
                                                                                  Environmental Biology ECOL 206 Bonine, Tyler 2007


Patterns in Species Diversity
Before coming to lab:
· Read and think about the information presented  in this lab handout
· Be prepared to discuss the figures contained in the handout, and their relationship to today’s topics

· Write down your observations and questions about this lab to discuss in class

· Wear footwear and clothing appropriate for working in the desert. No flip-flops, bring a hat, etc.

· Bring water to drink.

· Bring a calculator and your lab notebook!!!

In today’s lab, we will investigate two important patterns in species diversity: Species – Area Relationships and the Intermediate Disturbance Hypothesis. We will use all that you have learned this semester to design an experiment, collect the data, and describe and interpret the patterns we see. As budding environmental biologists, you will work with your fellow students to characterize patterns in the plant diversity of the Sonoran Desert adjacent to the Tucson metropolitan area. We will make use of measuring tapes, calculators, graph paper, and your ability to identify desert plants.
Today’s goals are to think about: 

· Biodiversity and landscape structure

· How area and diversity are related

· Importance of heterogeneity to maintenance of diversity

· Land use and it’s implications

 Species - Area Relationships
One of the most general patterns in ecology is that larger areas contain more species than small ones (von Humbolt 1807).  This pattern is seen in almost all types of organisms at many scales.
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The species – area relationship (SAR) is most generally characterized by a convex upward curve (see Figure a), and is described mathematically by the equation: 
S = CAz, 

 where S is the number of species, A is the area, and c and z are constants.  Often it is useful to use the logarithmic form of this equation (see Figure b):  Log S = Log C + z Log A. 
This log-log format (both axes are on log scales) allows us to evaluate the data in linear form and more easily look at the rate of species increase with an increase in area. Using the log form, this rate is the slope of the line and equal to z in the equation.  When comparing the SAR among different taxa or regions, the linear form often facilitates comparison more easily. 
1) Look at the figures provided and describe the relationships you see. How does the number of species change, and how fast do they change over the different areas? What happens as the area gets very large? Bring your observations and questions to class for our discussion.
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Bird Diversity in Remnant Vegetation Patches in Victoria, Australia
The figure is taken from the Australian Government Department of the Environment and Water Resources website (http://www.environment.gov.au/land/publications/wildlife/wildlife6.html, accessed on 4/20/07), and is credited to Loyn 1987.
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Data from the St. Lawrence River, part of the Biodiversity Portrait of the St. Lawrence accessed from http://www.qc.ec.gc.ca/faune/biodiv/en/methods/meth_invert_fish.html, on 4/20/07.
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Figure 26.2. Species-area curves of mammals, birds,
and butterflies on Great Basin mountain ranges.
The data are graphed on a log-log scale. Note the
differences in the slopes of the regression lines and
the large number of butterfly species compared
with mammals and resident birds.




Comparing the SAR among butterflies, mammals and birds in the Great Basin of North America.

This figure was taken from the website: http://ciesin.columbia.edu/docs/002-262/002-262.html, accessed on 4/20/07. It is credited to: Murphy, D. D., and S. B. Weiss. 1992. Effects of climate change on biological diversity in Western North America: Species losses and mechanisms. Chapter 26 in Global Warming and biological diversity, ed. R. L. Peters and T. E. Lovejoy. Castleton, New York: Hamilton Printing.

SAR questions to consider for our discussion:

1) What factors might influence z, the rate of species increase with area?

2) What are the implications for conserving biodiversity? 

3) As environmental scientists, how can we use the SAR information to mediate the impact of our expanding human population?

Intermediate Disturbance Hypothesis
The Intermediate Disturbance Hypothesis was first suggested by J. Connell in 1978. He proposed that in recently disturbed communities a few early colonizing species prevail; similarly after a long time diversity is also low, but these few are long-living and competitively dominant organisms. Diversity would therefore be greatest at intermediate points when a variety of species had colonized a habitat but competitive exclusion had not yet taken place. The advantage of this hypothesis for describing patterns in diversity is that it is experimentally testable!

1) Think of examples in nature where you think intermediate disturbance has generated high diversity.  Can you think of examples where it hasn’t?  Bring your thoughts to class for our discussion.
2) Read about the study below, done by W. Sousa in the 1970’s. Interpret the figure. When is the greatest number of species present? How did Sousa measure disturbance? Bring your interpretation to class for our discussion.
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Questions for discussion:

1) Why is the intermediate disturbance hypothesis relevant to conservation and environmental biology?

2) How can it be applied to manage ecosystems?

3) How do you measure disturbance?

4) How do you define disturbance?

Diversity Indices
There are many methods that are used to quantify species diversity. Take a quick look at the three common indices listed below, making note of their strengths and weaknesses. Come to lab ready to discuss which index will be most informative for our experiment.

Shannon-Wiener index of diversity:

Should be used only on random samples drawn from a large community in which the total number of species is known.
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H= index of species diversity

S= number of species

pi= proportion of total sample belonging to the ith species

Two components are  combined in the S-W function:

1. number of species

2. equitability or evenness of allotment of individuals among the species

Simpson’s index of diversity: 

Derived from probability theory;  from the question, what is the probability that two specimens picked at random in a community of infinite size will be the same species?
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D = Simpson’s index of diversity

pi= proportion of individuals of species i in the community

This index gives relatively little weight to the rare species and more weight to the common species.  It ranges in value from 0 (low diversity) to a maximum of (1-1/S), where S is the number of species.  

Margalef’s index of diversity:
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S= # of species at the site

N= total # of species

How do you decide what to use?

Things to consider:

1. sensitivity to differences in sample size

2. Do you want differences in rare and/or abundant species to be emphasized?

3. Do you want differences in species richness or evenness to be emphasized?

In the field during lab:
1) Exploration – 10 minutes. Working with one other student, you will first spend 10 minutes walking through the area and making careful observations of what you see. As you explore, keep in mind the following questions and make some brief notes in your field notebook. We will then discuss your observations and design our experiment as a group. 

Things to keep in mind as you explore:

What kinds of plants do you see?

How many plants do you see?

How does the landscape vary?

What environmental and anthropogenic factors may be affecting this area?

How would you use this area to test the SAR and the intermediate disturbance hypothesis?
2) Group discussion and experimental design – 15 minutes.
3) Data collection – 45 minutes.

4) Data summary, manipulation, and graphical presentation – 45 minutes. We will generate species-area curves, and diversity indices as needed to answer our questions.
5) Discussion of our findings – 15 minutes
6)  HAVE A FUN SUMMER!!!!! 
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