"GIS in the Classroom"

Mr. Mark Musselman

Audubon at the Francis Beidler Forest
Overview:  Geographic Information Systems (GIS) allows a user to take vast quantities of data and present the data spatially so that relationships between the data can be easily seen.  “Accelerating globalization means that we can no longer be complacent about increasing the amount of spatial thinking in the educational curriculum at all levels. We're also starting to realize that global issues, such as biodiversity loss, urban sprawl, energy needs, water quality and availability, natural hazards, and human health, are becoming increasingly complex and beginning to affect our everyday lives. Moreover, they all have a spatial component. To grapple with these issues for the 21st century requires a populace that's adept at using GIS and other geotechnologies.” (Kerski)

“GIS can be used to understand patterns, linkages, relationships, movement, regions, location, and place, from human systems to physical systems to human-environment interaction. GIS can be used for studying issues at the local level to the regional, national, or global scale.” (Kerski)
Connection to the Curriculum: 
B-1.1
Generate hypotheses based on credible, accurate and relevant sources of scientific information. 
B-6.2
Explain how populations are affected by limiting factors (including density-dependent, density-independent, abiotic, and biotic factors). 
WG-2.6 Evaluate ecosystems in terms of their biodiversity and productivity (e.g., how both characteristics vary across space and in their value to all living things).
Suggested Grade Range: 9-12

Time: 45 minutes

Materials Needed: 

1. Internet access

2. Zipped shape files

3. “GIS_mapping” PowerPoint

4. iPod Touch with Beidler Forest app

5. Student data sheet

Objectives:

1. Students will be able to create a map using Geographic Information Systems (GIS) technology.

2. Using GIS technology, students will be able to interpret data to determine the habitat preferences of the Brown Water Snake and predict where else in the swamp the species should be located.

3. After analyzing Prothonotary Warbler breeding territory data, students will be able to predict the relative territory size for any location within the swamp.

Procedures:

1. Introduction and short presentation regarding the old-growth swamp at the Francis Beidler Forest, including GIS examples and the use of the iPod Touches. 10 minutes or less
2. Lead class through the following steps as they load the first file:  5 minutes
a. Go to ArcGIS mapping software at http://www.arcgis.com/home/.
b. Click on “map.”
c. Select a background. Satellite image will best show the habitat, but the students can discover that after trying the street map or other options.
d. Click on the “add content to map” icon and select “add layer from file.”

e. Browse to and select the “boardwalk_shape” zip file loaded to the computer’s desktop in the “GIS” folder and “import layer” to the map.  Select the “keep original features” option.
i. Put the cursor over the file name in the left menu and an arrow will appear to the right.  Click on the arrow for options, like changing the symbol (shape, color, size [not less than 25 for point data]).  This needs to be done to differentiate between content layers.

ii. Any added content or layer can be turned on and off by checking the box to the left of the file name, which makes it easier to see relationships between discrete layers.

iii. Layers are stacked on the background from top to bottom in the same order in which they appear in the “contents” menu.

iv. Clicking on any content icon on the map reveals a popup window with point-specific data.  If a content layer, especially a polygon that is shown as an outline without fill, is located above and covering data in a lower layer, the higher layer will need to be turned off in order to query data on the lower layer.
f. There is a plethora of sites from which you can obtain GIS files.  For example, USC’s http://www.cas.sc.edu/gis/dataindex.html.  Some of these files have more than 1000 data points and will be too large for the ArcGIS Online site, but will work fine with regular GIS software.  These can be explored in a later lesson.
3. Pass out student data sheet and the iPod Touches, which will be used as a species resource.  Have the students begin creating their own maps. 25 minutes
4. Conclusion – discuss the following from the student data sheet: #5, #6, #13, and #19. 5 minutes
Suggested Evaluation: 

1. Collect and check student data sheets.

Extending the Lesson: 

1. Create GIS maps related to future studies.

Resources:

1. GIS map created for this lesson - http://bit.ly/ycL36U 

2. ArcGIS Online for making maps - http://www.arcgis.com/home/
3. Francis Beidler Forest boardwalk-specific app (free) for iPhone or iPod Touch - http://itunes.apple.com/us/app/beidler-forest/id360958025?mt=8 
4. Francis Beidler Forest species lists and images - http://sc.audubon.org/Centers_FBF_Educators_Species.html 

5. “Geospatial Revolution” video series. Penn State Public Broadcasting. - http://geospatialrevolution.psu.edu/
6. South Carolina Department of Natural Resources GIS Data Clearinghouse - https://www.dnr.sc.gov/pls/gisdata/download_data.login
7. South Carolina Geographic Information Systems portal to state government resources - http://www.gis.sc.gov/data.html
8. University of South Carolina GIS Data Server & Clearinghouse - http://www.cas.sc.edu/gis/dataindex.html
9. Kerski, Joseph J., Ph.D. Developing Spatial Thinking Skills in Education and Society. ESRI. 2008. http://www.esri.com/news/arcwatch/0108/spatial-thinking.html
Student Data Sheet

Save Frequently!
1. Review the list of data files shown at the end.

2. Looking at the “imagery with labels” basemap, is the wettest portion of the swamp located in light green or dark green areas? Why?

3. How would you describe the swamp at the locations for the majority of the American Alligator (Alligator mississippiensis) sightings?

4. Why do you think the alligators are only in these locations?

5. Based on what you have learned about alligators in the swamp, where within 500 meters of the boardwalk and excluding areas where they are already shown to exist, do you think alligators may soon be sighted?  Why? 

6. Based on what you see at Beidler Forest, where might you look for alligators at the Congaree National Park? 

7. Where are most of the Eastern Cottonmouth sightings located? 

8. What portion of the swamp appears to be frequented by the Eastern Cottonmouth? 

9. What is the general diet of the Eastern Cottonmouth? 

10. How do the layers for the Banded Water Snake, Red-bellied Water Snake, Eastern Cottonmouth, and Greenish Rat Snake compare? 

11. Where are most of the Brown Water Snake sightings located? 

12. What is the general diet of the Brown Water Snake? 

13. Of the animal species layers, which one matches best with the Brown Water Snake? 

14. What type of habitat appears to be frequented by the Brown Water Snake?  How can you tell? 

15. The following Prothonotary Warbler layers can be added (set transparency to 50%) [460a, a023, a024, a025, a027, a028, a035, a037, a045, a046, a047, a053, a055, a056, a057, a062] or to save time, navigate to http://bit.ly/ycL36U, which has all of the territories preloaded.

16. Where is the densest concentration of Prothonotary Warblers? 

17. What type of habitat appears to be preferred by Prothonotary Warblers along the Beidler Forest boardwalk? 

18. Although no data is shown, would you expect to find more Prothonotary Warblers away from the boardwalk generally to the east or generally to the west? 

19. Why do you think the territories to the west are larger? 

20. The Greenish Rat Snake is a major predator.  How do sightings of Greenish Rat Snakes relate to Prothonotary Warbler nest sites and territories? 

	File name (*.zip)
	Description

	
	

	Geography
	

	airports
	Airports in SC

	basins
	Watershed basins in SC

	cntys
	Outlines showing boundaries of SC counties

	cntyseat
	County seats

	scout
	Outline showing boundary of SC

	
	

	Conservation areas
	

	boardwalk_shape
	FBF boardwalk

	Canoe trail
	FBF canoe trail

	log_rd
	Roads created for logging in swamp

	fbf2011
	Boundary lines for Beidler Forest

	congareeNP
	Congaree National Park

	
	

	FBF species
	

	alligator
	Sightings for alligators

	banded_ws
	Sightings for banded water snakes

	beaver1
	Line showing location of beaver dam

	beaver2
	Line showing location of beaver dam

	beaver3
	Line showing location of beaver dam

	bowfin
	Sightings for bowin fish

	brown_ws
	Sightings for brown water snakes

	cotton
	Sightings for for cottonmouth snakes

	green_rat
	Sightings for greenish rat snakes

	Proj_PROTHO (folder)
	Contains zip files showing numerous banded Prothonotary Warbler territories

	redbel_ws
	Sightings for red-bellied water snakes

	spot_turtle
	Sightings for spotted turtles

	
	


Student Data Sheet

Save Frequently!
1. Review the list of data files shown at the end.

2. Looking at the “imagery with labels” basemap, is the wettest portion of the swamp located in light green or dark green areas? Why?  Light green areas.  The tendril-like light green areas are the water channels, while the dark green island-like areas are the slightly higher areas between the channels.  At various times of the year, mainly spring, the swamp is covered in water from edge to edge.  However, the slightly higher portions of the swamp are dry most of the year and therefore can support vegetation that cannot survive in the areas that are almost always wet.  The different species of trees reflect light differently and therefore show as different shades of green.  Therefore, one can deduce the relative wetness of a site in the swamp based on the color of the vegetation in the image at that location.  Students will need to use this knowledge to answer later questions.
3. How would you describe the swamp at the locations of the majority of the American Alligator (Alligator mississippiensis) sightings?  Concentrated in holes, which offer deep water and sunlight not available across the swamp.  Several “outliers” farthest south are along logging roads (log_rd zip file) created by scooping soil from the swamp to build dike-like roads, which left ditches holding water even in drier times or artificial holes.  Additionally, dens can be excavated into the elevated road bed.
4. Why do you think the alligators are only in these locations?  Those areas have deep water for escape and prey and sunlight due to the lack of trees.  This information can be found in the species section of the FBF app.
5. Based on what you have learned about alligators in the swamp, where within 500 meters of the boardwalk and excluding areas where they are already shown to exist, do you think alligators may soon be sighted?  Why?  North of the boardwalk in the power line corridor.  There is already ample sunlight in the power line corridor due to the power company’s no-tree policy.  The beaver dam impounds sufficient water to attract prey species and provide escape options for an alligator.
6. Based on what you see at Beidler Forest, where might you look for alligators at the Congaree National Park?  Weston Lake, Wise Lake, or Old Dead River because they are holes providing deep water and access to sunlight.
7. Where are most of the Eastern Cottonmouth sightings located?  Around the boardwalk.
8. What portion of the swamp appears to be frequented by the Eastern Cottonmouth?  Edge of the swamp toward the middle.
9. What is the general diet of the Eastern Cottonmouth?  Fish, frogs, snakes, birds, & rodents.
10. How do the layers for the Banded Water Snake, Red-bellied Water Snake, Eastern Cottonmouth, and Greenish Rat Snake compare?  They line up quite similarly as their dietary preferences overlap aquatic and terrestrial habitats.
11. Where are most of the Brown Water Snake sightings located?  Around the eastern half of the boardwalk and along the canoe trail.  More toward the middle of the swamp.
12. What is the general diet of the Brown Water Snake?  Fish, which can be found in the species section of the FBF app.
13. Of the animal species layers, which one matches best with the Brown Water Snake?  Bowfin, which is a main component of the snake’s diet and why Brown Water Snakes frequent the portion of the swamp that has consistently deeper water for the fish.
14. What type of habitat appears to be frequented by the Brown Water Snake?  How can you tell?  Areas where there is more consistent water.  The lighter green color of the vegetation (see #2).
15. The following Prothonotary Warbler layers can be added (set transparency to 50%) [460a, a023, a024, a025, a027, a028, a035, a037, a045, a046, a047, a053, a055, a056, a057, a062] or to save time, navigate to http://bit.ly/ycL36U, which has all of the territories preloaded.

16. Where is the densest concentration of Prothonotary Warblers?  The east end of the boardwalk.
17. What type of habitat appears to be preferred by Prothonotary Warblers along the Beidler Forest boardwalk?  They prefer wetter areas. Those areas have small territories and are densely grouped. Recall that light green areas in the image coincide with wetter areas (see #2).  Water around the nest site may discourage some predators, like raccoons.  Additionally, insect (dragonflies, mayflies, and damselflies) prey will emerge from the water.
18. Although no data is shown, would you expect to find more Prothonotary Warblers away from the boardwalk generally to the east or generally to the west?  Generally to the east as this is wetter (lighter green vegetation, see #2) habitat than the area to the west.
19. Why do you think the territories to the west are larger?  Some territories are quite large while others are small and crowded on top of each other.  Students may feel that the large territories are better habitat, but the opposite is true.  The large territories encompass mainly drier areas, which are less desirable as the birds like to nest over water and eventually insects (dragonflies, mayflies, and damselflies) will emerge from the water.  With little competition for the poor territory, a single bird can claim a larger stake.
20. The Greenish Rat Snake is a major predator.  How do sightings of Greenish Rat Snakes relate to Prothonotary Warbler nest sites and territories?  They overlap.  The Greenish Rat Snake is comfortable in wet or dry habitats and can easily climb to the top of the highest cypress tree (110’+), so there is no portion of the swamp that is not part of the snake’s range.
