Examining a species-area relationship for island birds using “solver” in Excel
	Objectives
· Macroobjective: To better understand how models are employed in science.

· Microobjectives: (a) to get a better feel for what species-area  curves tell you by plotting one; (b) to learn how c and z are derived from a real data set; and (c) to learn the concept of a “line of best fit.”

· Excel learning: How to fit a curve using Solver

	Grading points: 25-30 points possible

Checklist: If your instructor asks for a hard copy, turn it in on a 6-panel 1-side of 1 page Powerpoint printout (-2 for improper formatting)
· 1. Graph of raw data (curve) +4
· 2. Graph of raw data log-transformed +4
· 3. Graph of curve using “guesstimate” c and z values  +4
· 4. Solver-generated c and z values +4
· 5. Graph of raw data (curve) together with the (nonguesstimate) Solver-solution modeled data (curve) +4
· 6. Multiple choice questions 6i – 6v at end in order  +5
· 7. ANSWER ON A SEPARATE SHEET IF YOUR INSTRUCTOR ASSIGNS THEM +5    Use the (’s to complete your checklist


INTRODUCTION. Ecology is the scientific study of factors that affect the distribution and abundance of organisms.  One branch of ecology is “biogeography,” which, as the name suggests, examines factors affecting the geographic distribution of biota.  For example, there tends to be a higher species diversity of most taxa near the tropics than the poles due to the amount of water and energy near versus far from the poles (see Hawkins et al. (2003) for details).  
Species abundance may be influenced by something as simple as the area of habitat available.  Species-Area relationships examine how the size of an area (= island or nature reserve) relates to the number of species it supports.  This can be an important relationship to understand, because the #1 cause of extinction is habitat loss, and knowing how species become lost as habitat shrinks may help to prioritize conservation efforts.  It seems obvious that large areas should harbor more species, but can we be more specific about the relationship between the size of an area and the number of species it supports?  If there were a 1:1 relationship, then we would lose 50% of species if 50% of habitat disappeared.  That may be an intuitive way to think about a species-area relationship, but is it correct?
No, it isn’t.  (  The relationship is a bit more complex than that, and is described mathematically using a species-area curve with the forumula S = cAz.  In this formula, S = the number of species in a focal taxonomic group; c = a “fitted” constant; A = the area of the island (or available habitat); and z = another “fitted” constant.  Surprisingly, this equation consistently describes species-area relationships for a remarkable number of taxa in a remarkable number of different situations.  Ecologists get excited by that, because there are not a lot of general rules in ecology!  (Sadly, even this one is not entirely general; see under “Further Thought” at the end of the exercise.)  Note the relationship is not simple because it has an exponent (z), which turns the relationship between S and A into a curve (not a straight line).  Thus, the pattern describing how species accumulate with larger areas of available habitat is not entirely straightforward—no pun intended.  (When you plot the untransformed data set in Section B, notice the shape of the curve.)     
(SECTION A) Plotting a log-transformed Species-Area Curve to understand the meaning of z
To start, let’s transform S = CAz into a line, which is more intuitive to understand.  The formula S = cAz can be transformed by taking the log of both sides, after which you get (trust me):  logS = logc + zlogA.  Although this may look more complicated, note that it removes the exponent, which turns the curve into a straight line of the form Y = mX + B, where Y = logS; X = logA; m = z; and B = logc.  In the equation for a straight line, “m” is the slope of the line and “B” is the Y-intercept.   Therefore, in the log-transformed species-area equation, z is the slope and logc is the Y-intercept.
A line can help us to think about the species-area relationship in a more simplified way before going back to the more complex curve, as seen in the figures below.  Since z is the slope of the line, it is basically telling you how fast species (logS) accumulate with each change in area (logA).  
[image: image1.png]Generalized Line
mX +B

Yintercept=B

Species-Area Relationship
logS=zlogA+logc

Y intercept =log ¢





Now that we can visually depict the meaning of z, it would be nice to calculate z for a specific taxon on a specific set of islands and see what its value is.   A steep slope (high z) would mean that, per unit area, species accumulate (or are lost!) faster per unit area than for a shallow slope (low z). Below is a data set from Diamond & Mayr 1976 showing species-area relationships for birds in the Solomon Islands.   Data for all islands > 1 square mile can be found in the Excel file “Solomon Birds.”  (We’ll work just with islands >1 sq mi because taking logs of numbers < 1 is messy.)

Open the “Solomon Birds” Excel file that accompanies this assignment.  Note that you have a column for “S: birds” (= the number of bird species on the island, S) and “A: area” (= the area of the island).  

[image: image2.emf]
( 1. Plot the relationship between species and area on a graph using Excel.  (Use “Insert” – “Scatter”)  Make sure that the x axis shows your independent variable and your y axis shows your dependent variable.  (Note: Don’t forget to add axis titles—it is always a good idea to label your axes.)  Is this a curve or a straight line?
( 2. Why didn’t you get a straight line in your graph?  Because you need to log-transform S and A!  In your Excel sheet, create two new columns, headed “logA” and “logS.” Fill in the top cell of each column (e.g. =log(a1)) and copy down the column.  Then, plot the relationship between the log-transformed values using the same approach you used for the untransformed values above, under #1.  Does your plot look more like a straight line now? 
(SECTION B) Modeling Data With an Equation  
Okay, now that we have learned something about z from the linear, log-transformed equation, let’s go back to the untransformed equation, S=cAz.  To get a value for S, Ernst Mayr and Jared Diamond did the hard work of plodding through the almost impenetrable forests of the Solomon Islands and tallying up the total number of bird species they found.  For A, the island area, they probably looked in an atlas.  Question: Now that we have S and A, which describe “species” and “area,” how do we figure out our values for c and z?  Answer: We need to find the line of best fit.  Finding a line of best fit is a basic thing for a biologist (and biology student) to be able to do and understand.
Recall that S and A are values derived from real-life observations, and we are trying to figure out how they relate to one another.  To do that, we need to find values for c and z that create a curve consistent with our S vs. A plot.  To start, there is a “guesstimate” value of 0.3 for z and 10 for c in column B of the Excel sheet (at the top).  (This guesstimate for z is a good place to start based on data from other island systems.)  Now we will see how well the formula fits the data when these “guesstimate” values for c and z are plugged in.
Fit the S=CAz model to the data as follows:

Instead of using Mayr and Diamond’s observed values for the numbers of species on an island of a given size, use the equation  S (# of species) = cAz  to calculate an expected number of species and see how close it comes to the observed values.  To do that, create another column in your Excel spreadsheet and label it “S, expected” for the expected number of species based on what the equation would predict.   The “S, expected” column will contain an estimated number of species on each island using our model formula S=cAz.  At this point your Excel sheet should look something like this (minus the formula in cell E8, which will be explained next):
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The formula in the cell under “S, expected” looks complicated, but it is merely “Excel-speak” for =cAz.  In other words, it is the formula that gives an expected number of species based on the model.  Let’s break it down to see that more clearly.  In the Excel version of the formula, $B$3 refers to the “permanent address” of cell B3 (column B, row 3), which is your value for c.  (If you had not included the dollar signs, then “B3” would be treated flexibly by Excel and would turn to “B4” in the next row, but “$B$3”—with the dollar signs—is treated as a fixed address and will always be the value in cell B3.  You want the fixed address for this.)  POWER(A8,$B$4) raises the value in cell A8 (your area (A) value) to the power of the number in cell $B$4, which is your z value.  (Because we used A8 in the formula instead of $A$8, the formula is flexible for that value, which means that when you copy the formula and paste it into the next cell down it will use A9 instead of A8, and thus offer a new estimate for an island of a new size, and so on down to row 41.)  So, overall, “=$B$3*POWER(A8,$B$4)” is the same thing as “=cAz.”
Now go ahead and generate an “expected” value for S (the number of species on an island) for each of the island sizes in your data set (i.e. each row).  Remember that you can do that by just dragging the corner of the box down in the cell where you did your first calculation.
Okay, so how did this model do?  Do your expected values (based on using the formula) offer a good approximation to your observed values (taken from real observations)?  To find out, choose all of the numbers in your data set (from cell A8 to cell E41) and create a scatter plot as you did in your earlier graphs.  Your scatter plot will contain two unwanted series of data (the log-transformed columns), so once the scatter plot is made, click on it, go under “chart tools,” choose “design,” then select “select data” and get rid of the 2nd & 3rd data series (retain the first series (observed S) and the fourth series (expected S)).  
( 3.  Turn in your graph, which now should now contain a comparison of expected vs. observed values for the number of species on each island.  (To repeat: For this graph, be sure to use the actual values, NOT the log-transformed values.)  
How well do your data line up?  Does it look like your expected curve (series 4) is a good approximation of your observed curve (series 1)?  OR COULD IT BE BETTER?  That brings us to part (c)…
(SECTION C) Fitting a Curve to the Data.  
At this point you might be asking “Why did we calculate an “expected” value for the number of species on each island when we already knew the observed value for species richness on each island?  There are two reasons for doing so.  First, if we found a relationship that held for a lot of the islands in this archipelago, then we could estimate the number of species on unsurveyed islands in the same archipelago without having to count all of the birds on them.  It may seem like a hassle to do all of this math in Excel, but no doubt it is easier than counting the number of bird species on an entire island.  Second, calculating an accurate z value can help you to estimate how many species you will lose per area lost.  Something like that can be helpful when trying to preserve land for species conservation.  In order to do these two things effectively, however, our curve has to be accurate.  How accurate was our curve in the previous figure?  It sort of produced the right shape, but can we find values for c and z that more accurately fit the data at hand?  If so, then we can also make more accurate predictions for unsurveyed islands and better understand the repercussions for species diversity of losing habitat.
Excel has a program that can help you to fit a curve to your data.  But first Excel must be told what to do.  

The technique used to find a curve that best fits a set of data is called “least sum of squares.”  Least sum of squares is exactly what it says it is: You find the curve that creates the smallest (i.e. “least”) value of a sum of squared values.  What squared values??  Intuitively it should make sense to you that you are trying to minimize the difference between observed values and expected values to find the best fitting curve.  So you are trying to minimize the sum of (observed – expected)2 across all of the values in your data set (i.e. the values in the S column and the “S expected” column).  (You have to square the difference between observed and expected values because squaring it always gives a positive value.  If you didn’t square the difference, then negative differences could cancel out positive differences and lead to the false conclusion that the summed difference between observed and expected is close to zero when it really isn’t.)

Okay, to present the “least sum of squares” concept a slightly different way, examine the two lines in the figure to the left below.  Each line can be described by an equation.  Which equation (the one for the dotted line or the one for the solid line) better fits the actual data (circles)?
It should be fairly obvious that the dotted line fits the data set better than the straight line.  You might have chosen it because it “goes more through the middle” of the data points.  And that is all that a least-squares approach does: It chooses the line that goes most through the middle.  In other words, it is trying to minimize the total length of the red (vertical) lines in the second figure to the right below.
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The red (vertical) lines show the difference between observed values of the Y variable (shown as blue circles) and the expected values of the Y variable (generated by using the equation for the dotted line, Y = mX + B).  (Notice that if you used the same approach for the solid line in the previous figure, the summed length of your red lines would be very large!!)
So, to find the best line, all we have to do is add up (observed values – expected values)2 for all of the rows in our Excel data set and minimize the resulting sum.  Use your Excel spreadsheet to create a sixth column that gives (observed values – expected values)2 for each line in your data set…That should be relatively straightforward, since you already have a column for the actual number of species and a column for the expected number of species derived from the formula.  So go ahead and add another column for (obs-exp)2.  (Note: if you are having trouble doing the formula in Excel, remember that “=POWER(x,y)” is a formula that gives xy.  For “x” in this instance you want (observed – expected), or cells (B8-E8) and your exponent =2 because you are squaring the difference.  Also, when you write out the full formula make sure to get your parentheses right; you’ll need something that looks like this:  =POWER((b8-e8),2).  Alternatively, you can just write =(b8-e8)*(b8-e8), which is the same as squaring it.
We are now half way home to finding the best curve.  We have calculated our “obs-exp squared.” Next we need a “sum of squares.”  So, sum up your squares by using “Formulas > AutoSum” after placing your cursor at the bottom of the column.   You will have one answer at the bottom of the (observed values – expected values)2 column.  THAT is your sum of squares, and it is the number we seek to minimize in order to produce the line of best fit.  
How do we find the SMALLEST (“least”) sum of the “squares”? Trial and error?  You could keep tweaking your c and z values and hope you find the combination that minimizes the sum of squares.  That could take a while!  (It might even take longer than it would to survey an entire island’s bird fauna.)  But don’t worry—Excel is here to help.    You will use something called the “Solver” function.  First, check to see whether you have Solver loaded in Excel on your computer.  Under the “Data” tab look in the “Analysis” box and see if Solver is there.  If not, here’s how to download Solver into Excel.
	NEWER VERSIONS OF EXCEL

1. Click the File tab, click Options, and then click the Add-Ins category.

2. In the Manage dropdown box, click Excel Add-ins, and then click Go. The Add-Ins dialog box appears.

3. In the Add-Ins available box, select the add-in that you want to activate (Solver), and then click OK.

4. After you load the Solver Add-in, the Solver command is available in the Analysis group on the Data tab. 
	OLDER VERSIONS OF EXCEL

1. Click the Microsoft Office Button [image: image6.png]


, and then click Excel Options. 

2. Click Add-Ins, and then in the Manage box, select Excel Add-ins. 

3. Click Go. 

4. In the Add-Ins available box, select the Solver Add-in check box, and then click OK. 

5. After you load the Solver Add-in, the Solver command is available in the Analysis group on the Data tab. 


When you have Solver downloaded, activate it by clicking on it.  You will get a dialog box.

You need to “set” three things in Solver:  1st setting: You need to set a “target cell.”  The target cell is the one that Solver will focus on to try to minimize (=least sum of squares), so if you have been following correctly, the cell to click on for that should be obvious.  2nd setting: Do you want to minimize or maximize the value in your target cell?  You should be able to set that confidently based on the discussion above.  3rd setting: What cell values do you have to change to get the desired result (minimization) in your target cell?  Those are the values that we seek to improve upon by using Solver.  They are the two values in the species-area model that we initially guessed at in SECTION B, but would like to fine tune better.  To select those, just highlight their cells.  After that, leave all the other settings “as-is” and hit the “Solve” button.  

( 4. What new values did Solver generate for c and z?  C = ___  Z = ___.
( 5. Replot your data using the Solver-generated values for the curve and confirm that it looks better than before.  (For this graph, remember to use the actual values, NOT the log-transformed values.) 

NOTE: If you replot your curve it may eliminate or alter your first curve because Excel is tied into both itself and the Word or Powerpoint file you are cutting and pasting into, so to prevent that you may need to first print off your first curve or save it and paste it as a pdf.  Be careful that when you are done the curve you turn in here looks different from the curve you did above!  
( 6.  Multiple choice questions.  Answer with the correct letter, in order (e.g. i.D; ii.D; iii.D; iv.D; v.B).
i. In the equation S=CAz, which are variables gathered while doing fieldwork?

a. S 
b. Z
c. C
d. Z & C
ii. In the equation S=CAz , which are parameters that can be derived using Solver from real-world measurements?

a. S 
b. Z
c. C
d. Z & C

iii. What does Z represent in a graph of logS vs. logA?

a. The y-intercept
b. The slope
c. The x axis
d. The y axis

iv. A  taxon is a group of organisms that fits a given description (e.g. “lizards” or “birds”).  Based on the example you analyzed in this exercise, and in general, ecologists try to find values for c and z using data derived from:

a. All taxa (i.e. all species) on all islands in the world.
b. All taxa on one island (or nature reserve)
c. One taxon on one island (or nature reserve)
d. One taxon on one archipelago (or group of adjacent reserves)
e. All taxa on one archipelago (or group of adjacent reserves)
v. In the Galapagos Islands, z = 0.30.  Based on a comparison of z values, which islands have a higher “rate of return” in terms of adding additional species as island sizes get larger, (a) the Galapagos or (b) the Solomon Islands (this data set)?
( 7. ANSWER QUESTIONS IN THIS SECTION UNLESS INSTRUCTED OTHERWISE: 

You should have a good understanding of the meaning of “z” in species-area relationships.  If you need to review it again, check the first figure on this sheet (top of page 2) and its associated discussion.  Once you have a good understanding of z, please answer these questions:

There is a simple equation that predicts the proportion of species remaining in a proportion of area remaining: 

S′ = A′Z
The equation is from Diamond and May (1976). In this equation, S′ is the proportion of original species remaining (e.g. 0.65 if 65% of species remain) in some reduced proportion, A′, of the original larger area (e.g. 0.75 if 75% of the original area remains).  
Desmet and Cowling (2004)  estimated z values in South Africa’s Succulent Karoo biome.  They estimated a range of z values from 0.099 to 0.237 when looking at 42 different vegetation types.  Let’s say you were trying to conserve 50% (0.50) of plant species across each of these vegetation types, and someone told you that it would be possible to do that by conserving just 10% (0.10) of the land area.   (This is the conventional wisdom that Desmet & Cowling (2004) set out to test.)
vi. Would it be correct to say that 50% of species can be preserved in all habitat types by setting aside 10% of land area? (a) yes (b) no  
vii. Based on these z values, what range in species proportions would you expect to conserve? (Write the range)
viii. Which habitat gives you a better “return” of species conserved for a given area of land protected, a habitat with a high z value or a lower z value?  (a)   high z;     (b)   low z  
Further thought: 
ix. Can you explain your answer to viii?

x.  For what it is worth, ecologists don’t know why the species-area relationship exists in such consistent form.  Why, for instance, shouldn’t some habitats, for some taxa, have a simple linear relationship between S and A (without having to do any log-transformations to get a linear relationship)?  Or why not an S-shaped curve between S and A?  (No answer needed; just think about it.)  
xi. In fact, S = CAz is not always “true.”  To find out more, see Losos J.B. and Parent C.E. “The Speciation-Area Relationship,” pp. 415-438 in Losos and Ricklefs (2009).  This paper shows that, at least for lizards in the genus Anolis on West Indies islands in the Caribbean, species-area relationships tend to hold for “land bridge” islands, which are islands that once were connected to one another or to larger land masses when sea levels were lower.  They do not hold for “oceanic” islands, which are islands that form in-situ from volcanic activity.
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