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Biodiversity of Leaf Litter




Objectives

After this lab you should be able to do the following:

· Calculate the indices of the Simpson’s Index.

· Quantify the Biodiversity of a Sample

· Understand the importance of Biodiversity of Leaf Litter

Materials
Materials for this lab are:

Compound Microscope

Berless Funnel

Leaf Litter

Alcohol

Source of Light

Introduction
Simpson's Diversity Index is a measure of diversity. In ecology, it is often used to quantify the biodiversity of a habitat. It takes into account the number of species present, as well as the abundance of each species. 

Before looking at Simpson's Diversity Index in more detail, it is important to understand the basic concepts. Biological diversity can be quantified in many different ways. The two main factors taken into account when measuring diversity are richness and evenness. Richness is a measure of the number of different kinds of organisms present in a particular area. For example, species richness is the number of different species present. However, diversity depends not only on richness, but also on evenness. Evenness compares the similarity of the population size of each of the species present.

Richness - The number of species per sample is a measure of richness. The more species present in a sample, the 'richer' the sample.

Species richness as a measure on its own takes no account of the number of individuals of each species present. It gives as much weight to those species which have very few individuals as to those which have many individuals. Thus, one daisy has as much influence on the richness of an area as 1000 buttercups.

Evenness - Evenness is a measure of the relative abundance of the different species making up the richness of an area.

To give an example, we might have sampled two different fields for wildflowers. The sample from the first field consists of 300 daisies, 335 dandelions and 365 buttercups. The sample from the second field comprises 20 daisies, 49 dandelions and 931 buttercups (see the table below). Both samples have the same richness (3 species) and the same total number of individuals (1000). However, the first sample has more evenness than the second. This is because the total number of individuals in the sample is quite evenly distributed between the three species. In the second sample, most of the individuals are buttercups, with only a few daisies and dandelions present. Sample 2 is therefore considered to be less diverse than sample 1.

	Flower Species
	Individuals in Sample #1
	Individuals in Sample #2

	Daisy
	300
	20

	Dandelion
	335
	49

	Buttercup
	365
	931

	Total
	1000
	1000


A community dominated by one or two species is considered to be less diverse than one in which several different species have a similar abundance. 
As species richness and evenness increase, so diversity increases. Simpson's Diversity Index is a measure of diversity which takes into account both richness and evenness.

Simpson’s Diversity Indices

The term 'Simpson's Diversity Index' can actually refer to any one of 3 closely related indices. 

Simpson’s Index (D) measures the probability that two individuals randomly selected from a sample will belong to the same species (or some category other than species). There are two versions of the formula for calculating D. In this class we will use the following
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Where ni is the number of each individual species, N is the total number of individuals, and D ranges between 0 and 1.

With this index, 0 represents infinite diversity and 1, no diversity. That is, the bigger the value of D, the lower the diversity. This is neither intuitive nor logical, so to get over this problem, D is often subtracted from 1 to give:

Simpson’s Index of Diversity (1-D)
The value of this index also ranges between 0 and 1, but now, the greater the value, the greater the sample diversity. This makes more sense. In this case, the index represents the probability that two individuals randomly selected from a sample will belong to different species.
Another way of overcoming the problem of the counter-intuitive nature of Simpson's Index is to take the reciprocal of the Index:

Simpson’s Reciprocal Index (1/D)
The value of this index starts with 1 as the lowest possible figure. This figure would represent a community containing only one species. The higher the value, the greater the diversity. The maximum value is the number of species (or other category being used) in the sample. For example if there are five species in the sample, then the maximum value is 5.
The name 'Simpson's Diversity Index' is often very loosely applied and all three related indices described above (Simpson's Index, Simpson's Index of Diversity and Simpson's Reciprocal Index) have been quoted under this blanket term, depending on author. It is therefore important to ascertain which index has actually been used in any comparative studies of diversity. 

To calculate Simpson's Index for a particular area, the area must first be sampled. The number of individuals of each species present in the samples must be noted. For example, the diversity of the ground flora in a woodland, might be tested by sampling random quadrates. The number of plant species within each quadrant, as well as the number of individuals of each species is noted. There is no necessity to be able to identify all the species, provided they can be distinguished from each other.
As an example, let us work out the value of D for a single quadrat sample of ground vegetation in a woodland. Of course, sampling only one quadrat would not give you a reliable estimate of the diversity of the ground flora in the wood. Several samples would have to be taken and the data pooled to give a better estimate of overall diversity.

	Species
	Abundance (ni)

	Woodrush
	2

	Holly Seedlings
	8

	Bramble
	1

	Willow
	1

	Sedge
	3

	Totals
	15


Then to solve for Simpson’s Index
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So Simpson’s Index = 0.3

Simpson’s Index of Diversity = 0.7

Simpson’s Reciprocal Index = 3.3 

These 3 different values all represent the same biodiversity. It is therefore important to ascertain which index has actually been used in any comparative studies of diversity. A value of Simpson's Index of 0.7, is not the same as a value of 0.7 for Simpson's Index of Diversity.
Pre-lab Questions
1. Why would we want to rate the amount of biodiversity in a location?




2. Examine the charts below and calculate the diversity indices for the three samples.

	Species
	Sample 1
	Sample 2
	Sample 3

	1
	10
	20
	100

	2
	10
	20
	1

	3
	10
	10
	1

	4
	10
	10
	1

	5
	10
	2
	1


3. Use the results from the previous question to describe the biodiversity of each sample.

Procedure

1. Collect a sample of leaf litter. Be sure to collect the entire layer down to the soil. 




2. Examine the sample and classify what you see the layer is composed of.

3. Place your sample into the Berlese Funnel under the light source. Place a small beaker of alcohol under the funnel. The hope is that small invertebrates will travel away from the light and fall into your alcohol. 

4. The next day, collect your beaker and examine the organisms you have collected under the microscopes. You will need to calculate the number of each species you have, and identify them. Each person may work on a portion of the sample and put your numbers together. Use the Identification pages to name each species.

5. Use the information to calculate the diversity indices for your sample.

Observations
Location: ___________________________

Type of Community: ______________________________

Date: __________________________
Time: _____________________

Weather description: _____________________________

Air temp: ______________________
Soil temp: __________________

Relative Humidity: _______________________________

Data Table


	Species Name
	Quantity
	Species Name
	Quantity
	Species Name
	Quantity

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Calculations

Simpson’s Index = __________________________________

Simpson’s Index of Diversity = ________________________________

Simpson’s Reciprocal Index = _________________________________

Questions
1. What are two reasons the organisms move away from the light down the funnel? What does this indicate about the organisms?

2. Summarize whether you think the biodiversity of this litter is high or low density. If low, try to give some reasons why this might be.

3. Why would an environmental scientist need to make more than one measurement if he was calculating the biodiversity? How would you take samples of a large forest?

Invertebrate Identification Page
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Proturan
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Termite
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Thrips
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Japygid
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Millipede
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Roach

	[image: image9.png]



Psocid
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Isopod
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Ant
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Centipede
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Springtail
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Aphid
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Snail
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Ant
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True Bug
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Pauropod
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Pseudoscorpion
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Harvestman
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Spider
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Beetle Mite
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Predaceous Mite
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