Biodiversity Lab
One of the best ways to determine the health of an ecosystem is to measure the variety (rather than just the absolute number) of organisms living in it.  An objective evaluation of an ecosystem’s biodiversity can provide valuable insight into its status, particularly if the species assemblages have changed as a result of disturbance.

Diversity can be quantified using diversity indices (DI).  Diversity indices are mathematical measures of species diversity in a community.  Diversity indices attempt to quantify the degree of diversity and identify indicators of environmental stress or degradation.  Diversity indices provide more information about community composition than simply species richness (i.e., the number of species present); they also take the relative abundances of different species into account.  Most indices of diversity are easy to use and they are widely used in ecological work, particularly for monitoring ecosystem change or pollution.  Two particular types are the Simpson’s Index and the Shannon-Weiner Index.  
Simpson’s Diversity Index

Simpson’s Diversity Index ranges between 1 (low diversity) and infinity (high diversity).  The higher the value, the greater the variety of living organisms.  It can be calculated using the formula below.
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Where:
DI
=
 Simpson’s Diversity Index

N
=
Total number of individuals (of all species) in the sample

n
=
Number of individuals of each species in the sample

Example of Simpson’s Diversity Index in a stream

	Species
	Number of Individuals, ni

	A. Common Backswimmer
	12

	B. Stonefly Larva
	7

	C. Silver Water beetle
	2

	D. Caddis Fly Larva
	6

	E. Water Spider
	5

	Total
	N = Σni = 32
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Shannon-Weiner Diversity Index

Historically, one of the most commonly used measures of species diversity is the Shannon-Weiner (S-W) Diversity Index.  The number of species in a biological community is termed Species Richness (S).  For example a tropical rain forest has more species richness than a hardwood forests.  Species diversity, on the other hand takes into account the relative abundance of a species and not just its occurrence.  If a community is composed of s few species, or if few species are abundant, the Species Diversity will be low.  For example, in a community of 100 individuals distributed among 10 species, the maximum possible diversity would occur if there were 10 individuals of the 10 species.  High species diversity indicates the presence of a complex ecological community.  The community would exhibit a complex food web along with a great variety of ecological niches.  The minimum diversity would occur if there were 91 individuals of one species and 1 each of the other nine species.  

	H
	Shannon Weiner diversity index

	S
	total number of species in the community (richness)

	pi
	proportion of S made up of the ith species

	EH
	equitability (evenness)


Variables: The term pi is the decimal ratio of individuals of a species to the total number of individuals overall.  The S-W Index (H) is used to measure habitat quality which may be degraded by human activities.   High diversity means that there is a high degree of uncertainty in predicting the next organism you will see in the ecosystem.  A low S-W Index means a high degree of certainty in predicting the next organism, meaning there are few chances of crossing paths with anything else.  The typical S-W Index (H) ranges from 0.0 to approximately 4 for a community with 100 species.  A value of 0.0 means the numbers of individuals are the same species.  A value of 4 means the numbers of individuals are evenly distributed among the community of 100 species.  The values in the middle are not terrifically descriptive and must be interpreted with care.

Methods: The Shannon diversity index (H) is an index that is commonly used to characterize species diversity in a community.  S-W index accounts for both abundance and evenness of the species present. The proportion of species i relative to the total number of species (pi) is calculated, and then multiplied by the natural logarithm of this proportion (lnpi). The resulting product is summed across species, and multiplied by -1: 
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S-W equitability (EH) can be calculated by dividing H by Hmax (here Hmax = lnS). Equitability assumes a value between 0 and 1 with 1 being complete evenness. 

[image: image5.wmf]S

H

H

H

E

H

ln

max

=

=


Warning, no single index offers “the best” measure of diversity: they are chosen on their suitability to different situations.  It can be difficult to evaluate objectively without reference to other ecosystems.

	Species

Species Richness (S) = 5
	Number of Individuals, 

ni
	pi = (ni/N)
	ln pi
	pi x ln pi

	A. Common Backswimmer
	12
	0.375
	-0.981
	-0.368

	B. Stonefly Larva
	7
	0.219
	-1.519
	-0.333

	C. Silver Water beetle
	2
	0.063
	-2.765
	-0.174

	D. Caddis Fly Larva
	6
	0.188
	-1.671
	-0.314

	E. Water Spider
	5
	0.156
	-1.858
	-0.290

	Total
	N = Σni = 32
	1.00
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 = 1.479


Hmax = ln(S) = ln(5) = 1.61

EH = H/Hmax = 1.479/1.61 = 0.919
Bait Card Setting Procedure:

Using a pencil put your group name, date and location on the lined side of the 4 index cards given to you.  Also label the type of bait used (i.e. honey, jelly, tuna, etc.) 
Scoop a small amount of tuna onto the cards labeled “tuna” (be sure to get the oil on the card also).  You should have a sample about the size of a quarter.  Use the cotton swab to transfer a dollop of corn syrup onto the cards labeled “sugar”.  This sample should be about the size of a nickel.  Place the four bait cards (two sugar and two tuna) 3 to 5 feet apart from each other in your location.  If wind is a problem, place a small stone or stick on the card to weigh it down.  Return to the site after at least 20 minutes (longer if time allows).  

Bait Card Collection Procedure:

Once 20 minutes has elapsed return to the bait cards to observe any activity that has occurred.  Collect the bait cards and observe the number of different morphotypes present on each card.  Compare your morphotypes with those found in the same location so you and another group in the same location don’t count the same morphotype twice.  

Individual Group Data

	Description of Morphotype
	ID of Species?
	Number of that species represented

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Species found by all groups sampling at your location.  

Location Data

	Description of Morphotype
	ID of Species?
	Number of that species represented

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


What was your location? 
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Refer to your location data and calculate your location’s Simpson’s Diversity Index.

Procedure/Data Collection:
The community we will examine will be the front parking lot and our species will be the cars parked in the lot.  You will divide into groups of 3 or 4 and each group will survey one row of cars parked in the lot.  Each group will select a different row.  Members of the group will go down the row and will record the make and model of the cars.  This will correspond to the genus and species name of an organism.  For example, a Honda Accord will be genus Honda and species Accord.  A Honda Odyssey will be a separate species (Odyssey rather than Accord) but will be part of the same genus.  Fill out the following data tables with your group. 
Vehicle Biodiversity Using Simpson’s & Shannon-Weiner Diversity Indices
	Make (Genus)
	Model (Species)
	# of cars
	pi (ni/N)
	ln pi
	 - ∑(pi x ln pi)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	 
	 
	 
	 
	 
	 

	
	
	
	 
	 
	 


Index Summary Table Results for Car Biodiversity

	
	Your Row of Cars
	Another Row of Cars from another group

(don’t calculate, write down for comparison)

	DI= 
	
	

	Total N = Σni
	
	

	H =
	
	

	Hmax
	
	

	E =
	
	


Now fill out and calculate the following data table based on your information and compare to Barack Hussein Obama (DOB 8/4/1961) and Willard Mitt Romney (DOB 3/12/1947) information that was calculated for you. 
	Species
	# of Organism
	pi
	lnpi
	pilnpi

	Birth Month (1-12)
	
	 
	 
	 

	Birth Day (1-31)
	
	 
	 
	 

	Birth Year 

(last two digits)
	
	 
	 
	 

	Number of Letters in First Name
	
	 
	 
	 

	Number of Letters in Middle Name
	
	 
	 
	 

	Number of Letters in Last Name
	
	 
	 
	 

	Grade
	
	
	
	


Summary Table Results for Personal Number Community

	
	Your Numbers
	Barack Obama
	Mitt Romney

	DI= 
	
	2.658
	3.255

	Total N = Σni(
	
	103
	91

	H =
	
	1.381
	1.502

	Hmax
	
	1.946
	1.946

	E =
	
	0.709
	0.772


Questions:

1- Is there a difference in the Index’s from one community or row to another?  Describe what is different between the habitats?  

2- These cars represent a community of different species. To take the analogy a little further, we know that some car species are great on gas mileage such as small lightweight cars and hybrids. Some car species are great for hauling many people such as vans and wagons. Some car species would be helpful in times of a flood or icy roads due to their four wheel drive capability with large frames and tires. 

a. Analyze your two communities (rows) and tell which row would survive a gas price increase, yours or the other row you analyzed?
b. Which community would best survive a really harsh winter and poor road conditions?

c. Which community would be best for transporting large groups such as a migration?

d. Is there a way that you could actually quantifiably measure your answers to a, b and c?
3- Who had the greatest biodiversity when you analyzed your personal number community compared to the candidates? You, Barack or Mitt? The candidates’ data was calculated for you and it was assumed they completed 12th grade. Can you think of another student’s name and birth day and grade that would have the greatest biodiversity? How about the lowest biodiversity? This could be a real person or imagined but the idea here is to think and not actually calculate. What would be those persons’ names, birth date’s and grade’s look like?

4- Put your conclusions, suggestions or possible improvements in your lab notebook.  
� EMBED Equation.3  ���
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