Measures of Species Diversity

After Cox, George C. 1996. Laboratory Manual of General Ecology. W.C Brown, Boston, pp. 190-195, and

          Preston 1948, The Commonness, and rarity, of species. Ecology 29: 254-283

There are three commonly recognized measures of diversity.  Alpha diversity measures the diversity of species within a given habitat.  Beta diversity describes the degree of change in species from one habitat to another.  Gamma diversity is the total regional species diversity resulting from the total number of habitats present.

Alpha diversity is a combination of two aspects of the species composition in the community: number of species (species richness) and equitability of their abundance (species evenness).  These aspects of diversity are commonly considered at once as an index of heterogeneity.  There are many proposed indices of heterogeneity all of which have different assumptions about the ratio of rare to common species in the sample. If these assumptions are not met then the measure of species diversity will be inaccurate.  

Diversity indices were developed as measures of environmental quality or of the health of certain habitats.  The previous conventional wisdom was that highly productive, undisturbed, stable habitats such as tropical rain forests would have higher levels of species diversity.  This conventional view has been challenged repeatedly.

Graphs of Species Abundance Distribution-


A species abundance distribution is a graph of the relative abundance of all species in a particular sample.  Generally, the x-axis consists of categories of abundances, and the y-axis is a measure of the frequency of species that are represented by a particular abundance in the sample (similar to a histogram).  Species-abundance distributions give a general idea of “community structure”; i.e., the number of rare and common species. They can also give some idea of how well-sampled the community is.  Preston (1948) developed a plot in which the abundances are log2 transformed on the x-axis (e.g., the categories are 0-1, 1-2, 2-4, 4-8, 8-16, 16-32, etc.).  He noticed that once transformed, the distribution of many communities appeared to be normal; in other words, the communities had “log-normal” distributions.  Furthermore, one could tell how well the community has been sampled based on how much of the log-normal distribution is revealed on the graph.  For example, if the left-hand tail of the distribution is truncated by the y-axis (i.e., a large number of rare species), the community had not been entirely sampled.  Since Preston first described this distribution, several researchers have proposed other distributions (e.g., Hubbell’s zero-sum multinomial) that attempt to explain community structure, but Preston’s log-normal distribution fits most communities quite well. 


Diversity Indices-

Shannon’s Index 

The most commonly used index of heterogeneity is the Shannon Index.  It calculates the average degree of uncertainty in predicting which species an individual would be if that individual were picked at random from the community.  This uncertainty increases as the number of species in a community increases and as the individuals in a community are distributed more evenly among the species in a community (i.e. as each species in a community comes closer to having the same number of individuals).  The Shannon index varies from values of 0 for communities with one species, to various other values for other species mixes.

Shannon’s Index is calculated as H’

H’ = -( pi log pi   Where pi  = the decimal fraction of individuals belonging to the ith 

species.

Usually the natural logarithm e is used in the calculation.

If you wish to use the numbers of individuals of each species (ni) and their total (N) to make the calculation then use:

H’ = log N-1/N ( ni log ni

To test the null hypothesis that two Shannon diversity indices come from two communities with equal species diversity you use a modified t-test.

Here the variance s2 and the standard error are calculated in the following way.

s2 = [( ni log ni – (( ni log ni)2 /N]/N2                         sd = (s21  + s2 2  



t is given by  t= H1 –H2/ sd
The degrees of freedom in the t-test are calculated by with the following formula

       (s21  + s2 2) 2 

     DF =   ______________________

 (s21)/N1+ (s2 2)/N2

Simpson’s Index

A different measure of heterogeneity is the Simpson index. This index corresponds to the number of randomly selected pairs of individuals that must be drawn from your sample (i.e. the community) to have an even chance of getting a pair where both individuals are the same species.  Simpson’s index is calculated using the equation

N(N-1)

Where N= Total number of individuals of all species

Ds=   _____________

(n (n-1)

n= Number of individuals of a species

There is a t-test procedure for Simpson’s index which we will not calculate.

Shannon’s index is more sensitive to the addition and deletion of rare species, which is one of the reasons that it is more commonly used.  Here we will calculate both diversity indices for two different communities, a longleaf pine parkland, which has low soil fertility and is regularly disturbed by fire and a bottomland hardwood forest that has higher soil fertility and is not regularly disturbed by fire.  We will then compare the diversity from the two habitats using a t-test.  

Answer the following questions.

1) Was the community adequately sampled?

2) What kinds of sampling biases might have affected our samples?

3)Are the two communities equally diverse, if not, which is more diverse?

4)Which has the greater species richness?

5)Which has the greater species evenness?

6)How would the diversity indices change if we were to only consider trees?  Herbs?

7)Think of what factors affected each community before human interference.  Does diversity necessarily increase with stability and freedom from disturbance?

