Mapping the Distribution of Rare Plants in Orange County

Background
Orange County hosts a multitude of amazing rare plant species, right in your own backyard! In fact, Orange County itself is central to a biodiversity hotspot for coastal sage scrub and chaparral ecosystems. Because plant biodiversity is linked to animal and habitat biodiversity, it’s important to track plant species distribution and occurrence data through time to determine just how much the habitat ranges of these important ecosystems are shifting (due mostly to human impacts). Understanding how rare plant communities may respond in the future to climate and other impacts is essential to understanding the overall health of the ecosystem. Here, you will describe the habitat range of a rare plant of your own choosing. You will do a little bit of background research on your plant species and then you will addres the current and future habitat range of that species!

Goal
Determine the entire habitat range for a rare plant of orange county, and describe the importance of Orange County to the habitat range of that species. Determine the total area occupied by that rare plant species along the coast of California and describe the regions that are likely (current) hotspots for the plant and likely (future) refuges based on shifting climate patterns.

Methods / Skills Overview
Students will be able to:
· Write queries to select for 1 species within the database, and display points on the map. 
· Use a spatial join to determine the number of points that occur in a given geographic location. Create Kernel Density Maps for your chosen species by converting point data to raster data, clip the KDM to the west coast of the US, and calculate area for the new raster.
· Project how climate change will impact the range of your particular species

Data Needed: All data can be found in the RarePlants_SERC folder
-Merged occurrence data (shapefile) of several species of rare plants of Orange County (RarePlant_Occurrence_SERC)
-Shapefile of the western US and Mexico (WUSA_Mex.shp)
-Shaded relief map (USGSShadedRelief.lyr)
-CA Counties shapefile (CA_Counties)

Procedures:  (please note: RED text means there is a question to be answered. Please include screen captures when asked).

Important Terminology: 
TOC = Table of Contents, appears on the LEFT HAND SIDE of the map view window. Manipulates the map based off of a file, without changing the file itself.
Catalog Tree = Stores and organizes the files themselves. Appears on the RIGHT HAND SIDE of the map window. Changes to the Catalog Tree are permanent, and should be avoided. Set the Catalog window to collapse when not in use, so that you don’t accidentally delete files without meaning to.

Useful tip: while it’s always best to use your USB drive and save your work as you go, some of the geoprocessing skills you will be using here can take up quite a bit of computing power and therefore will take a long time to run. Store files directly to the computers hard drive to complete these tasks. Also remember your file naming conventions for ArcGIS: be absolutely sure there are NO spaces in your file names, do not start the file name with a number, and keep them short (less than 13 characters)! Ignore this advice at your own peril..ArcGIS can be very picky! 


Part I: Choosing a Rare Species to Map
1. Download the rare plant occurrence file from canvas, save it to the hard drive of your computer (or your USB drive, depending on your preference) and connect to this folder in ArcGIS.
a. On your hard drive (or your USB drive), create a folder named RarePlants. Notice that the name is short, with no spaces, and does not include quotations or other characters. 
b. Download the zipped RarePlants_SERC file from canvas and add this data to your new folder on your hard drive
c. Launch ArcMap, and if the “getting started” window appears, click cancel. You should have a new, blank map in front of you.
d. Browse to your hard drive from the Catalog Tree (right hand side of the screen). If it does not appear in the Catalog Tree, right click on the Folder Connection folder and select Connect to Folder. Expand the Computer icon, and select your drive. Click OK, and your hard drive will appear in the Catalog Tree. 
2. Load the necessary data onto the map.
a. Open the <RarePlants_SERC> folder in the Catalogue, and click and drag the <USGSShadedRelief.lyr> file into the map window (click and drag to the blank space).You should now be able to see a shaded relief image of CA and western North America.
b. Add the rare plant occurrence data <RarePlant_Occurrence_SERC.shp> file to the map, by clicking and dragging it from the Catalog Tree onto the map. If a transformations warning appears, click “close” to ignore the warning (a transformation warning occurs when the datums don’t match, but for the purposes of this assignment the errors that will accrue will not change the scope of the data). Note that the order in which you add layers to the map is important: the most recently added layer will always appear on top of the previous layer. If you can’t see the rare plants appear as a points layer when you add it, make sure it’s the top layer in the Table of Contents. 
i. The ArcMap window has two portions, the map window on the right and the Table of Contents (TOC) on the left. You’ll now see <RarePlant_Occurrence_SERC.shp> and <USGSShadedRelief.lyr> layers in the TOC. You should now be able to see the shaded relief map and the occurrence data for all of the rare plant species of orange county in the data frame. This is too many species to view all at once, so the data can be a little overwhelming. You will select only one species to map. 
3. View the species occurrence data and select by attribute.
a. In the TOC, right click on the <RarePlant_Occurrence_SERC.shp> layer in the TOC and choose Open Attribute Table from the context menu that appears. A table will open, rather like an excel file, showing the attributes of each record in the dataset. Each record in this data table corresponds to one rare plant point on the map (i.e. an occurrence). You may scroll down the table to see the number of records and the species names that they are attributed to. The total number of records in this case is the total number of rare species counts (all species). What is the total number of records? ___________________________________
b. How many species are present in this shapefile?_________________________

4. Determine the name of the species that you would like to map. Understanding why your mapping something and why you should care is just as important as making the maps! Do some background research on the species you have chosen, and write a summary of key characteristics of the species in the space below. These characteristics can include suitable habitat, current range, conservation efforts made to preserve the species, etc. Include a picture of your species, and be sure to cite your sources. Attach your findings to be turned in with this assignment. 

Part II: Creating Species Distribution Maps using Occurrence Data
5. Extract the points for your individual target species from the <RarePlant_Occurrence_SERC.shp> shapefile.
a. ArcMap allows you to select records based on common attributes, and display only your selection in the data frame (i.e. the map view). To select all of the occurrence points by species name, click the Select by Attributes button on the Table toolbar to open the Select By Attributes window. 
b. In the Select by Attributes window, the top panel contains names of fields from the feature class attribute table. Double click field “Scientific” (i.e. the scientific name of your species) in the upper panel, and “Scientific” will automatically appear in the lower panel. Click the “=” sign in the upper panel, and it will appear in the panel below. Finally, click the “Get Unique Values” button and double click on the species name you have chosen. Note that you now have a query entered into the box below. Click apply. All of the occurrence points with the species name you have chosen should be highlighted in blue, both in the table and on the map. Click “close” to close out the Select by Attributes window.
c. The selected features (i.e. your rare plant of choice) are now highlighted in blue in the table and on the map. Examine the bottom of the table to see how many records were selected. How many occurrences are there in total in this dataset of your rare plant species? ________________________
d. To create a map that only has your selected species, you will work with your new selection only. Close out of the Attribute Table by clicking on the “x” in the upper right hand corner of the table, and notice that your selected layer is still highlighted. 
e. Right click on RarePlant_Occurrence_SERC in the Table of Contents (left hand side of the screen). Scroll to Selection -> Create Layer From Selected Features. A new layer (RarePlant_Occurrence_SERC selection) will appear in the TOC that only contains your selected features. To confirm, uncheck the original RarePlant_Occurrence_SERC layer in the TOC, and only the selected occurrence points will remain (now called RarePlant_Occurrence_SERC selection). 
f.  Remove the RarePlant_Occurrence_SERC layer from your map entirely. Right click on the layer in the TOC -> Remove. Note that this has only removed the layer from the map, but the file will still be on your hard drive, accessible through the Catalog at the right.  
g. Your RarePlant_Occurrence_SERC selection layer is not a permanent shapefile, which we would like it to be. Right click on the layer again and choose “Export Data”. Choose to use the same coordinate system as the data frame. Where it says “output feature class”, choose the appropriate folder to save the new file in, preferably your RarePlant file that you created earlier. Click on the folder icon and a new “saving data” window will appear. Find your RarePlant folder in the dropdown menu, and under “name”, rename your file to “RarePlant_SpeciesName” (insert the name of your species). Remember, no spaces in your file name! Click “save” and then “ok”. You have now created a new shapefile with your selection! Remove the RarePlant_Occurrence_SERC selection layer by right clicking -> Remove.
h. You may zoom into a layer and pan the map to view your points more closely by pressing the zoom tool in the Tools toolbar. Run your mouse over the toolbar without clicking any tools and the name of the tool will be highlighted. 
6. From the Catalog Tree at right, add the WUSA_Mex.shp shapefile by clicking and dragging it over to the map window. Your points may disappear because the latest file to be added is always the topmost layer. Click and drag the layer in the TOC (left hand side of the screen) until it appears below the occurrence data in the Table of Contents. 
7. You can also change the symbol of a shapefile layer so it doesn’t interfere with your map. Make the symbol hollow with an easily visible outline. To do this:
a. Right-click the layer WUSA_Mex.shp in the TOC and choose Properties.
b. Under the Symbology tab, click on the current Symbol button to open the Symbol Selector. 
c. A Symbol Selector box will appear. Click “hollow”, and set the outline width to 0.50. Make the outline color black. These changes will allow you to see the outline of the western US and Mexico, and how your species fits within this range (and the underlying topography). When you are done, you can close out the properties.
8. Now you will see how your species falls within just Orange County, CA. Click on the Catalog Tree, and load the CA counties <CA_Counties.shp> map by clicking and dragging it into the map view. You now have a counties map of California loaded, and you will need to select for just Orange County. 
9. Right click on the CA_Counties layer -> Open Attribute Table. Click “Select by Attributes” again and the Select by Attributes query builder will once again open. Double click “NAME” in the top box, and it will appear in the query box below. Click “=” and then “Get Unique Values”. Select “Orange”. Your query should read “NAME” = ‘Orange’. Click apply, and Orange County will be highlighted. Close out of the query builder and the attribute table.
10. To make a layer of just orange county, you can retrace the steps you used to create a new shapefile for your species selection. You can also use the following shortcut: right click on CA_Counties -> Data -> Export Data. The export box that appears should automatically choose to export “Selected features”. Be sure to use the source of the data frame, and save the file (i.e. Output feature class) to your RarePlants folder. Name the file “County_Orange”. Click Save, and then Ok.  
11. Make the symbol hollow with thick, 1pt black outlines (see Step 7 above).
12. You can also change the symbology for your point data, if you desire.
a. Right-click the your occurrence data layer in the TOC and choose Properties.
b. Click on the current Symbol button to open the Symbol Selector. 
c. You may choose any symbol that makes cartographic sense, but it may be best to leave the symbol as a point, but to increase the size and change the color, if desired. When you are done, you can close out the properties. Take a screen capture of your occurrence map and include it here.
13. Looking at the occurrence points of the species you have chosen, use the map you have created to qualitatively describe the preferred range of the species. Where is it clustered? Does it prefer a certain type of topography? Distance from the coast? How centrally located is the species to Orange County? Include the following quantitative answers in your write-up as well: What is the total number of occurrences of your species (i.e. how “rare” is it?). 


Part III: Create a Kernel Density Map
1. Before doing anything else, turn off background geoprocessing. To do this, go to Main Menu -> Geoprocessing  -> Options. Be sure that you uncheck the Enable Background Geoprocessing box.
2. Point data is useful, but it’s sometimes hard to visualize, particularly when points are really stacked up on one another. To get a sense of the actual distribution of your species, you should create a map that shows you density of your species in a given area on your map (we commonly refer to this type of map as a heat map, or a kernel density map). 
a. Search for the tool in the ArcToolbox called Kernel Density. Click on the Search icon in the toolbar and when it appears, type “Kernel Density” into the search bar. 
b. Click on the Kernel Density (Spatial Analyst) tool. Create a Kernel Density map for your species using your RarePlant_Species shapefile:
i. Under “input point or polyline features” click the folder icon and select your RarePlant_Speces file.
ii. The remaining fields will automatically populate, but you should never trust the default settings. Change the “Output Raster” to save in the correct RarePlant folder location, with the name Rare_Kernel (no spaces!!)
iii. Set the output cell size to 100. This means that each pixel on the map will be equal to 100 units on the ground, in this case meters. Stop and think: what does this mean for the accuracy of the raster image you will create? 
c. Click ‘Environments’, and set “processing extent” to match the WUSA_Mex shapefile (it should be available in the pull-down menu under processing extent. Click OK. This will ensure that your output map will cover only the region that we are interested in. 
d. When you have set the correct parameters, run the tool. This step may take time. It will automatically load to the TOC when completed.

3. The new map won’t make much sense yet, because you need to set the appropriate parameters for the new file. First, clip your new Kernel Density map to the Western USA mexico shapefile layer. This will make it so that your rare plant kernel density map doesn’t record density distributions beyond the range that we’re interested in (including in the Pacific ocean!). 
a. In the search box, type in “clip”. Click the tool called “Clip (Data Management)”. 
b. For the input raster, select your Rare_Kernel file. Under the output extent drop-down, select WUSA_Mex. 
c. The rest of the fields will automatically populate. For the output raster dataset, choose the correct file location, and name the file “RareKDM_Clip”. Click “OK” to run the tool. Again, this may take some time.

4. When the new map loads, it still might be a bit hard to read, so lets change a few symbology properties of the raster to make it easier to visualize. 
a. Right click on the clipped raster you just made, and click Properties-->symbology. Click “classified” on the lefthand side of the box, and click “yes” if it asks you if you want to compute a histogram (this may also take some time). 
b. When the histogram is completed, change the number of classes to 20 classes. Click “Classify” and then “exclusion”. Type in “0” to exclude all 0 values.  (This new reclassification will make it so the data is stretched over fewer classes, and any points on the map that have a zero value will no longer be included in the classification). Click Ok. 
c. Change the color ramp to something other than black and white. Be sure your color choice makes cartographic sense. Click Ok. Cool! Now you should be able to see all of the appropriate layers on your map, with the KDM easily visualized. 

5. Make sure all of the layers are visible (you may have to click and drag the Orange County layer up above the new kernal density layer, such that you can see the outline of OC over the KDM. Take a screen capture of your new map and include it here.

6. Kernel density is an interpolation tool, meaning the map uses complex calculations to create densities where no point data currently exists for that dataset. Why might you want to proceed with caution when using a Kernel Density map, particularly for a rare plant species, where occurrences and habitat ranges may be limited? What assumptions are you making with such a map?



Part IV: Describing the preferred habitat of your species


1. Using the maps you have created to guide your reasoning, now think further about the purpose of this exercise and what you learned about your species. Think: How critical is Orange County to the habitat of the species? Why? What do you guess about the type of climate preferred by your species? Does it prefer coastal or central habitat ranges?

2. Think about how climate may change in the future. Do you think the central habitat for your species will shift to the north or south due to climate change? Explain your reasoning. 

3. In light of your answer to the question above, will Orange County be more or less important to the critical habitat of this species in the future? Explain your reasoning.

4. What recommendations to conservationists or land managers might you have regarding your rare endemic plant species, keeping in mind the current and likely future range of your species?








