September 17 2007.  Biodiversity:  Definitions and measurement.

Generally stated, biodiversity is the variety of living things.  It is multifaceted and includes components that exist at a variety of scales. Thus, although it may be seemingly simple to assess, the more carefully one explores it the more complex it becomes both theoretically and practically.  

Purvis and Hector (2000, Nature 11:213) Provide three different aspects for measurement.  Numbers describes the number of types, species, populations, genetic alleles at different loci as well as numbers of higher taxonomic groups, independent evolutionary units (evolutionarily significant units Moritz, 1994, TREE 9:373).  Evenness (and the related dominance) considers the degree to which individuals are distributed evenly among the types whether these are species, or genes.  Difference measures the disparity, or variety, of characteristics among types in the sample and can be independent, to some extent, the number of types.  For example genetic variation might be high even within a group of species, if some of these species are highly genetically polymorphic.  Likewise a single species might display a range of functional form.

In this session we will review some of the different facets of diversity and some of the ways diversity is measured.  

Why would we want different measures of diversity?  

What facet is most important? 

A straightforward answer to the first question is, because diversity has some many facets, we desire diverse measures that can help to capture the different facets.  A straight forward, and slightly glib, answer to the second question is that the most relevant facet depends on our question. The same can be said about the metric we use to measure diversity.

Concepts and Terms: 

Taxonomic/Organismal

Genetic

Phylogenetic

Ecological

Functional

Local / regional    Alpha + Beta = Gamma diversity

Readings:

Purvis and Hector. 2002. Getting a measure of biodiversity. Nature 405:212

Petchey and Gaston 2002. Extinction and the loss of functional diversity. Proc R. Soc. Ser B. 269:1721-1727.

Clough et al. 2007. Alpha and beta diversity of arthropods in organically and conventionally managed wheat fields.  Journal of Applied Ecology 44:804-812

Questions: 

Purvis and Hector

This paper is an introduction to different concepts of defining and measuring biodiversity.  We will probably focus less on the diversity function issues, because they are covered elsewhere and we will return to them in later discussions.

1. Focus carefully on BOX 1.  This raises several interesting ideas/issues.  

2. Figure 2  (Ashley take the lead on this one for us)

3. Figure 3  (Maggie take the lead on this one)

Petchey and Gaston 

1. A key to understanding the patterns in these papers is to understand what FD is.  That is how it is calculated.  We will go through the calculation in class.  Please be prepared to explain this to others.  (Note I don’t expect you to look into UPGMA.  I also don’t expect you to work out why traits were standardized to mean=0, var=1).

The other metric of functional diversity is Functional Group Diversity.   This is the richness of functional groups, where these groups are determined by the authors and each species is assigned to such a group.  

2.  In this paper the results really center around interpretation of the figures.  These figures are dense.  For example although each panel in Fig 1 is reporting the same set of things for one of the six data sets used, each panel ahs two Y axes and two different sets of lines to be interpreted.  Spend time working over the figures and reading the figure captions carefully.  Some aspects are parallel among the figures.

Note there is a typo on P1723, column 1, Line7.  This should read figure 1 , not figure 2.

3. The effect of species loss on FD differs substantially from the effect when functional group diversity is used as a diversity metric.  Why does use of functional group diversity lead to greater redundancy than use of FD?  What about functional traits controls the level of redundancy?  

4. What does focusing on only a few ecological functions do to the relation of species remaining (X) and functional diversity (Y)?

5.  Be prepared to discuss what Trait dependent extinction is.  Does this seem likely to be the way that extinctions occur compared to random extinction?  Why?  Look in the Methods section for help in answering this and also think about what leads to species loss from a community?

Clough et al 2007.  
This paper is not the first to explore  and diversity, but it does a reasonable job of putting the ideas in the context of a field study.  It is also less dry and mechanical that some others.  It also has a good methods section that report as methods for how areas are sampled for diversity.

1. How does  diversity differ from  diversity?  diversity cannot be measured directly from samples?  Why not?

2.  What is the goal of exploring the relation between landscape characteristics and -diversity (Page 807)?  On page 809 col2 the text reads, “The significant correlation of similarity matrices for landscape composition and  . .  . . .” What does this significance for conventional farms and the lack of significance on organic farms say about variation among organic farms and likewise about s for these sites?

3.  Generally the study highlights the importance of including b-diversity. Think carefully about how sampling (in particular sampling intensity) affects  diversity?  It may help to think about species accumulation curves.  Check the methods section of this paper.  Did they do a lot of sampling at a site?  What impact might this have on their conclusions?  What could the authors do to explore the issue of limited sampling?  

4. What is the parallel with respect to sample area?

5. As always pay close attention to the figures and tables.  

Questions on articles.

Taxonomic Organismal Diversity:  

Species richness

Benefits:  (1) Intuitive to most people (so practical).  (2) Strong historical data, tend to have meaningful evolutionary history.   (3) Probably is a reasonable surrogate for genetic diversity -for many species-

Problems: Fig 2 Purvis,  Taxonomic boundaries are not comparable among major groups

Family level  (higher grouping) Easier to measure amplifies the problem of evenness and disparity.  Families have very uneven numbers of species within them

Genetic Diversity.

Allele diversity

Heterozygosity   proportion of heterozygous at a given locus

Multilocus genotype

Population size affects loss


[image: image1.wmf]     where H0 is starting heterozygosity 

(variation), t is time in generations, Ne is effective population size.  

ESU and MU 

MU populations with significant divergence of allele frequencies.

Genetic diversity:  Defines evolutionary potential and potential to generate novelty in the system.

Phylogenetci Diversity probably also defines this.  

Phylogenetic Diversty—measured by the total branch length of the phylogenetci tree linking the groups. 

IS this likely to parallel  organismsal in general.

Implication for conservation?

Functional Diversity 

Functional group diversity.  Greatest appeal is that if we are interested in the benefits of biodiversity.  i.e., WHAT having more diversity does, then one of the potentially strongest arguments has to do with increases function and stability.  Higher ecological / ecosystem function is likely to correlate with higher functional group diversity (richness).  This depends on the degree of complementarity among the groups.

For some groups this becomes a practical question  --soil microbial diversity measured by types of things that are done. 

Diversity indices 

Shannon  -Sum[(pi lnpi)] – (S-1)/N

Simpson Index   
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