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Ordination and Akaike’s Information Criterion (AIC)

An Introduction to Ordination 
Connie Clark 

http://userwww.sfsu.edu/~efc/classes/biol710/ordination/ordination.htm



Ordination is a collective term for multivariate techniques which adapt a multi-dimensional swarm of data points in such a way that when it is projected onto a two dimensional space any intrinsic pattern the data may possess becomes apparent upon visual inspection (Pielou, 1984). Basically, ordination serves to summarize community data (such as species abundance data) by producing a low-dimensional ordination space in which similar species and samples are plotted close together, and dissimilar species and samples are placed far apart.
Generally, ordination techniques are used to describe relationships between species composition patterns and the underlying environmental gradients which influence these patterns (asking, what factors structure the community?). For example, if you wanted to examine the distribution patterns of tree species in the Sierra Nevada Mt. Range, ordination could be used to determine which species are commonly found associated with one another, and how the species composition of the community changes with increase in elevation. Recently, use of ordination techniques have expanded to include analysis of dietary overlap (Schluter and Grant, 1982), and to explore patterns of within species morphological differences with geographic distance between populations (Alisauskas, 1998).


Data 
Commonly, data interpreted using ordination are collected in a species by sample data matrix, similar to the matrix presented below. Sample data may include measures of density, biomass, frequency, importance values, presence/absence, or any number of abundance measures.
	
	E7000
	E6580
	E6000
	E5400
	E5000
	E4000
	E2850
	E1800

	ABMA
	88.6 
	144.4 
	21.7 
	52.2 
	0 
	0 
	0 
	0 

	ABCO
	211.4 
	149.3 
	243.2 
	190.5 
	102.4 
	12.4 
	18.7 
	0 

	ACMA
	0 
	0 
	0 
	0 
	0 
	13.1 
	5.5 
	0 

	ARME
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	34.9 

	CADE
	0 
	0 
	0 
	3 
	65 
	33.8 
	36.4 
	28.7 

	CONU
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	11 

	LIDE
	0 
	0 
	0 
	0 
	0 
	2.4 
	0 
	136.6 

	PICO
	0 
	0 
	11.2 
	2.2 
	0 
	0 
	14.7 
	0 

	PILA
	0 
	0 
	0 
	4 
	0 
	0 
	0 
	12.9 

	PIPO
	0 
	0 
	0.8 
	3.5 
	10 
	85.1 
	23.5 
	64.4 

	PIJE
	0 
	6.4 
	9.8 
	28.1 
	16.7 
	0 
	0 
	0 

	PSME
	0 
	0 
	0 
	17.1 
	105.5 
	48.8 
	125 
	5.5 

	QUCH
	0 
	0 
	0 
	0 
	0 
	52.2 
	19.6 
	0 

	QUWI
	0 
	0 
	0 
	0 
	0 
	10 
	7.7 
	0 

	QUKE
	0 
	0 
	0 
	0 
	0 
	47.5 
	46.4 
	0 

	
	
	
	
	
	
	
	
	


The above is a relatively simple data set. However, it is easy to imagine that a true data set may encounter dozens of species over hundreds of samples. Complex sample by species matrices represent dozens to hundreds of dimensions which are impossible to visualize or interpret. Even graphed, species response curves of large community data sets can be nearly impossible to interpret. (As they resemble a mess of overlapping peaks and depressions as shown here.) 
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Ordination can help us find structure in these complicated data sets. By using various mathematical calculations (which will not be discussed here), ordination techniques will identify similarity between species and samples. Results are then projected onto two dimensions in such a way that species and samples most similar to one another will be close together, and species and samples most dissimilar from one another will appear farther apart (as shown below). 
[image: image2.png]Axis2

a0

a0

Pl

200 |

%

X ©om v %

2

QUKE
QueH
Quwt
ACMA
ARME.
LIDE
con

ARV

Rispp-data-divided
s
®
o aeco
J ©  aEMA
o mE
o A FIFO
[ER )
ER 7Y
4 ®
v PSME
*
v cADE
®
@a® >
7 & & A

Axis1

50 -





  
Ordination techniques: 
There are several different ordination techniques, all of which differ slightly, in the mathematical approach used to calculate species and sample similarity/dissimiarity. Rather than reinventing the wheel by discussing each of these techniques in depth, I will offer only a brief description of the most commonly used methods here. Further details can be found in the following suggested references: 
Gauch, H. G., Jr. 1982. Multivariate Analysis in Community Structure. Cambridge University Press, Cambridge 
Causton, D. R. 1988. An introduction to vegetation analysis. Unwin Hyman, London. 
Kent, M., and P. Coker. 1992. Vegetation description and analysis: a practical approach. Belhaven Press, London. 
Pielou, E. C. 1984. The Interpretation of Ecological Data: A Primer on Classification and Ordination. Wiley, New York 
Okland, R. H. 1990. Vegetation ecology: theory, methods and applications with reference to Fennoscandia. 
Sommerfeltia Supplement 1:1-233. 
Jongman, R. H. G., C. J. F. ter Braak, and O. F. R. van Tongeren, editors. 1987. Data Analysis in Community and Landscape Ecology. Pudoc, Wageningen, The Netherlands. 
Analysis of Ecological Communities. Chapman and Hall, London. 
 

Theory and background  http://ordination.okstate.edu/index.html
Properties of community data

Ordination methods are essentially operations on a community data matrix (or species by sample matrix). A community data matrix has taxa (usually species) as rows and samples as columns (Table 1) or vice versa. In community ecology, the term "sample" has diverged from its usage in statistics, and refers to the basic unit of observation. In most studies of vegetation, the sample is a quadrat, relevé, or transect – though it may consist of a number of subsamples (as is the case with Table 1). Samples in animal ecology may consist of traps, seine sweeps, or survey routes. Biogeographic studies may rely on the cells of large grids or political units as samples.

The elements in community data matrices are abundances of the species. ‘Abundance’ is a general term that can refer to density, biomass, cover, or even incidence (presence/absence) of species. The choice of an abundance measure will depend on the taxa and the questions under consideration. Any of the matrix’s constituent column vectors is considered the species composition for the corresponding sample. Species composition is frequently expressed in terms of relative abundance; i.e. constrained to a constant total such as 1 or 100%. The purpose of ordination and classification methods is to interpret patterns in species composition.

Regardless of the scale or taxa involved, most community data matrices share some general properties:

They tend to be sparse: a large portion (often the majority) of entries consists of zeros.

Most species are infrequent. That is, the majority of species is typically present in a minority of locations, and contributes little to the overall abundance.

The number of factors influencing species composition is potentially very large. For example, forest tree density can be influenced by time since fire, elevation, nutrients, soil depth, soil texture, water availability and many other factors.

The number of important factors is typically few. That is, a few factors can explain the majority of the explainable variation. Another way of saying this is that the intrinsic dimensionality is low.

There is much noise. Even under ideal circumstances, replicate samples will vary substantially from each other. This is largely due to stochastic events and contingency (sensu Parker and Peterson 1998), though observer error may also be appreciable.

There is much redundant information: species often share similar distributions. For example, the abundance of Haplohymenium triste gives some insights into the abundance of Anomodon rostratus, and the abundance of Dicranum montanum helps predict the abundance of Leucobryum albidum (Table 1). It is this property of redundancy that allows us to make sense of compositional data.

For any ordination method to be generally useful, it must be able to cope with the above properties of community data matrices.

Ecological similarity and distance

We consider two samples with similar species composition to be ecologically similar, and two samples which share few species to be ecologically distant. The concept of ecological distance is akin to beta diversity, but it deviates from it in important respects: samples can be ecologically distant due to noise rather than environmental differences, and ecological distance is not measured along gradients. However, some ordination techniques such as NMDS require measures of ecological distance. Numerous measures of ecological distance (or its complement, ecological similarity) are in use (see Legendre and Legendre 1998). Table 2 is an example of a distance matrix, calculated from the data matrix in Table 1. Note several things:

1) The distance matrix is square and symmetric, i.e. its rows are the same as its columns.

2) The diagonals are zero, meaning that there is no difference between a sample and itself. Because of this and the previous observation, distance matrices are frequently represented as a triangular matrix, ignoring the values above and including the diagonal.

3) Some ecological insights can be derived from the matrix. For example, within a genus (e.g. comparing Quercus alba and Quercus rubra) or species (e.g. comparing Liriodendron tulipifera in two sites) of host trees , epiphytic bryophyte communities are similar (low values), but between genera (e.g. between Quercus and Pinus), communities are dissimilar.

4) All information about particular bryophyte species is lost – so any analyses relying on the distance matrix alone will have limits to its interpretability.

Definition of Akaike's Information Criterion"

From Econterms
Definition: Akaike's Information Criterion is a criterion for selecting among nested  models. The AIC is a number associated with each model:

AIC= T * ln(RSS) + 2K where K is the number of regressors (or model parameters), T the number of observations, and RSS the residual sum of squares.

What is RSS? In this graph of the relationship between alcohol use vs. tobacco use, the residuals (“leftovers”) in the regression analysis are represented for each observation point by the differences between the predicted value of “Y” (tobacco use; identified as ŷi) from the regression line vs. the actual (observed, known as yi) amount of tobacco use for a specific person' s alcohol use.
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Each of these errors shows how much the actual observed y value differs from what the model predicted. We can combine all these individual errors into one overall error called Residual Sum of Squares (or RSS) as follows:
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 RSS is a measure for how well a line fits the points, the smaller RSS, the better the fit. 
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