identities to product two new samples with the same
numbers of observations as the empirical data. See Warren et al. (2008) for details.

To the niche identity test you need to use the Add, Import, Save and Cl#an® to select a set of .csv
occurrence files for analysis (NOTE: unlike analyses of ENM similarity, the files used for hypotheses
testing are .csv files of occurrence points, not .asc files of habitat suitability scores). Once the files with
the desira occurrence points have been selected, the program then conduct pairwise identity tests for
SOSNE LI AN 2F 200dz2NNByOS LRAYylGa® lf K2dAK 6SQ@S
.csv occurrence files for each species or populatianigiend to analyze, hypothesis testing in

ENMTools can also accommodate a single .csv with multiple different labels for occurrence points. If a
file with multiple different occurrence labels is used, the points with the different labels will be treated
as distinct datasets and every possible pairwise comparison will be conducted by default (e.g., if you
have one file with species A and B and another with species C and D, you will be doing compaCisons A
A-D, BC, and BD as well as#8 and ).

12



Hypothesis testing is conducted by default

on theset of layers that was previously Identity Test

specified in the Options tab. It is important

to note that the test of niche identity (and | «

other hypothesis tests conducted in s

ENMTools) can take a long time, depending

on thesize and resolution of the spatial

data. The output from the niche identity |,

test includes a pair of .csv files with niche | , l

overlap scores from each pseudoreplicate. |, |

These scores represent the expected TP IR PP PP PP F@ NP PP P

degree of niche overlap when samples are

drawn from the same distribution (i.e., the pooled sample of occurrence points from two populations).
By comparing the overlap between ENM models generated from the actual data for each species
(obtained using the overlap tab under the ENM measures menu) to theistribdtion obtained using
the identity test tab, it is possible to ask whether ENMs produced by two populations or species are
statistically significantly different. In the example to the right, the red arrow indicates the measured
overlap between specgeand the histogram illustrates the distribution of overlaps from
pseudoreplicates. It is clear from this example that the ENMs built based on the actual occurrences of
the two species are more different than expected by chance. This outcome amountsjéztion of

the hypothesis of niche identity.

Options for running the Identity test.

Run Maxent.. @ RS¥l dz (X G(KS dawdzy al ESydGé RAIFf23dzS 62E &l
meansthat. Byda St SOGAY 3 awdzy al ESy (sinplygérerdee ifputyilesfo6t f 9ba¢
pseudoreplicates, but not analyze those files in Maxent. These input files could then be analyzed using

other methods of ENM construction.

Keep pseudoreplicate file¢. KS o6 dzi G2y YIF NJ SR &1 SS L) ToisSviefheresS LI A OF
not it should delete the files Maxent generates for each pseudoreplicate ENM. When you first begin

analyses of a given dataset it will be useful to individually inspect results of each pseudoreplicate to

ensure proper behavior of ENMTsaind Maxent. However, saving all of the data associated with each
pseudoreplicate for a large analysis can quickly eat up all yourdrare space.

Binary predictions using minimum training presencé€his button is used to conduct analyses on simple
binary predictions that involve predicted presence or absence, rather than some quantitative measure
of habitat suitability. Because Maxent produces quantitative measure of suitability, the use of a binary
presence/absence prediction requires simplificatafrthe original output from Maxent. The simplest
approach to doing this is to assign a threshold value to the Maxent predicted suitability output scores
that corresponds with the minimum training presence (i.e., the lowest predicted suitability scdre tha
corresponds with a known occurrence). When this option is used in ENMTools, the identity test is
conducted on grids that consist strictly of Os (species assumed to be absent due to predicted habitat

13



suitability score lower than the minimum training thedd) and 1s (species assumed to be present due

to predicted habitat suitability score higher than minimum training threshold). Some caution should be
applied in interpreting the results from such binary predictions: in addition to the general concerns
expressed about comparing thresholded niche models in appendix S1 of Warren et al. (2008), there are
potentially conceptual problems with comparing the overlap between thresholded models for two
species to the overlap seen between thresholded models foredslusf their pooled occurrences.

One word of cautior be sure that you measure your actual overlap using ENMs that were built using
the same data and same suitability measure as your pseudoreplicates! Comnip#&ihmakes little
sense, and comparing eslap of logistic Maxent ENMs to overlap of raw or cumulative ENMs makes
even less.

14



Il.c.ii Background tests

¥ ENMTools EENEERT

ENM measurements Hypothesis testing Resampling Options

Test the hypothesis that two species are more or less similar than expected based
on some estimate of the environmental background from which they are drawn.

[Focal species occurren(} Not set

[ Background samples J Not set

Number of replicates:

Number of background samples:

Scheduled analyses: v »

[ Add this analysis ]

[ Clear list ] e

[¥] Run Maxent
("] Keep pseudoreplicate files

(| Binary predictions using minimum training presence

GO!

This test uses randomization to determine whether two species are more or less similar than expected
based on the differences in the environmehkackground in which they occur. The identity test above

is a very strict condition for assessing ecological similaiitentity is expected to be rejected only when
species tolerate the exact same set of environmental conditiortshave the same st of

environmental conditions available to them. Although the former condition may hold for some species
pairs, the latter is unlikely to hold for allopatric species.

To conduct each background test, you need two files. The first file is a .csitfitcaurrences for a

single specieg the focal species for this particular test. The second file is either a .csv file of points (lat
f2y30 FNBY (GKS RSaA3ayIFrGSR aol O13INRdzyRé NBIAZ2Y 2NJ
random background poy U a ® LT I YIal FAfS-ppHPEINRBRAE@ARFRS NILINE (€
outside the study area, and any other value is interpreted as being inside. In either case, generating the
background file requires a bit of knowledge of a GIS prodile@ArcGIS. Perhaps the simplest approach

is to draw a polygon around the background area in ArcMap and export the region inside this polygon as

a new layer that will be used as the mask in ENMTools.

15



As an example say you want to compare a pair of spe(A and B) to see whether they were more or

less similar than expected based on the environmental conditions available to them. You would

compare the species occurrences for A to the background for species B, using either a set of points or an
ASCII msk for the background area. The number of replicates determines the statistical resolution of

the test (100 replicates is enough to get@minalresolution of 0.01but because of sampling errorith

is only a approximation of the true P valQle The nmber of background points you use should be the
number of points you have f@pecies Rif you have 25 points for A and 50 for B, you compare the

actual occurrences for A to 50 randomly chosen background points from the area of spedi&scB

theseseti Ay3a KIFI @S 0SSy YIRSY (KS& IINB FTRRSR (2 GKS |
then want to make the same comparison in the opposite directjcompare the points for B to the
background for A. When all analyses have been added, pressih@ H¢ o6 dzi (1 2 Yy @

The output from these analyses looks like that of the identity test, and is analyzed similarly, with one
exception; a pair of species may be either more or less similar to each other than expected based on the
suite of habitats available tdhem, so this is most often treated as a tialed test.

One conceptual issue that arises with this test is the definition and justification of what we consider

Gol O1 ANR dzy R¢ @ Ly &42YS OFraSa 6So3oxr YI1Ay3a O02YLI N
allopatric taxa separated by geographical barriers) the appropriate geographic regions are fairly clear.

Other situations are not as simple. The results of this test can vary based on the definition of the

background areas, so users are strongly encgedeato either (1) have a clear biological justification for

defining background regions or (2) conduct sensitivity tests by specifying alternative background

regions.

These analyses can be very themnsuming, depending mostly on the size and resolutiaih@gpatial
data.
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ll.c.iii Range Breaking

E’_J ENMTools P )

ENM measurements Hypothesis testing Resampling Options

Randomly partition the pooled range of two species along a straight line

Files containing occurrences:

| Add files |

Import file list

[ )
| Savefilelist |
| Clearfilelist |

Number of replicates:

[V] Run Maxent

GO!

These rangdreaking tests are used to ask whether geographic boundaries between species or

populations are associated with significant environmental variation (Glor and Wamrprep. Range

breaking tess come in three main flavors: linear, blob, and ribbon. The linear and blob tests are two

versions of a test that permit one to ask whether the geographic regions occupied by two species are

more environmentdy different than expected by chance. Theldn test, meanwhile, is designed to

test whether the ranges of two species are divided by a region that is relatively unsuitable to one or

020K FT2NX¥ao ¢2 RSY2YyAaGNI OGS 6KIFIGQa KILIWSYAYy3d gAlGK
examples:

17



Linea Rangebreaking

° C ° L
Actual Replicate 1

In this example, we have two spesi(red and green) that are separated by a linear boundary, and we
wish to test the hypothesis that this geographic boundary between these species corresponds with a
significantenvironmental boundary, with significance defined as more different than expected by
chance. To test this hypothesis, ENMTools randomizes the location of the boundary itself. ENMTools
does this by pooling the occurrences for the two species, randonfdgtieg a slope for the linear
boundary, and then choosing an intercept such that the new boundary splits the pooled occurrences
into artificial species with the same sample sizes as in our original data set (in this case 18 green and 15
red). ENMTools #im construct ENMs for the two newly generated species and measures overlap
between them. By doing this many times, ENMTools is able to construct a distribution of expected
overlaps across a randomly drawn linear barrier that splits populations into thpleasizes present in

our actual data. By comparing the niche overlap measurement from the empirical data to those
obtained after randomly drawning the barrier we can ask whether the real barrier is partitioning habitat
into more environmentally distinategions than expected by chance.

There are a few things to be cautious about with the linear range breaking analysis. First, randomly
drawing linear barriers like this can become problematic when the pooled set of occurrences is much
longer in one spatiadirection than in others. This is due to the limited number of ways there are to

18



bisect very elongate rangedn the extreme case where all occurrences fall along a single line, there are
at mosttwo ways to split the pooled set of occurrences. Thaarty leads to a lack of independence of
pseudoreplicates. The same sort of problem can occur when sample sizes for the two populations are
highly asymmetric, when this is the case, occurrence points near the center of the set of pooled ranges
will preferentially be assigned to the species with the most occurrences in the original data set, once
again leading to a lack of independence of pseudoreplicates. Finally, having many replicate occurrence
points for either of the two species (i.e., when a largertion of one or both of their occurrences are
repeated records for the same geographic coordinates) can also lead to a lack of independence of
pseudoreplicates, as it restricts the number of ways that the pooled occurrences can be bisected. To
avoid a &ck of independence among pseudoreplicates it is necessary to carefully examine resulting
output and delete duplicate pseudoreplicates (i.e., pseudoreplicates that result in identical partitions).

Blob Rangebreaking

The blob method of range breakingmsmost respects similar to the linear analysis.

o
°
. °® o g .
e ‘e
. . . ® .
fe] - 3
L -
Actual

° 3
®
o . o
o °
) o .\S(a.rt ’ ®
® o o
o ® 6) ® s
fe) s )
. o
Replicate 1

In this example we have two populations that are allopatric, but the barrier between them does not
appear to be linear. Instead of comparing the overlap between them to a disotbaf overlaps
produced by randomly drawn linear barriers, we will compare them to a distribution of overlaps
produced by randomly drawing pseudoreplicate populations with-fichky S NJ NI} y 3 S &
with linear range breaking, the analysisgins by pooling the occurrence records for the two

L2 Lddzt F G A2y &

2F AYGSNBaido
above). From this starting point, we continue adding the nearest occurrence points until weuctas

2 §

(iKSy NI yR2Yf @

Ol ®1 P «

asStsSoi

data set of the same size as the less numerous of our two species. This effectively draws the smallest
possible polygon around our starting point that includes the required number of points. The remainder
of the comparison proceeds in the samemnar as the linear analysis.
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Although the blob method of generating spatial partitions works well in situations where ranges are
elongate and sample sigare asymmetric, having a large number of repeated occurrences can still lead
to reduced independencef pseudoreplicates. Again, we recommend deletion of duplicate
pseudoreplicates prior to statistical inference from blob rageaking analyses.

Ribbon

Actual Partitioned Replicate 1

The ribbon range breaking analysis is used to test the tngsid that two populations occurring in

similar, highly suitable habitats are separated by a band of less suitable habitat of a known width (e.g., a
oFyR 2F RS&aSNI KFoAGIG &ASLINYGAy3a (62 FT2NBadGSR NB
example the red species is primarily in area A and the green species primarily in area B. Area Cis a
NEIAZ2Y HKSNB GKS aLISOASaQ 3AS2ANILIKAO RAAGONAROGdziAZ2Y
for both. In this analysis, we pool the samples inrdgion of overlap, and measure overlap between

the two allopatric flanking regions (A vs. B) and each flanking region and the ribbon of unsuitable habitat
(Avs. Cand B vs. C). Finally, we can measure the overlap between the pooled occurrences of the two
species on the outside of the putative barrier and those on the inside (A+B vs. C).

In order to estimate the distribution of expected overlaps for these four measures, ENMTools first picks
a slope and intercept that divide our pooled set of occurrencessamples of the size of the two

species in our actual data, just as with the linear rabgeaking test. Following that, we expand the

linear barrier outwards until it is the same width as the band of putative unsuitable habitat that we are
studying (ie., if the desert habitat in the above example is 10 km wide, we construct pseudoreplicates
with a 10 km wide ribbon). Because our hypothesis deals with the amount of environmental
heterogeneity expected for a band of habitat of a certain size, we keewitith of the barrier (rather
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