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Biological Diversity: Calculating
Diversity is measured by two main components: species richness (the number of species present), species evenness (how relatively abundant each of the species are). Additionally, species composition (which particular species are present) is often measured.

Species Richness & Evenness
A basic computation you can do with your data is a simple count of the total number of species found at each site. Total number of species is known as species richness. Species evenness tells you how evenly distributed the species are in a designated community.  
Concerns:  Sample size, community composition, sampling effort

Example: Species evenness tells us how evenly the species are distributed in the ecosystem, or the relative abundance of each species in an area.  Look at the following example:  
	Tree Species
	Habitat A (# of individuals)
	Habitat B (# of individuals)

	Pines
	220
	900

	Oaks
	300
	50

	Maples
	380
	50


Using the example table, what is the species (tree) richness in each habitat?  




A:  _________     B:  ___________

Using the example table, which habitat has greater species evenness?  _________

Quantifying Diversity
There are a number of diversity indices which can be used to summarize the diversity in a community 
· Q-Statistic

· Simpson

· Shannon-Wiener

· Brillouin 

· Gini Index
· Pielou’s Hierarchical Diversity Index

.  

Shannon’s Diversity Index

The Shannon Index measures the order within a community (written as H’). It is characterized by the number of individuals observed for each species in the ecosystem. It is often used when we wish to study a random sample from a larger community. As the value of the index increases there is more order in the community. A small value would indicate a lack of order in the community (entropy). Or said another way: "Shannon index. A diversity index, taking into account the number of individuals as well as number of species. Varies from zero (0) for communities with only a single species to one (1) for communities with many species, each with few individuals."

Simpson’s Index of Dominance

The index is a measure of both the richness and proportion (percentage) of each species (written as lower case L). It is the measure of the chance that if two organisms are taken from the environment they will be members of the same species. It is therefore, a measure of dominance, meaning that a community with high diversity will have a low dominance value. A large value (close to one) of l implies a clumping of individuals in a few species and a small value (close to zero) of l implies a more uniform distribution of individuals among the species. Or said another way: "Simpson index. Ranges from zero (0) (all species are equally present) to one (1) (one species dominates the community completely)."

Concerns: Simpson’s index is particularly sensitive to changes in the relative abundances of the most important species. Shannon's index is particularly sensitive to the number of rare species in a community. Hence, Shannon's index is most suitable for plant, bird and mammal studies, whereas Simpson's is better suited for arthropods. However, since Shannon's index is especially sensitive to changes in the relative abundance of the top several species, one wants to assure good estimates (a large number of replicate samples) of these abundances are generated by the sample design.

.

Calculations

The value N is the total number of organisms of all species, and n is the total number of organisms of a particular species.  Zero represents infinite diversity, and 1 represents no diversity.  Since this is not intuitive, D is often subtracted from 1 to give the higher values the higher diversity.  


The Simpson index (l) is calculated by:  [image: image1.jpg]Z n{n—1)
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Example data:

	Species
	Number (n)
	n(n-1)

	Woodrush
	2
	2

	Holly (seedlings)
	8
	56

	Bramble
	1
	0

	Yorkshire Fog
	1
	0

	Sedge
	3
	6

	Total (N)
	15
	64


Using the formula for Simpson's Index: 
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         D = 0.3 (Simpson's Index)

Then: Simpson's Index of Diversity 1 - D = 0.7

Shannon Diversity Index

        s

H = ∑ - (Pi * ln Pi)

        i=1

where:

H = the Shannon diversity index

Pi = fraction of the entire population made up of species i

S = numbers of species encountered

∑ = sum from species 1 to species S

Note:  The power to which the base e (e = 2.718281828.......) must be raised to obtain a number is called the natural logarithm (ln) of the number.

To calculate the index:

1. Divide the number of individuals of species #1 you found in your sample by the total number of individuals of all species.  This is Pi
2. Multiply the fraction by its natural log (P1 * ln P1)

3. Repeat this for all of the different species that you have.  The last species is species “s”

4. Sum all the - (Pi * ln Pi) products to get the value of H

For example:

	Birds
	Ni
	Pi
	ln Pi
	- (Pi * ln Pi)

	Pigeon
	96
	.96
	-.041
	.039

	Robin
	1
	.01
	-4.61
	.046

	Starling
	1
	.01
	-4.61
	.046

	Crow
	1
	.01
	-4.61
	.046

	House sparrow
	1
	.01
	-4.61
	.046


H = 0.223

High values of H would be representative of more diverse communities.  A community with only one species would have an H value of 0 because Pi would equal 1 and be multiplied by ln Pi which would equal zero.  If the species are evenly distributed then the H value would be high.  So the H value allows us to know not only the number of species but how the abundance of the species is distributed among all the species in the community.

Applets online for calculating the indices:

Shannon/Simpson: 
http://math.hws.edu/javamath/ryan/DiversityTest.html 




http://www.changbioscience.com/genetics/shannon.html
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