

    ECOL 406/506L Kevin Bonine, Cathy Hulshof Fall 2007


Computer Lab 9/21/07 : Island Biogeography

The MacArthur-Wilson model of Island Biogeography:

· modeled species richness on an island as a result of two processes: immigration and extinction
· in model, species immigrate to an island randomly from a mainland pool

· rate at which new species arrives determined by:

· distance from the island to the mainland

· # of species remaining in mainland pool that have not established on island

· probability that a given species will disperse from the mainland to the island

· rate of extinction on island determined by:

· area of island

· # of species present on island

· probability that a given species on an island will go extinct

Immigration: the farther island is from mainland the lower the rate of immigration


I = immigration rate


P = total # of species in the mainland pool


S = species richness of the island


D = distance of island from mainland


c = colonization probability (assumed equal for all species)


f = scaling factor for distance

 
[image: image1.wmf]fD

S

P

c

I

)

(

-

=

    (Equation 1)

(previously calculated values are c = 0.10 and f = 0.01)

Extinction: 

E = extinction rate


S = species richness of the island


A = area of the island


q = extinction probability (assumed equal for all species)


m = a power scaling factor for area
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     (Equation 2)


(previously calculated values are q = 0.20 and m = 0.25)

Note: Equilibrium species richness is determined by a balance between immigration and extinction!!

Exponential and Logarithmic Population Growth:

Continuous Exponential Growth Model:


dN/dt = rN

r = the intrinsic rate of increase


to calculate the per-capita rate of population growth (rate of change):

(dN/dt)/N = r

to calculate the size of the population at any time:

Nt = Noert
Continuous Logarithmic Growth Model:


dN/dt = rN((K-N)/K)


r = intrinsic rate of increase


K= carrying capacity


this equation tells the rate of change of population size


to calculate the population size at any time t:



Nt = K/(1+[(K-No)/ No)]e-rt)

1. The MacArthur-Wilson island biogeography model

· Enter the text and values below for the parameters and scaling factors of this model (THIS IS ALREADY PREPARED IN YOUR SPREADSHEET)
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· In cell A14 enter the value 0.

· In cell A15 enter the formula =A14+0.1

· Copy the formula from cell A15 into cells A16-A24 (this series represents the different fractions of the mainland pool present on the island, from 0% to 10% up to 100%.

· In cell B14 enter the formula =A14*$C$6. This formula is based on the fraction of the mainland pool in cell A14 and the total # of species in the mainland pool.  This is the actual # of species on the island. 

· In cell C14 enter the formula =$C$9*($C$6-B14)/($G$6*$C$8).  This formula corresponds to equation 1 on page 1 (rate of immigration). 

· In cell D14 enter the formula =$C$10*B14/$C$7^$G$7. This formula corresponds to equation 2 on page 1 (rate of extinction).

· Select cells B14-D14. Copy.

· Select cells B15-D24. Paste.

· Select cells B14-D24 and make an XY graph.  Edit your graph for readability.

Your graph should show two lines representing immigration and extinction rates against species richness.

Try changing the parameter values in C6-C10, one at a time, and observe how equilibrium species richness changes. 

You should see that smaller or more distant islands have fewer species than larger or closer ones.

2. Examine the effects of an island’s area and its distance from the mainland.

Add the column headings shown below to cells I12-P13 of your spreadsheet. 
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· Copy cells A14-A24 into cells I14-I24

· This series represents different fractions of the mainland pool present on the island, from 0% to 10% up to 100%.

· In cell J14 enter the formula =I14*$C$6. Copy this formula into cells J15-J24.  This is the actual # of species on island. 

· In cell L14 enter the formula =($C$6-$J14)*$C$9/($C$8*$G$6).  This corresponds to equation 1 (rate of immigration).  Copy this formula into cells L14-L24.

· Copy the formula from cell L14 into cell K14, and edit it to multiply distance (cell C8) by 0.5.  This new formula should read =($C$6-$J14)*$C$9/($C$8*0.5*$G$6).  

· Copy the formula from cell K14 into cells K15-K24. 

· Copy the formula from cell K14 into cell M14 and edit it to multiply distance (cell C8) by 2.0.  The new formula should read =($C$6-$J14)*$C$9/($C$8*2.0*$G$6).  

· Copy the new formula from cell M14 into cells M15-M24.

· In cell O14 enter the formula =$J14*$C$10/$C$7^$G$7.  This corresponds to Equation 2 (rate of extinction).

· Copy the formula from cell O14 into cells O15-O24.

· Copy the formula from cell O14 into cell N14 and edit it to multiply the area by 0.1.  The new formula should read =$J14*$C$10/($C$7*0.1)^$G$7.  These are extinction rates for islands 0.1x the area specified in cell C7.

· Copy the formula from cell N14 into cell P14 and edit it to multiply the area by 10.  The new formula should read =$J14*$C$10/($C$7*10)^$G$7.   These are extinction rates for islands 10x the area specified in cell C7.

· Copy the formula from cell P14 into cells P15-P24.

· Select cells J13-M24.  Hold down control key while selecting O13-O24.  Make an XY graph.  Edit graph for readability.  This is your graph of Immigration rates vs. Island distance.  

· Select cells J13-J24.  Hold down control key and select cells L13-L24.  Hold down control key and select cells N13-P24.  Make an XY graph and edit for readability.  This is your graph of Extinction rates vs. Island area.  

· You can make a more complex chart by combining this information onto a single graph and compare species richness and turnover rates on islands of three different sizes and three different distances from the mainland using cells J13-P24. 

3. The time-course of Species Accumulation on Islands

The analysis we did above doesn’t give us information about how species richness changes over time as it approaches equilibrium.  To do so, we must model the time-course of species accumulation using a discreet time model.

· The number of species present on an island at time t +1 will be the number present at time t plus the number of new species that immigrated in the interval from time t to t+1, minus the number of species that went extinct in the interval from t to t+1. 



St+1 = St + It – Et 

· If we substitute the right hand side of Equation 1 for It and the right hand-side of equation 2 for Et, we derive:
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 EMBED Equation.3  [image: image6.wmf]   (Equation 3)

· Add the following headings to cells A26 and A27 through D27.
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· In cell A28, enter the value 0. In cell A29 enter the formula =A28+1.  Copy the formula from cell A29 into cells A30-A78.   This is a linear time series.  

· Enter the value 0 (an uninhabited island!) in B28.  Copy the formula from cell C14 into cell C28.  (Equation 1).  This is the number of species immigrating to the island from time 0 to time 1. 

· Copy the formula from cell D14 into cell D28.  (Equation 2).  This is the number of species going extinct on the island from time 0 to time 1. 

· In cell B29 enter the formula =B28+C28-D28 (Equation 3).  This is the number of species present on the island at time 1. 

· Copy your formulas into cells B30-D78.

· Select cells A27-D78 and make an XY graph.   After you have made your graph, double click on any data point in the species richness curve.  In the “Format Data Series” dialog box, click on the axis tab, and choose “secondary axis”.  Plot species richness on the secondary axis.  

· To label the secondary axis, open Chart/Chart Options/Titles.

Your graph should show species richness, immigration rate, and extinction rate against time (three separate curves!).  

4.  Equilibrium Solutions
By finding equilibrium solutions algebraically, we can develop species-area curves.   These have been used to test the model and to guide conservation decisions. 

· Species richness should reach an equilibrium when the two processes of immigration and extinction are balanced. 

· If I = E, we can derive the equation for Seq by substituting from Equations 1 and 2:
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· This equation can be used to see how equilibrium species richness relates to island area, to colonization and extinction probabilities, and to the richness of the mainland species pool.  

· This will show how the model predicts species-area curves for islands at different distances from a mainland. 

· Enter a spreadsheet formula for equilibrium species richness into cell G11.   It should look like: =C7^G7*C9*C6/(G6*C8*C10+C7^G7*C9) (Equation 4). 

· In cell G12 enter the formula for immigration: =C9*(C6-G11)/(G6*C8)
· In cell G13 enter the formula for extinction: =C10*G11/C7^G7.

· Enter the following headings into cells R11-X13:
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· You want to represent a wide range of island areas by setting up a series 10, 50, 100, 500, 1000, … , 500,000, 1,000,000 in cells R14-R24.  In cell R16 enter the formula =R14*10.   Copy this formula into cells R17-R24.  

· In column T calculate the equilibrium species richness of islands at the distance specified in cell C8 with the areas given in column R.   To do so, enter in T14 the formula =$R14^$G$7*$C$9*$C$6/($G$6*$C$8*$C$10+$R14^$G$7*$C$9).  
· In column S calculate the equilibrium species richness of islands at 0.1 times the distance specified in cell C8, with the areas given in column R.   This formula should read: =$R14^$G$7*$C$9*$C$6/($G$6*0.1*$C$8*$C$10+$R14^$G$7*$C$9).  
· In column U calculate the equilibrium species richness of islands at 10 times the distance specified in cell C8, with the areas given in column R.   This formula should read: =$R14^$G$7*$C$9*$C$6/($G$6*10*$C$8*$C$10+$R14^$G$7*$C$9).  
· Select cells R13 through U24 and create an XY graph.  Edit for readability.  The three species-area curves will rise quickly, and then abruptly level out. 

· Your graph represents equilibrium species richness against island area for islands at near, medium, and far distances from the mainland.  

4. Discussion Questions:

What happens when you take your island area vs. equilibrium species richness axes to a logarithmic scale?  Why is this useful in looking at such data?

Is the equilibrium of species richness stable or unstable?

Is the equilibrium of species richness static or dynamic?

How do area and distance from the mainland interact to determine species richness and turnover rates on an island?

What did your graph of species accumulation tell us about the changing state of species equilibrium?

How do species accumulate on an island over time? (linearly, exponentially, logarithmically… )

How do the species-area curves differ for islands at different distances from the mainland?

Why is this model relevant to Conservation Biology?  

How can this type of analysis help in managing biodiversity?  

What types of conservation issues does it address?  

Think of examples where this analysis would be useful for a conservation biologist. 
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