Supplementary Materials
Integrating statistical genetic and geospatial methods brings new power to phylogeography

GIS methods

For questions regarding GIS please contact Jason L. Brown (jasonleebrown@gmail.com).

Example 1 – Population connectivity

	Required software:

-Spreadsheet software (i.e. Microsoft Excel or Apple Numbers)

-ArcMap 9 with Spatial Analyst (www.esri.com)

	Input data:

-A spreadsheet of GPS data of individuals included in haplotype network saved as ‘.CSV’
-A continuous species distribution model (i.e. a model from MaxEnt)

-A haplotype network of all focal individuals


In ArcMap 9 

1. Import GPS data as Shapefile (Tools ( Add XY data; select CSV formatted GPS data)

2. Based on the resolution of the haplotype network, determine if using shared haplotypes, sister haplotypes or both. This relationship helps determine the desired temporal resolution of dispersal networks. For example, if the data are rapidly evolving and the focus of the study is only recent dispersals, then only shared haplotypes should be used for constructing the dispersal networks. For our study we used both shared haplotypes and sister haplotypes to construct our dispersal networks.   

3. Import Species Distribution Model (SDM) in ArcGIS.  Many models are output in .asc format, if so, they need to be converted to a grid format (Go to ( ArcToolbox ( Conversion Tools ( To Raster ( Click  ‘ASCII to Raster’ (be sure output data type is ‘FLOAT’).   

4. Convert SDM to Friction Layer.  Open ‘Spatial Analyst’ menu (if not visible, turn on by going to View( Toolbars ( Spatial Analyst). Select ‘Raster Calculator’ and subtract one from the imported SDM (i.e.  = 1 – [SDM]). Output should be a raster file named ‘Calculation’, rename this as the ‘friction layer’, if analyzing more than one species be sure to put relevant taxonomic information. Then right click the generated friction layer and select ‘Make Permanent’. Note: the friction layer should be an inverse of the original SDM.

5. Begin calculating haplotype relationships based on the network. To do this select, in our case, sister and shared haplotypes from the haplotype network. Begin at one terminal of the network and continue through the network until all relevant pairwise comparisons have been performed. The pairwise comparisons constitute the following steps:


a. Create cost distance rasters for all localities 

i. Open attribute table of locality data (Highlight layer and Right click, select  ‘Open Attribute Table’)

ii. Select first row so that it is highlighted in teal (Click the left most box of the row).  Minimize table; find the point on the map highlighted in teal. 

iii. Generating a cost distance raster.  Open the ArcToolbox (Goto ( ArcToolbox ( Spatial Analyst Tools ( Distance ( Open “Cost Distance”)

iv. Input locality file (the file containing the highlighted point). For the ‘Cost Raster’ use the Friction Layer generated from the SDM.  Be sure to give the output file a name that corresponds to the locality.  It is not necessary to input any layers for ‘Maximum Distance’ or ‘Output Backlink Raster’.

v. Repeat for all the points that are part of the network. 

b. Create Pairwise Dispersal Networks

i. Open the ‘Corridor’ tool from the ArcToolbox (Goto ( ArcToolbox ( Spatial Analyst Tools ( Distance ( Open ‘Corridor’)

ii. Systematically begin working through the haplotype network.  Start with one terminal and determine two localities that share haplotypes (or that are sister haplotypes, depending on the network criterion).      

Alternatively it may be easier to create a list of all pairwise relationships based on haplotype network and work down the list.

iii. Input the corresponding Cost Distance rasters (created in step a.) for both points (the order doesn’t matter, whether point 1 or point 2 is entered first). Output a name that reflects the relationship (i.e. 1vs2_Corridor)

iv. Repeat for all relationships in network.

c. Classify each pairwise corridor into least-cost-path categories 

i. In ArcGIS, open one of the output corridor files (i.e. 1vs2_Corridor)

ii. Open a spreadsheet (in a program such as Excel). It is best to create a worksheet to facilitate each calculation.   

iii. Input the lowest observed value into the worksheet. Then calculate 1% of the lowest value and added that to the lowest value (see below).   Do the same for 2% and 5%. These values will be used as cutoff values for reclassifying each corridor file. 
iv. Note: the percentage classes selected are open to the researcher.
	Lowest Value
	1% of LCPs
	2% of LCPs
	5% of LCPs

	1.00
	1.01
	1.02
	1.05


v. Click ‘Spatial Analysis’ from the menu.  Select ‘Reclassify’
vi. Be sure the raster layer that is being reclassified is selected. 

vii. Click the ‘Classify’ button.

viii. Under the ‘Classification’ box, change the number of classes to four.

ix. In the ‘Break Values’ box to the right input the three values calculated in the created worksheet (do not input the lowest value) and leave the maximum value as is. Click ‘OK’
x. Change new values (from top to bottom): 5, 2,1, 0, NoData. Click ‘OK’.
xi. Note: this step weighs the classes by placing a value of one on the highest % class and larger values on lower % classes based on a standardized difference in percentage as follows: reclassified weight = (101- nc)-(100-nl), where nc = integer of each % class of LCP (i.e. 1 or 5) and nh = highest % class (e.g., above it is 5). Repeat for each corridor calculation.

d. Create the dispersal network for the focal species

i. Open “Spatial Analyst” from the menu ( select “Raster Calculator”

1. Add all raster files resulting from Step 3c together. 

*Alternative 1. Sister haplotypes can be divided by the number steps between them plus one (this is because shared haplotypes have zero steps and therefore should have weight of one). This will weigh each network by its relatedness and is particularly useful in estimating on the recent dispersal patterns.      

*Alternative 2. If the study has more than one gene haplotype network they can be added together to visualize concordant the patterns of the focal species. If done it is very important to standardize the maximum values for each dispersal network from Step 5di. To do this, open ‘Raster Calculator’ and divide the network by its maximum value. Save as the standardized network. Repeat for all distribution networks. Then sum all together. 

Example 2 – The influence of biogeographic barriers

	Required software:

-Spreadsheet software (i.e. Microsoft Excel or Apple Numbers)

-Phylomapper (http://www.evotutor.org/PhyloMapper/)

-ArcMap 9 with Spatial Analyst (www.esri.com)

	Input data:

-GPS data for individuals included in phylogenetic tree saved in Nexus format

-Continuous species distribution models (i.e. SDMs from MaxEnt) for current and several historic time periods relevant to divergence time of the focal species.   

-A rooted phylogenetic tree with branch lengths saved as Nexus format 


Calculating areas of high climatic stability 

Calculate species distribution models for several time periods for the focal species. Import these models into ArcMap 9 (see Example 1 Step 3 for details). Open ‘Spatial Analyst’ from the menu ( select ‘Raster Calculator’ and sum all the species distribution models.  Higher values represent areas with high predicted values in most (or all) time periods modeled. Note: The resulting layer can also be reclassified as described in 4a 

* Alternatively, the SDMs can be converted to binary models and then summed.
Ancestral Distribution Map

In Phylomapper

1. Calculate the ancestral distributions for each node of the supplied tree.  Also calculate the relative age of the node (if the age cannot be calibrated using relevant dates use the program default).   
2. Copy the output coordinates and corresponding age to a spreadsheet with rows corresponding to each node. Save file as CSV and import into ArcGIS (see GIS Example 1step 1).   
In ArcMap

3. Open the ‘Spatial Analyst’ menu and click on ‘Interpolate to raster’ select ‘spline’.  

Input points: select the imported CSV file.  

Z value field: select the ‘age’ field (corresponding the estimated node age). 

Spline type: Tension

Weight: default value

Number of points: default value

Output cell size: default value


Then click ‘OK’   

Output should be a continuous map with the highest values being centered on the oldest node(s) in the tree.  

4. Know that this step and all the following steps are completely aesthetic and only alter the appearance of this layer. The actual ancestral data correspond to the ages and locations from Phylomapper. 

a. We prefer to reclassify the layer so that only the higher values (i.e. the top ½) are visible. This is done most easily by right clicking the layer and selecting ‘Properties’. Select the ‘Symbology’ tab.  Then to the left, select ‘Classified’ in the ‘Show box’. Then change the number of classes to 12 (this number is completely arbitrary- other data may be better visualized with more or less classes). Then select an appropriate color map, preferable something of high contrast between the high and low values. We prefer the red to blue ramp, however if used, it needs to be inverted. To do so, after selected, right click main box and select ‘flip colors’. After click ‘OK’.  Then go to the corresponding layer in the main map window. We find it is easiest to visualize these data when the lower values are no longer visible. To do this, right click the box that corresponds to the lowest value and select ‘no color’. Repeat until half boxes of lower valued boxes have ‘no color’.   

b. If the focal species is strictly terrestrial and occurs in an area surrounded by a large ocean or body of water, it may be beneficiary to add several points that depict the boundaries of the coast. To do this Open ‘Editor’ menu (if not visible, turn on by going to View( Toolbars ( Editor). Select ‘Start Editing’ and select the layer with the imported ancestral distribution points (it is highly advisable to save a backup of this layer). Now select the point tool (it looks like a pencil) and begin to add points just off of the coast until the coastal boundaries are outlined using ca. 30-50 points. These values will have an age of zero and essentially will be reflected in the ancestral distribution as areas never occupied. If not include, the output surface will interpolate values beyond the coast.

