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Species diversity

I. Ecological communities

Ecological communities are assemblages of populations of interacting species. People conceptually recognize communities because they are perceptually obvious. Examples of ecological communities include forests, prairies, wetlands, estuaries, lakes, deep ocean hydrothermal vents, and coral reefs. The essential feature of communities is that they are assemblages of species that predictably co-occur. The community concept became a central focus for ecologists in the early 1900s because of the work of Frederic Clements (1916). Clements spurred the development of a probabilistic theory of community development when he suggested that the predictability of community development (i.e., succession) was proof for the existence of a super-organism. This super-organism was proposed to be composed of the assembled organisms, much like organisms are composed of assemblages of tissues. Though the super-organism concept of Clements has widely lost favor among ecologists, it is true that ecological systems are more than the sum of their parts.
The structure of ecological communities is measured with a number of different metrics. One method of analyzing ecological communities is the construction of food webs, which address the functional relationships among the species of a community. Species diversity and species richness are also important measures of community structure. Species richness is a measure of the number of species per unit area. Species diversity is a non-dimensional, numerical index generated for a given community, which takes into account both richness and abundance of individual species. Because of the problems associated with mathematical measures of species richness that arise in certain situations, many ecologists elect to use measures of species diversity to describe ecological communities.

II. Sampling effort curves and diversity indices

Ecologists face two main problems when quantifying differences in the abundances of species in communities. First, the total number of species found correlates with the sample size because you are more likely to find a rare species as you increase your sampling frequency. This means that diversity cannot be compared between communities that were sampled at different intensities. Second, the number of individuals representing a species may not be a good indication of the functional importance of that species to the community. To some degree, the functional roles that species play in a community vary in proportion to their overall abundance.
There are cases where this is not true, however. An excellent example of a species whose functional role is not proportional to its overall abundance in a community is a keystone predator. A keystone predator species may be represented by only a few individuals, but it plays a critical role in structuring the community in which it lives. The Florida panther in the Everglades is a good example of such a keystone predator. Thus, it is best to have some measure of the functional roles of species in a community in addition to simple measures of the numbers of individuals that represent each species.

One part of the discovery process in assessing communities is identifying when we have exerted a sufficient sampling effort to determine species richness and diversity with some level of confidence. Construction of a species-area curve (Figure 1) is one approach to determining adequate sampling effort.

Species-area curves plot the area examined with repeated samplings (x-axis) versus the total number of species found in those samplings (y-axis). Alternatively, a sampling effort curve (Figure 2) plots the cumulative number of individuals sampled (x-axis) against the total number of species represented by those individuals (y-axis). Both curve types address the same question (i.e., whether species richness is increasing or has leveled off in your sample) but may be appropriate for different situations. For example, Conservation International’s Rapid Assessment Program (RAP; https://learning.conservation.org/biosurvey/RAP/Pages/default.aspx), created in 1990, is intended to quickly assess species diversity in areas of conservation concern to better inform sound conservation decisions. A RAP survey is performed during a 3-4 week period where several different scientists (botanists, ornithologists, entomologists, zoologists, etc.) are flown in to quickly move through the forest documenting the species and individuals found in the area. RAPs do not include accurate measures of area covered but do include numbers of individuals sampled. In such a scenario, a sampling effort curve would be more informative than a species-area curve.
The result for both curve types is a line that increases steeply at first but eventually levels off at an asymptote. The point at which the species-area and sampling effort curves level off is the point where additional sampling is yielding no additional information about the number of species. In other words, the leveling off point or asymptote represents the optimal sample size in terms of area or individuals, depending on the type of curve. The total number of species in a community strongly determines how large the sample should be to reach this optimum, though the number of rare species also plays a critical role.
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Figure 1: Herbaceous Plant Species-Area Curve for the FIU Environmental Preserve
with data used to generate graph).
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Figure 1: Herbaceous Plant Species-Area Curve for the FIU Environmental Preserve (shown with data used to generate graph).
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Figure 2: Herbaceous Plant Sampling Effort Curve for the FIU Environmental Preser
with data used to generate graph).
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Figure 2: Herbaceous Plant Sampling Effort Curve for the FIU Environmental Preserve (shown with data used to generate graph).
Once you have adequately sampled the species in a community, you can then calculate an index to quantify the species diversity and/or dominance in that community. The two most common indices for this are the Simpson’s index (D) and the Shannon-Wiener index (H). 
The Simpson’s index is a measure of dominance representing the likelihood that two randomly chosen individuals will be the same species. This species emphasizes common species, and is affected very little by rare individuals. D ranges from 1 to the number of species found. The higher D is the more even the population; the lower D is the more one species dominates the population. 

The Shannon-Wiener index is a measure of species diversity. H ranges from 0 to 5 and typically falls between 1.5-3.5. The higher value of H the greater the diversity.
Both indices are calculated using information about the proportion (pi) of individuals in the total sample (Ntotal) that are represented by a given species (i), such that, for each species...
pi = ni / Ntotal
Simpson's index (D) is calculated as… 
D = 1 / Σ pi2
The Shannon-Wiener index (H) is calculated as…
H = - Σ [pi * ln (pi)]
All of these calculations can be made in Excel. Try the examples below before calculating values for your own data:
Site 1

	
	Abundance
	=B4/99
	=C4^2
	=ln(C4)
	=E4*C4

	Species
	N
	p
	p^2
	ln p
	(ln p)*p

	A
	47
	0.474747475
	0.225385165
	-0.74497
	-0.35367

	B
	35
	0.353535354
	0.124987246
	-1.03977
	-0.3676

	C
	7
	0.070707071
	0.00499949
	-2.64921
	-0.18732

	D
	5
	0.050505051
	0.00255076
	-2.98568
	-0.15079

	E
	3
	0.03030303
	0.000918274
	-3.49651
	-0.10595

	 F
	2
	0.02020202
	0.000408122
	-3.90197
	-0.07883

	
	99
	
	0.359249
	
	-1.24416

	
	N = SUM of n
	
	SUM of p^2
	
	SUM of ln(p)*p

	Simpson’s index (D) = 1/(∑(p^2)) = 
	2.783584
	
	

	Shannon-Weiner (H) = -1*(∑(ln(p)*p)) =
	1.244162

	
	


Site 2

	
	Abundance
	=B4/105
	=C4^2
	=ln(C4)
	=E4*C4

	Species
	N
	p
	p^2
	ln p
	(ln p)*p

	A
	48
	0.457142857
	0.208979592
	-0.78276
	-0.35783

	B
	23
	0.219047619
	0.047981859
	-1.51847
	-0.33262

	C
	11
	0.104761905
	0.010975057
	-2.25607
	-0.23635

	D
	13
	0.123809524
	0.015328798
	-2.08901
	-0.25864

	E
	8
	0.076190476
	0.005804989
	-2.57452
	-0.19615

	F
	2
	0.019047619
	0.000362812
	-3.96081
	-0.07544

	
	105
	
	0.289433
	
	-1.45704

	
	N = SUM of n
	
	SUM of p^2
	
	SUM of ln(p)*p

	Simpson’s index (D) = 1/(∑(p^2)) = 
	3.45503
	
	

	Shannon-Weiner (H) = -1*(∑(ln(p)*p)) =
	1.457036


III. Objectives

You will conduct a RAP at the FIU nature preserve.  The RAP will be to assess the diversity within the nature preserve  insect community. As you know our nature preserve has gone through massive changes recently.  Our research will help to understand how those changes affecting species richness.  You will be substituting time-based plot measurements for spatially-based plot measurements. Sampling will be done along the nature preserve trail using insect nets provided. Your TA will call out start/stop times for 12- 1 minute sampling efforts. In between each 1 minute sampling effort you will identify and count each insect species before releasing them. When the field component is complete, your TA will pool together the class data and you will create a species sampling effort curve showing the amount of time needed to effectively collect the most diversity found within that habitat.
Note:  A graduate student has captured and tagged some butterflies with identifying numbers. If you catch a tagged butterfly, write down its unique tag identification information and release the butterfly. Give this info to you TA before you leave the lab.
