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Video A: Instructor’s Guide to Setup – Species Distribution & Biogeography 

1. List of Materials

1.1. (TEXT: 36, 16 oz plastic party cups: 18 red and 18 blue,
Computer with Microsoft Excel or Google Docs,
Opaque tape that is easily removable,
20 Ping pong balls)

2. Pre-Lab Preparation 

2.1. To set up the colonization matrix for the “islands,” find a table or desk with a cleared space of at least 2 meters in front of it in one direction [1-WIDE].  This will be the area where “colonizer” ping pong balls are thrown into the “island” cups on the desk [2-MED-over the shoulder]. 

2.1.1. Instructor talent sets up a table or desk with a cleared space of at least 2 meters in front of it in one direction. 
2.1.2. Instructor talent measures the space in front of the desk or table to show it is 2 meters. EDITOR: Highlight the desk area and caption “Island”

2.2. Label six red cups from 1 to 6 with a permanent marker [1-MED].  Then, label six blue cups in the same manner [2-CU]. 

2.2.1. Instructor talent labels six red cups from 1 to 6 with a permanent marker.
2.2.2. Blue cups as talent labels them with a permanent marker.

2.3. Place the cups on the table, with their top rims touching, and alternating between red and blue cups [1-MED].  This 12-cup set is the large “island” [2-CU-TXT].

2.3.1. Instructor talent places the cups on the table, with the tops of the cups touching and alternating between red and blue cups.  Continue action in next step.
2.3.2. Cups as talent continues to place the cups on the table with the tops of the cups touching and alternating between red and blue cups. TEXT: Large Island

2.4. Pour 100 milliliters of water into each cup so that they are about a quarter full to stabilize them from being knocked over [1-MED]. 

2.4.1. Instructor talent pours 100 mL of water into each cup.

2.5. With a meter stick or measuring tape, measure 2 meters away from the table out into the cleared area and place a strip of tape on the floor at this spot [1-MED-over the shoulder].  This arrangement will be the far-large island trial [2-CU].

2.5.1. Instructor talent measures 2 meter away from the table out into the cleared area.
2.5.2. Strip of tape as talent places it on the floor.

2.6. Now, prepare a second colonization area with a large island in the same way [1-MED-over-the-shoulder-TXT], but this time measure 1 meter away from the desk and place a strip of tape [2-MED].  This sets up the near-large island trial [3-MED-over the shoulder].

2.6.1. Instructor setting up the second table – if possible have the first one in the background, too TEXT: Alternate setup: one long table can be used for all conditions
2.6.2. Instructor talent measures 1 meter away from a desk that has 12 cups set up in an alternating manner.
2.6.3. Instructor talent places a strip of tape on the floor at 1 meter out.

2.7. Then, set up a third area using only 6 cups of the same color [1-CU], numbered 1 to 6, and placing a piece of tape 1 meter from the table [2-WIDE].  This represents the near-small island trial [3-MED]. 

2.7.1. Talent sets up 6 same-colored cups on third table
2.7.2. Instructor talent measures out 1 meter from a table containing 6 of the same colored cups and places the tape down.

2.8. Finally, set up a fourth area in the same way as the third [1-WIDE], except place the tape 2 meters from the table - this is the far-small island trial [2-MED-over the shoulder]. [3-WIDE].

2.8.1. Talent sets up final small island table, if possible with other 3 setups in the background
2.8.2. Instructor talent places the tape 2 meters from the table for the fourth area with 6 of the same colored cups.
2.8.3. Instructor talent places a small desk 1 meter from the table.

2.9. Now, print Tables 1 through 4 and place them at their appropriate island stations consistent with the name on the table [1-MED-over the shoulder].

2.9.1. Instructor talent places the printed tables onto the appropriate desks.

2.10. Then, mark 2 dice with a red marker and 2 dice with a blue marker [1-CU].  Place 1 unmarked die at both small island stations... [2-MED-over the shoulder], and then set 1 blue and 1 red die at both large island stations [3-MED].

2.10.1. Die as talent marks 2 with a red marker and 2 with blue marker.
2.10.2. Instructor talent places the unmarked die at the small island stations.
2.10.3. Instructor talent places a blue and red die at both large island stations.

2.11. This simulation will move more efficiently if the class is divided into four groups of three [1-WIDE].  Each group should have one data recorder… [2-MED], one colonization simulator who throws the ping pong balls… [3-MED], and an extinction simulator who rolls a die [4-MED]. 

2.11.1. Shot 3.4.3 – Group in action
2.11.2. Shot 3.7.2 – Data recorder records data.
2.11.3. Shot 3.2.2 - “Colonizer simulator” throws the balls
2.11.4. Shot 3.6.2 – “Extinction simulator” closing eyes and reaching for die.

Video B: Student Laboratory Exercise – Species Distribution & Biogeography

3. Running the Simulation 

3.1. In this experiment the alternate hypothesis might be that the larger islands, with more cups, will support a greater number of species than the smaller islands. Further, the closer islands may support more species than the farther islands.  The null hypothesis might be that large, small, close, and far islands support the same equilibrium number of species.  

3.1.1. ANIMATION 

3.2. Additionally, in all trials, we may hypothesize that the colonization rate will be expected to decrease as more species inhabit an island, whereas the extinction rate will increase as more species are found on the island. The null hypothesis might be that the colonization rate and extinction rates are expected to stay the same across all numbers of species on the island. 
3.3. 

3.3.1. ANIMATION 

3.4. The null hypotheses are that large, small, close, and far islands support the same equilibrium number of species.  Under the null hypothesis the colonization rate and extinction rates are expected to stay the same across all numbers of species on the island. 

3.4.1. ANIMATION 

3.5. To form a group, find some classmates and make a team of three [1-WIDE]. Then, decide between you which person will take on the three roles of colonization simulator, extinction simulator, or data collector [2-MED].
3.5.1. Two people talking, one person walks over to join them and chats
3.5.2. Group talking, gesturing like putting up a hand, nodding, etc. to denote taking on roles

3.6. To begin the experiment, first choose one of the four stations as a starting place – here, the students chose the near-large island trial [1-WIDE].  From the line of tape at this location, the “colonization simulator” must throw the ball to the island and try to get the ball into a cup [2-MED].

3.6.1. Group of student talents choose and surround one of the four stations.
3.6.2. “Colonization simulator” throws the ball towards the cup. 

3.7. If the ball lands in an empty cup, it is a successful colonizer and should be left there [1-CU].  The data collector now places a tally on the “Colonizers” box for this round in the recording sheet found at the site [2-MED-over the shoulder].

3.7.1. Cup as the ball lands in the empty cup.
3.7.2. “Data collector” places a tally on the “Colonizers” box for this round in the recording sheet at the site.  

3.8. If the ball misses a cup, retrieve it - this as an unsuccessful colonization attempt [1-CU].  If a ball lands in a cup that already has a ball in it, retrieve it and again do not mark it as a successful colonizer [2-WIDE or MED].  Repeat the procedure until 5 ping pong balls are thrown [1-WIDE].  

3.8.1. Cup as the ball misses it and someone grabs it.
3.8.2. “Colonizer simulator” throws the ping pong ball into a cup that already has a ball in it. If possible, try to film the talent throwing the ball towards the camera and into a cup that already as a ball in it, visible to the camera.  
3.8.3. Group surrounding the cup as talent throws another ping pong ball.  

3.9. Add the number of species at the beginning of the round… [1-LM-TXT] with the tally of colonizers [2-LM].  Record this number in the column entitled “number of species after colonization” in the recording sheet found at the station [3-LM]. 

3.9.1. Table 1 – Video editors, please highlight the column labeled “Number of species at the beginning of round.” TEXT: Zero at the beginning of the 1st round
3.9.2. Table 1 – Video editors, please highlight the column labeled “Colonizers.”
3.9.3. Table 1 – Video editors, please highlight the column labeled “Number of species after colonization.”

3.10. The “extinction simulator” should now roll a die [1-WIDE].  If the trial is occurring at a large island site, choose one of the two colored dice at random with eyes closed [2-MED].  Roll the die [3-CU]. 

3.10.1. “Extinction simulator” approaches the table at the large island site and motions towards the die.  Continue action in next shot.
3.10.2. “Extinction simulator” closes eyes and reaches for one of the dice.
3.10.3. Table as talent rolls the die. 

3.11. Remove the ball if there is one present in the cup that is of the same color as the die, and labeled with the number rolled by that die [1-CU].  Count the removal as an extinction in the station recording table [2-MED].

3.11.1. Cup at the large station having the same number/color as was rolled and with a ball in it as talent removes the ball. We need to see the labels.
3.11.2.  “Data collector” records an extinction on the recording sheet at the station.

3.12. In a trial at a small island station, follow the same procedure except that it is only necessary to match the number rolled by the die to the cup [1-CU].  If there is no ball in the cup, no extinction is recorded [2-MED-over the shoulder].  
 
3.12.1. Cup (at small island station) of the same number with ball in the cup as talent removes the ball.  Make sure the number on the cup is in view.
3.12.2. “Extinction simulator” checks number that was rolled and sees that the corresponding cup has no ball in it.

3.13. Repeat this process for a total of 2 rolls if there are 3 to 8 species on the island, and 3 rolls if there are 9 to 12 species on the island.  This is the end of one round [1-WIDE].

3.13.1. Group as they perform the extinction simulation.

3.14. To complete the round, count the total number of species currently in the cups at the station… [1-MED] and then tally this number into the “Number of species at beginning of round” column on the station recording sheet for the next round [2-CU].

3.14.1. Student talent counts the total number of balls in the cups at the station.
3.14.2. Recording sheet as “Data collector” records the number into the “Number of species at beginning of round” column on the recording sheet for the next round.

3.15. Groups should switch stations after 5 rounds at one table, to control for the throwing ability of the “colonization simulators” [1-WIDE]. Repeat the trials and rotation through the stations until 20 rounds have been recorded in total for all groups combined at all four stations [2-MED-over the shoulder].  

3.15.1. Group moves to the next station and starts a round. 
3.15.2. “Colonizer simulator” throws the ping pong ball towards the cups to start the 2nd round.

3.16. Count the tally marks for the number of species at the beginning of each round, colonizers, total number of species after colonization, and extinctions for each round for each trial [1-LM].  
3.16.1. See storyboard

3.17. Digitize this data in an Excel or Google Docs spreadsheets made available to the entire class [1-MED-over the shoulder]. 

3.17.1. Talent works at the computer to enter the data into a spreadsheet.

3.18. Remove the ping pong balls from the cups and dump the water down the sink [1-MED].  Then, remove the tape from the floor and dispose of it in a trash can [2-MED-over the shoulder].  Be sure to return the desks back to their original places [3-WIDE].

3.18.1. Student talent removes the ping pong ball from a cup and dumps the water down the sink.
3.18.2. Student talent pulls up the tape from the floor.
3.18.3. Student talent returns the desks.

4. Data Analysis

4.1. To calculate the colonization rate for each of the trials, first open the spreadsheet containing the digitized data for the Near-Large Island trial [1-MED-over the shoulder].

4.1.1. Student talent opens the spreadsheet containing the digitized data for the Near-Large Island trial.

4.2. Use the raw data contained in the first table for each species, and count the number of times that the number of species at the beginning of a round was a value between 0 and 12… [1-LM] and then tally this number in the corresponding row [2-LM] of the “Rounds with this many species” column in Table 5 [3-LM].   

4.2.1. Table 1 – Video editors, please highlight the column labeled “Number of species at the beginning of round.”
4.2.2. Table 5 – Video editors, please highlight the column labeled “Number of species at the beginning of round.”
4.2.3. Table 5 – Video editors, please highlight the column labeled “Rounds with this many species.”

4.3. In the “Colonization attempts” column, multiply these counted numbers by 5 to represent the number of ping pong balls thrown [1-LM]. 

4.3.1. Table 5 – Video editors, please highlight the column labeled “Colonization attempts.”

4.4. [bookmark: _GoBack]Using the data contained in the spreadsheet created from the data, take the number of “colonizers” for each “number of species at the beginning of the round” [1-LM]…and then record this number in the “Successful colonization attempts” column of Table 5, in the row corresponding to the number of species at the beginning of the round [LM].

4.4.1. Table 1 – Video editors, please highlight the column labeled “Colonizers.” See storyboard

4.5. Record this number in the “Successful colonization attempts” column of Table 5, in the row corresponding to the number of species at the beginning of the round [2-LM].

4.5.1. Table 5 – Video editors, please highlight the column labeled “Successful colonization attempts.”

4.6. Divide the successful colonization attempts by the total colonization attempts for each initial species number, and record this in the “colonization rate” column of Table 5 [1-SCREEN].  Rows that contain a divide by zero error should be cleared and removed from the table [2-SCREEN].

4.6.1. SCREEN_102-13_IslandBiogeography_4.6.1: Screen capture movie as talent enters the formula into the Colonization Rate column and drags it to row 12.
4.6.2. SCREEN_102-13_IslandBiogeography_4.6.2: Screen capture movie as talent deletes all of the (#DIV/0!) errors.

4.7. Repeat the procedure for determining the colonization rate for the Near-Small, Far-Large, and Far-Small trials, recording in the appropriately named table [1-WIDE].

4.7.1. Student talent works at the computer to analyze the data. 

4.8. To calculate the extinction rate for each of the trials, return to the spreadsheet containing the digitized data for the Near-Large Island trial [1-MED-over the shoulder].

4.8.1. Student talent opens Table 1

4.9. Again using the raw data spreadsheet, count the number of times that the “number of species after colonization” matched the value of numbers 1 through 12… [1-LM] and record this in the “rounds with this many species” column – this time in Table 9 [2-LM].

4.9.1. Table 1 – Video editors, please highlight the column labeled “Number of species after colonization.”
4.9.2. Table 9 – Video editors, please highlight the column labeled “Rounds with this many species.”

4.10. To calculate extinction, multiply the value in the “rounds with this many species” cells by 1 if the “species after colonization” value is between zero and two… [1-LM-TXT], by 2 if the value is between three and eight… [2-LM-TXT] and by 3 if the value is nine or above [3-LM-TXT].  

4.10.1. Table 9 – Video editors, please highlight the 3 cells of the “rounds with this many species” that correspond to rows having values 0-2 in the “species after colonization” column and bring in the TEXT: Multiply by 1
4.10.2. Table 9 – Video editors, please highlight the 6 cells of the “rounds with this many species” that correspond to rows having values 3-8 in the “species after colonization” column and bring in the TEXT: Multiply by 2
4.10.3. Table 9 – Video editors, please highlight the 4 cells of the “rounds with this many species” that correspond to rows having values 9-12 in the “species after colonization” column and bring in the TEXT: Multiply by 3

4.11. Record these values in the “extinction attempts” column [1-LM].

4.11.1. Table 9 – Video editors, please highlight the column labeled “Extinction Attempts.”

4.12. Then using the data contained in the original data spreadsheet, count the number of extinctions that occurred [1-LM] for each value occurring in “number of species after colonization”… [2-LM] and record this in the “extinctions” column of Table 9 [3-LM].

4.12.1. Table 1 – Video editors, please highlight the column labeled “Extinctions.”
4.12.2. Table 1 – Video editors, please highlight the column labeled “Number of species after colonization.”
4.12.3. Table 9 – Video editors, please highlight the column labeled “Extinctions.”

4.13. Divide the number of extinctions by the “extinction attempts” and record this value in the “Extinction rate” column of Table 9 [1-SCREEN].  Rows that contain a divide by zero error should be cleared and removed from the table [2-SCREEN].

4.13.1. SCREEN_102-13_IslandBiogeography_4.13.1: Screen capture movie as talent enters the formula into the “Extinction Rate” column and drags it to row 12.
4.13.2. SCREEN_102-13_IslandBiogeography_4.13.2: Screen capture movie as talent deletes all of the (#DIV/0!) errors.

4.14. Repeat the steps to determine the Extinction rate for the Near-Small, Far-Large, and Far-Small trials, recording calculations in the appropriately named table [1-MED].

4.14.1. Talent works at the computer to perform analysis. 

4.15. To plot the colonization and extinction rates against the number of species on the island, open a new spreadsheet and save it as Near-Large Island [1-MED-over the shoulder].  Label the first column “number of species” and fill in the subsequent rows with the numbers 0 through 12 [2-SCREEN].

4.15.1. Talent opens a new spreadsheet and saves it as “Near-Large Island.”
4.15.2.  SCREEN_102-13_IslandBiogeography_4.15.2: Screen capture movie as talent labels the first column as “number of species” and fills in the subsequent rows with the numbers 0-12.

4.16. Label the second column as “colonization rate”, and fill it in with the values for colonization rate recorded in Table 5, leaving cells with no colonization rate blank [1-SCREEN].

4.16.1. SCREEN_102-13_IslandBiogeography_4.16.1: Screen capture movie as talent labels the second column as “colonization rate” and fills it in with the values for colonization rate recorded in Table 5 leaving cells with no colonization rate blank.

4.17. Now, label the third column “extinction rate” and fill it in with the values for the extinction rate recorded in Table 9, leaving cells with no extinction rates blank [1-SCREEN].

4.17.1. SCREEN_102-13_IslandBiogeography_4.17.1: Screen capture movie as talent labels the third column “extinction rate” and fills it in with the values for extinction rate recorded in Table 9 leaving cells with no extinction rates blank.

4.18. Finally, plot the data in Excel using a scatterplot, with “Number of species on the island” on the x-axis and “colonization rate” and “extinction rate” as y-axes 1 and 2 [1-SCREEN].  

4.18.1. SCREEN_102-13_IslandBiogeography_4.18.1: Screen capture movie as talent plots the data in Excel using a scatterplot, with “Number of species on the island” on the x-axis and “colonization rate” and “extinction rate” as y-axes 1 and 2.

4.19. Fit a linear trendline to both y-axes and find the number of species where the two lines cross.  This is the dynamic equilibrium for the station [1-SCREEN].

4.19.1. SCREEN_102-13_IslandBiogeography_4.19.1: Screen capture movie as talent fits a linear trendline to both y-axes and brings cursor to where the two lines cross.  

4.20. Proceed to plot the colonization and extinction rates for each of the four trials [1-WIDE or MED].

4.20.1. Talent works to plot the data. 

5. Results and Conclusions 

5.1. Compare the colonization rate between the near…  [1-LM] and far “islands” [2-LM].  Which distance had a greater dynamic equilibrium of species?  Why do you think this might be? [3-LM].  

5.1.1. Near-LargeExample.png and Far-LargeExample.png – Video editors, please show both of these figures, with “Near-LargeExample.png” on top and “Far-LargeExample.png” on the bottom.  Highlight the top graph as this is narrated. 
5.1.2. Near-LargeExample.png and Far-LargeExample.png – Video editors, now highlight the bottom graph. 
5.1.3. Near-LargeExample.png and Far-LargeExample.png – Video editors, please bring in a vertical line from where the two plotted lines cross to the x-axis on both graphs.

5.2. Next, compare the extinction rates between the large… [1-LM] and small “islands” [2-LM].  Which size had a greater dynamic equilibrium number of species? [3-LM]

5.2.1. Near-LargeExample.png and Near-SmallExample.png – Video editors, please show both of these figures, with “Near-LargeExample.png” on top and “Near-SmallExample.png” side by side.  Highlight the orange plotted line on the top graph as this is narrated. 
5.2.2. Near-LargeExample.png and Near-SmallExample.png – Video editors, now highlight the orange plotted line on the “Near-SmallExample.png” on the bottom.  
5.2.3. Near-LargeExample.png and Near-SmallExample.png – Video editors, please bring in a vertical line from where the two plotted lines cross to the x-axis on both graphs.

5.3. Observe the slopes of the colonization rates in the plots.  Were the slopes of the colonization rates positive or negative? [1-LM]

5.3.1. Near-LargeExample.png, Near-SmallExample.png, Far-LargeExample.png, and Far-SmallExample.png – Video editors, please show these four figures in a 2 by 2 fashion and highlight the blue plotted lines on all the graphs as narrated.

5.4. Now, look at the slopes of the extinction rates.  Were these slopes positive or negative? Why do you think this might be the case for each rate? [1-LM]

5.4.1. Near-LargeExample.png, Near-SmallExample.png, Far-LargeExample.png, and Far-SmallExample.png – Video editors, please show these four figures in a 2 by 2 fashion and highlight the orange plotted lines on all the graphs as narrated.

