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Beetles, Mammals, and Plants: How has the range of those taxa shifted since the last glacial maximum?

[bookmark: h.rumxoz4y6nav]Description:
In this exercise, students will learn how organisms responded to the change in climate since the last glacial maximum (LGM) in North America.  Using the Neotoma database and ArcGIS Online, students will create taxon modern distribution maps for the species of beetles, mammals, and plants found at the Conklin Quarry fossil site in eastern Iowa.  By comparing the modern species ranges of these taxa, students will interpret what the environment may have been like in eastern Iowa during the LGM.
This lesson provides a basic introduction to geographic information systems (GIS). Students will qualitatively analyze the geographic range shifts of a number of different taxa as an introduction to spatial analysis.  Though most of the species’ found at Conklin Quarry have ranges that are far to the north of Iowa since the LGM, students should realize that there are a myriad of factors that control species distributions and that climate is not the only factor controlling the modern range.  This lesson should give some indication of the complexity in trying to reconstruct past climate from the fauna found at Quaternary fossil localities.


Learning Objectives:
In this exercise, students will learn how organisms responded to the changing climate since the last glacial maximum. They will learn to recognize and analyze spatial patterns in data as they build a layered digital map. Finally, students will utilize critical thinking as they investigate and compare distribution ranges of species and develop a hypothesis to explain why the ecoregions in Iowa have changed over the last 20,000 years.

Students will be able to:
· Search and download data from the Neotoma database
· Create a map using ArcGIS Online
· Interpret taxon range shifts using GIS
· Infer the complexity of using various taxa to reconstruct Quaternary environments



Name ____________________________________________________________________________

Before you begin, be sure you have downloaded the following CSV files. 

BeetleCollectionLocalities.csv,  Conklin_Quarry_Site.csv,   Dryas.csv

1. Launch the Neotoma Paleoecology Database and explore the Conklin Quarry Fossil site.

a. Navigate to http://apps.neotomadb.org/explorer/
[image: NeotomaDBAddressBar]

b. Search for the Conklin Quarry fossil site by clicking on ADVANCED in the Search window.  Select METADATA and type CONKLIN QUARRY in the SITE NAME field and click Search
[image: NeotomaDBConklinSearch]













c. On the map, click on the RED DOT that represents the site. This opens the Site ID 490 windows.  What is the latitude and longitude of the site in decimal degrees?  Be careful with your positives and negatives. If you don’t know why, visit google earth and type in the coordinates with the symbols switched and see what happens.

		Latitude: _________________________    Longitude: __________________________












d. Zoom in. What is the city closest to the quarry? ________________________________

e. [image: ]Hovering your cursor over the various datasets from the Conklin Quarry reveals that 	fossils of insects, mammals and plants occur at the site.  In the SITE ID box, click on the  	CONKLINQRY_Section D file next to the insect icon         to open the list of insects that 	occur as fossils at the Conklin Quarry site. 
[image: ]

















	Click on the CHRONOLOGY tab to find out when these organisms were living at the 	site and report the range of ages in calibrated radiocarbon years before present 	(present = 1950). 
 	 		        _______________________________________________________

f. Click on the glacial boundaries tool (the white “ice blob” in the toolbar)
[image: NeotomaDBWhiteBlob]


g. In the ICE and LAKES window, select 20,500 yrs. BP in the TIME drop down and click the PAUSE button to “lock the ice sheet in time”.

h. Describe the relationship of the ice margin to the Conklin Quarry site. 

______________________________________________________________________

i. Estimate the shortest distance from the Conklin Quarry site to the margin of the ice sheet by dragging your screen to the scale bar in the lower left corner of the map. Report the distance in km.

______________________________________________________________________


All of the species of insects, mammals and plants that occur as fossils at the Conklin Quarry 
site are still living today but they live in locations far from Iowa. Using the modern distributions of the organisms and ArcGIS Online, we will assess the paleoclimate of Iowa at the last glacial maximum. 

2. Create an ArcGIS Online account
a. Go to ArcGIS.com and create a user account
b. Click SIGN UP NOW
c. Choose CREATE A PUBLIC ACCOUNT
d. Log into your account.
[image: C:\Users\Tyler\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CreatingArcgisAccount.png]























3. To create a base map, click MAP. You are now in MAP VIEWER. Click on BASEMAP. 
Select IMAGERY.

4. Next, you will add a GIS layer file containing modern range information for five beetle 
species that are illustrated below. 










a. In the toolbar, select ADD LAYER FROM FILE and click CHOOSE FILE.
[image: C:\Users\Tyler\AppData\Local\Microsoft\Windows\INetCache\Content.Word\ArcgisImportLayerFromFile1.png]





b. Navigate to the folder containing the CSV files.
c. Select the file BeetleCollectionLocalities.csv and click Open.
d. Wait a moment for the file to upload. Click IMPORT LAYER. 
e. ArcGIS Online automatically assigns symbols to each of the species. 
Under SELECT A DRAWING STYLE click on OPTIONS. Leave the shape and colors of these symbols as they appear by default, but click on the symbol next to each species name to change the size to 20.
[image: ]










5. Add the Conklin Quarry fossil site location to your map as a layer by 
following step 4 above, substituting Conklin_Quarry.csv for BeetleCollectionLocalities.csv and change the symbol shape, color, and size to STAR, RED, 30.

6. During the last glacial maximum, these beetles lived together in eastern Iowa. How are the geographic ranges of these organisms different than they were at the LGM?

______________________________________________________________________

______________________________________________________________________


7. Do the geographic ranges of all five of the beetle species overlap today? Explain.

____________________________________________________________________________________________________________________________________________
[image: ]














8. To understand the ecosystems that were in eastern Iowa at the last glacial maximum, 
relate the modern ranges of the beetles to the ecosystems with which they are currently associated. 

a. Add terrestrial ecoregions to your map. In the toolbar on the left, click on the drop-down arrow next to ADD; select SEARCH FOR LAYERS
b. Type TERRESTRIAL ECOREGIONS
c. Click on the ADD field next to Terrestrial Ecoregions by EsriCanadaEducation 
d. In the CONTENT list, below the Terrestrial Ecosystems layer, click the CHANGE STYLE icon. 
e. Under SELECT A DRAWING STYLE, click on OPTIONS.
f. Change the TRANSPARENCY to 50%.  

9. What modern ecological region is the Conklin Quarry located in? 

_______________________________________________________
10. Which ecological regions do the beetles inhabit today?

_______________________________________________________
11. Based on the beetles found at the Conklin Quarry site, how have the ecoregions in Iowa changed since the last glacial maximum? 

____________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________

12. Develop a hypothesis to explain why the ecoregions in Iowa have changed since the last glacial maximum. 
______________________________________________________________________
______________________________________________________________________
____________________________________________________________________________________________________________________________________________
______________________________________________________________________

In addition to insect fossils at the Conklin Quarry site, there are also plant and mammal fossils. Let’s plot the modern distribution of plants and mammals to test your hypothesis. 

Leaves and pollen from a member of the rose family, Dryas integrifolia (pictured below) were found with the insect fossils.
[image: ]














13. Add the file Dryas.csv to your map as a layer by following step 4 above, substituting 
Dryas.csv for BeetleCollectionLocalities.csv and change the symbol shape, color, and size to SQUARE, GREEN, 20. 

[image: ]


















14.        Does the co-occurrence of Dryas integrifolia with the beetles support your description of 
the changing ecoregions? Explain.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


15.  	Make a screen shot of your map and email it to your instructor or 
save and share your map with the group specified by your instructor.















Genus and species: The binomial naming system is the globally recognized scientific naming process for organisms. It consists of giving two names to an organism, genus and species. These are the two lowest (or most specific) levels in taxonomy. Our binomial name is Homo sapiens. We are the only surviving species of the genus Homo. In paleoecology, identification to the species level is usually more useful than identification to genus level, but it is not always possible to identify fossil organisms all the way to species level. Note that we have put the binomial names in italics as is the convention used in biology. You may also notice that the prefix cf. is used in front of some species names. Cf. comes from the latin “confer” meaning “to compare.” The significance is that it indicates similarity, but not a 100% positive identification of the organism.



16.  	Go back to the Neotoma Explorer to investigate the modern 
distribution of mammals found at Conklin Quarry. 

a. Click on the dot that represents the location of Conklin Quarry on the map in Neotoma Explorer. This will bring up a list of collections (specimens found there).  
[image: ]
b. Click on the CONKLINF_Locality with this         vertebrate icon. These are the vertebrate fossils identified from the quarry.  Myodes, Phenacomys and Microtus are voles (small rodents) and Dicrostonyx is a lemming.  For more information, you can search for these taxa at http://naturalhistory.si.edu/mna/main.cfm

c. Just a few isolated teeth of these rodents were found. In general, it is extraordinarily difficult to identify species from isolated teeth, but genera are more reliably identified.  Therefore, we can be more confident in the identification of the genera of these rodents than the species.

d. Click on the red polygon in the toolbar.  We can use this tool to visualize the current ranges of mammals.  Search for the species identified from Conklin Quarry.  Close any boxes that block your view of the data.

17.        Which species of rodents has a range most similar to the beetles and Dryas?  

______________________________________________________________________

______________________________________________________________________

18. Compare the distribution of Microtus miurus and Dryas intrgrifolia. What is one 
		possible explanation for the relationship between their geographic distributions?

______________________________________________________________________

______________________________________________________________________



19. Look at the range of several other species of Microtus.  How well do the ranges 
match up with the species of Microtus that were identified at the quarry?

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


20. Now compare the ranges of Microtus to the ranges of Dicrostonyx torquatus and Dicrostonyx hudsonius. If we only consider the fossils identified to genus, how well do the fossil mammal data support your hypothesis?  If you were trying to reconstruct the past environment at the quarry based on the modern range of Microtus, would you reach the same conclusions as if you used Dicrostonyx? Explain.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


21. Presently, humans are concerned that the burning of fossil fuels is causing climate change in the form of global warming. From what you learned about the effects of climate change on insects, plants, and mammals, what conclusions can you make about the response of most organisms to climate change in terms of their survival?

		______________________________________________________________________

		______________________________________________________________________

		______________________________________________________________________

		______________________________________________________________________

[bookmark: _GoBack]		______________________________________________________________________
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