Quantifying Biodiversity
By Sara Harris, Leigh Gurney, David Cassis, and Brett Gilley, University of British Columbia.

Contact: sharris@eos.ubc.ca

This activity is part of a lab about plankton, in an undergraduate introductory geoscience class for both majors and non-majors.  

No prior instruction is needed.

Goals:

By the end of this activity, students will be able to:

1. Explain the key factors to consider when quantifying biodiversity

2. Compare real samples using both a self-generated biodiversity index and a standard biodiversity index. 

Activity summary:  

In small groups, students “invent math” to quantify the diversity of fake samples composed of various office supplies.  They apply their biodiversity index to a new fake sample that was not considered in the creation of their index.  This activity is preparation for learning about and using a biodiversity index developed and used by experts.  In the second activity, students make observations of two contrasting phytoplankton samples, quantify the diversity of the samples, and compare them.  

Assessment: 

Give students a different, new set of samples and ask them to rank them from high to low diversity.  Below is a validated multiple-choice question that could be used as well.

Which of the following samples (A, B, C, or D) is the most diverse? 
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Quantifying Biodiversity
INSTRUCTOR/TA COPY   
Text in this font (Arial, bold, italic) denotes information NOT in the student version.  

PRE-LAB PREP:
The following material will be supplied (Check to make sure you can locate all the supplies):


· Fake samples using office supplies. 5 sets of 5 samples each.
· Sample 1: n=20; Proportions: 4, 5, 5, 6
· Sample 2: n=20; Proportions: 1, 3, 3, 13
· Sample 3: n=18; Proportions: 1, 1, 1, 1, 14
· Sample 4: n=24; Proportions: 8, 8, 8
· Sample 5: n=12; Proportions: 2, 2, 2, 2, 2, 2
· Magnified images of phytoplankton samples (enough copies for all. Lamination or using sheet protectors will extend the lifetime of these images for reuse)
· Optional: microscopes set up with slides of phytoplankton samples
Goals:  By the end of this activity, students will be able to
· Explain the key factors to consider when quantifying biodiversity

· Compare real samples using both a self-generated biodiversity index and a standard biodiversity index. 

Activity 1: Inventing a Biodiversity Index
Hand out ONLY samples 1-4 at first.  

~30 minutes for small groups (warn them and cut them off after 30 mins)
How can we quantify biodiversity such that we can numerically compare different samples?  Your group has four “samples” that have different combinations of “organisms”.  Your task is to use your observations of these four samples to come up with a way to quantify diversity.

1. Start by deciding how to put the four samples in order from least diverse to most diverse.
All the samples are some combinations of different-colored paper clips, tacks, and other office supplies.  Here are the proportions and n for each sample:  
· Sample 1: n=20; Proportions: 4, 5, 5, 6
· Sample 2: n=20; Proportions: 1, 3, 3, 13
· Sample 3: n=18; Proportions: 1, 1, 1, 1, 14
· Sample 4: n=24; Proportions: 8, 8, 8
Students should answer this one by just looking at the samples and deciding which is most/least diverse.  They should discuss it in small groups.  

	Diversity order
	Sample #
	Diversity 
(see question 3)

	Least diverse
	
	

	2nd least diverse
	
	

	3rd least diverse
	
	

	Most diverse
	
	


2. Next, come up with a method to assign a number to the diversity of each of the samples.  a.  What factors do you need to consider?  
(1) how many different types or “species”, (2) the relative proportions of those “species” (which requires the total number of individuals in the sample)

b.  How are you going to combine those factors to create an “index” – an equation you could apply to ANY sample to figure out its biodiversity?  Invent some math.

DIVERSITY = 
Students may come up with lots of different possibilities here.  The point is NOT for them to come up with any particular equation, but for them to consider the important factors (question 2), and try to come up with an index that somehow takes those factors into account. 
Just FYI, here are the Shannon-Weiner values for the 5 samples:
Sample 1:  1.38
Sample 2:  1.00
Sample 3:  0.84
Sample 4:  1.10
Sample 5:  1.80
3. Now that you have your equation, use it to calculate the diversity of your 4 samples.  Enter the numbers into the table above.  If it doesn’t agree with your original ordering, work out what to change and how (Change the order of samples?  Change your equation?)
  
4. Now, take a look at sample #5.  Before using your equation, where do you think Sample 5 should be placed relative to the first four samples?  Most diverse?  Between “least diverse” and “2nd least diverse”?  Explain your choice.  
Here’s sample 5: n=12; Proportions: 2, 2, 2, 2, 2, 2
Students should come up with the answer that Sample 5 is the most diverse.  It has the most evenly distributed species proportions and ties (with Sample 3) for the most species.    


5. Calculate the diversity of sample 5 using your equation.
Diversity of Sample 5 = __________
Does your calculated diversity agree with your answer in question 4?  If not, would you recommend modifying your equation?  If so, how would you modify it?  
Could involve an explanation, maybe a modification to previous answers.  Key is to look for a clearly worded analysis.


Activity 2: Phytoplankton Biodiversity
Appropriate images are available for this activity.  SAMPLE 1 is the more diverse sample.  SAMPLE 2 is the one that is nearly all Pseudo-nitzschia.  We found that using images circumvents the difficulties of many students using microscopes.  Our purpose here is not to develop microscope skills, but to focus on issues of biodiversity.  Microscopes, particularly for unskilled users, can be an unnecessary distraction (difficulties with focus, difficulties finding an appropriate field of view, etc.)

~30 minutes for this activity
For this activity you will observe magnified images of two phytoplankton samples.  There are also phytoplankton samples set up on microscopes, if you would like to view them through the microscope.  These samples were collected at different times of year.  It’s important to know what kind of phytoplankton are present at different times of year, how much of each, if they are Harmful Algal Blooms, and if they are good for fish and shellfish.  Harmful Algal Blooms typically occur under warmer conditions, when one species rapidly reproduces and comes to dominate the phytoplankton community in an area.  

Look at SAMPLE 1.  Spend a few minutes looking at everything to become familiar with it.  Then select a part of the image (say, one quarter of it) to use for the activity. 
1. How many different organisms can you see in the section you chose?  You don’t need to identify these organisms, just base your “species” in the different shapes you observe.  This number is the species richness, or “S”.  
S = __________ different organisms.  This number gives a very simple indication of the diversity found in a sample, but it does not account for the differences in abundance of each species. 

2. For each of these organisms, in the table below, write a brief description and draw a quick sketch, to identify them clearly for yourself.  Make decisions about how to group the organisms based on the features you observe. Add lines to the table if needed.  
3. Count the number of individuals belonging to each of the species you determined in the section your chose. NOTE: if you see “chains” of phytoplankton, each cell in the chain is an individual. Enter that number into the second column.  

	SAMPLE # 1                       Organism Descriptions
	# in section

	
	

	
	

	
	

	
	

	
	

	
	

	Total # of organisms 
	


As you probably discovered in Activity 1, the species richness, S, is not the whole story of biodiversity.  After lots and lots of effort, biologists have come up with various ways to quantify biodiversity.  One of the most common ones is called the Shannon-Wiener diversity index (H), which takes into account both S, the species richness, and also the relative abundances of organisms in a sample.  Here it is:

Shannon-Wiener diversity index, H= -∑ pi lnpi
Assure students that they were not expected to “invent” the Shannon-Wiener biodiversity index in Activity 1, but were meant to notice the things that are important for such an index.  Experts spent a long time (much more than 30 minutes) coming up with indices like this (and this isn’t the only one out there).   

Looks ugly.  Here are some tips:

pi is the relative abundance of each species, that is, the number you counted of that species divided by the total number of individuals counted.  If, for example, you counted 100 organisms, and 15 of them were bats, the pi value for bats in the sample would be 0.15 (15/100).  All together, all the pi values should add up to 1.  

You may not be familiar with the ∑ notation.  That symbol means “sum of” the terms that follow.  In the Shannon-Wiener diversity index, you have to add one pi lnpi term for EACH species that you counted.  In plainer (but longer) language, here’s the Shannon-Wiener index:
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4. To practice, calculate the Shannon-Wiener diversity index (H) for one of the five samples from Activity 1 (Sample _____).  Write out what you’re doing.  
  


5. Now, given your data in the table above, calculate the Shannon-Wiener diversity index (H) for phytoplankton SAMPLE 1. 



H = _______________ 

6. Another useful measure of diversity is evenness (E).  Evenness is a measure of how “evenly” the different species are represented in a sample.  For example, if you have a sample with 20 dogs and 100 foxes, the sample is not very even (many more foxes than dogs, E=0.64 (see equation below)), but if you have a sample with 20 dogs and 23 foxes, the sample is quite even (E=0.99).  Evenness is calculated based on the Shannon-Wiener diversity index (H) and the species richness (S).

a. Calculate the evenness for SAMPLE 1.  
Evenness = E = H/lnS = ___________ 

7. Enter your values for S, H, and E in the table below.  Now examine SAMPLE 2 

a. Just by looking at the two samples, which sample has higher diversity? _____    
b. Figure out S, H, and E, for SAMPLE 2 and enter those numbers in the table below.  

c. Do all the measures (S, H, and E) agree with your answer in (a)?  If not, which do not?  

d. Based on the information in the first paragraph of this activity, during which seasons do you think these two samples were collected?  

	
	S
	H
	E
	Which season?

	Sample 1
	
	
	
	

	Sample 2
	
	
	
	


HABs, dominated by one species, typically occur in summer, though they can also occur in late spring and early fall, so Sample 2, which is nearly all one species, is from the summer.  Students might guess any other season for Sample 1.  

Instructors need not be experts in phytoplankton identification, since students are asked to draw what they see, not “name” the species.  For your information, however, here is a simple key to the common phytoplankton in these two samples, in case you would like to look them up and learn more.  

Dichotomous key for phytoplankton
Phytoplankton are small, and details can be hard to see.  Be patient and look closely.  Here are some clues that may help as you work your way through the key. Diatom cells are coin shaped. When joined in chains they are normally seen from the side (lateral view), but when they separate or become tangled they are normally flat on the slide (apical view). 
[image: image3.png]Typical diatom cell, view from above (Apical view)

The colored spots are
chloroplasts that are
inside the cell. The
nucleus is normally
transparent
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Cells in chains joined by threads can become tangled or separated. Cells joined by spines form more rigid chains.  
1   Does the organism have small cells in chains? 

YES 
1.1 Are the cells joined by a thread?  [image: image5.png]


 ( Thalassiosira
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1.2 Are the cells joined by their cell walls and shaped like small boats?  
      [image: image6.png]


 ( Pseudo-nitzschia


1.3 Are the cells joined by spines?  [image: image7.png]


 or 




1.3.1 Are the spines very small? ( Skeletonema



1.3.2 Are the spines large, like twist ties? ( Chaetoceros

NO 
The organism looks like a single, large cell.  Go to 2 
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2   Are the cells round?  

YES 
2.1 Is the outer edge of the cell smooth? ( Coscinodiscus 
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2.2 Does the cell have a small hook or irregularity on the outside edge, and does
      the cell look dark brown (from the preservative used)?  ( Alexandrium 
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NO 
2.3 Are the cells long and rectangular with a large spine at each end? 
                  ( Rhizosolenia
[image: image11.png]



2.4 Are the cells shaped like a small boat with no spines?  ( Navicula
This activity could be followed by a phytoplankton identification exercise, zooplankton identification, and/or food web activities.  



























































































































































































































PAGE  
1

_1222882713.unknown

