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DISCLAIMER

This FORTRAN program is provided without any explicit or implicit warranty of correct functioning. It
has been developed as part of a university-based research program. If, however, you should encounter
problems with this program, the author will be happy to help solve them. Researchers can use this program
for scientific and research purposes, but intellectual property and copyright for the source code and
program remains the property of Marti Jane Anderson. For finding the eigenvalues of a real symmetric
distance matrix, using a householder reduction, I used the canned FORTRAN routines: “tred2” and “tqli”
from Numerical Recipes (Press et al. 1992).

Users of the program may refer to the present user’s guide as follows:

Anderson, M.J. (2003). PCO: a FORTRAN computer program for principal coordinate analysis.
Department of Statistics, University of Auckland, New Zealand.

Author’s contact details:

Dr Marti J. Anderson

Department of Statistics

University of Auckland

Private Bag 92019

Auckland, New Zealand

Tel: 64-9-373-7599 ext 85052

Fax: 64-9-373-7018

Email: mja@stat.auckland.ac.nz

Website: http://www.stat.auckland.ac.nz/~mja




I. Description

PCO is a computer program that calculates a principal coordinate analysis of any symmetric distance
matrix in the manner of Gower (1966). Namely, let D = (d;;) be an (n xn) distance matrix. Let

A=(a;)= (—%d ljz ) , then calculate Gower’s centered matrix (G) by centering the elements of A, i.e.

G=(1-L11)A(i-L11)

where 1 is a column of 1°s of length n and I is the identity matrix. Matrix G is then decomposed into its
component eigenvalues and eigenvectors. The eigenvectors, standardized by dividing by the square root of
their corresponding eigenvalue, are output as the principal coordinate axes. This analysis is also called
metric multi-dimensional scaling. It is useful for ordination of multivariate data on the basis of any distance
function.

The user should be aware that the program does not correct for negative eigenvalues in any way. These are
scaled by dividing by the square root of the absolute value of the corresponding eigenvalue and are simply
given alongside the positive axes in the output.

II. Input file

The program allows the user to input a distance matrix directly or a raw multivariate data matrix. In either
case, the file should be saved as ASCII *.txt, with no column or row headings. This is the input file for the
program. If you are using a Macintosh, then save the file (for example, from Excel) as “Text (Windows)”.
If you save it as a simple text file from Excel, it won’t run unless you open up the file again (for example,
using a text editor such as BBEdit) and manually add a carriage return (“Enter”) to the end of the last line.
This is a weird quirk of the way the Mac version of Excel saves text files that, for some reason unknown to
me, causes my program to crash. You should not experience any such problem, however, if the file is saved
as “Text (Windows)” or if the file was created using a different text editor.

To avoid dealing with long file names and paths to locate files, place the input file in the same location on
your computer (i.e. the same directory) as the PCO.exe (or PCO.mac) file, for use with the program.
Double-click on the “PCO.exe” (or “PCO.mac”) file to run the program. If a file with a raw data matrix is
input, either the rows or the columns may correspond to the variables for the analysis (the user will be
given the option to choose one of these). Then, the user has several options for transformation,
standardization and choice of distance measure.

PCO is written using dynamic allocation of memory and thus (theoretically) there are no limits to the size
of the matrix (rows or columns) that is entered for analysis. Please contact the author if problems (other
than the time required) are encountered in the analysis of large matrices. If you are using a Macintosh and
you get an error that reads:

BUFFER allocation failed
REWIND(UNIT=*,...

then you need to increase the memory allocated to the program. To do this, click on the program’s icon and
type “i” while holding the apple key, then choose “Memory” (or choose “Get Info > Memory” from the
File menu). Depending on the size of your matrices, you might even have to increase this value to
something obnoxious, like 50000 or so. However, if you have a large input file and cannot seem to get the

program to work even after doing this, then please contact the author.

For the output, the user chooses how many axes he/she wishes to obtain. Usually, only 2 or 3 are of interest
for ordination. The program outputs the values for each individual observation on each of the principal
coordinate axes which can be imported into any graphics package (or Excel) for plotting.



III. Questions Asked by the Program

The questions asked by the program are best demonstrated by an example. The data analysed here are from
an experiment concerning the effect of shade and the effect of proximity to the seafloor on assemblages of
subtidal invertebrates and algae on hard surfaces near marinas (courtesy of Dr Tim Glasby). For further
details see Glasby (1999).

Organisms colonising subtidal 15¢cm x 15c¢m sandstone settlement plates were counted and a total of 46
taxa were included in analyses. (Organisms that occurred less than twice were not included). The data
matrix (24 rows (samples) x 46 columns (taxa)) is contained in an ASCII text file called “Tim.txt”.

The questions asked by the program are given in Cour i er font, while responses given for this data set are
in Times bold italics. Note that you can stop the program at any time by typing Ctrl-C (as for any DOS
program) or, if you are a Mac user and this does not work, then try typing a period (a full stop) while
holding down the apple key.
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Type the nane of the input file containing your data
Tim.txt

Nature of the data in the input file:
1) raw data (n x p)

2) distance matrix (n x n)
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Type a nane for the output file of results (*.txt)

Results.txt

Note: If the program crashes it may be because you already have a file in the directory with the same name
as what you are typing here for the output file. If so, then you need to delete the previous file or type a new
name. Unfortunately, the program is not smart enough to write over the top of an existing file.

Indicate the nature of the output file you w sh:
1) Qut put =princi pal coordi nates
2) CQutput=distance matrix D
3) Qutput=Cower's centred matrix G
4) CQut put=di stance matri x based on centroids
cal cul ated from princi pal coordi nates
5) Qutput=centroids of raw data

Here, there are clearly several options. The most common of these is to wish to produce principal
coordinates. However, there are situations where you may wish to produce simply the distance matrix or
Gower’s centred matrix. In other situations, you may wish to produce a distance matrix for further analysis
which consists of the centroids from principal coordinates. This can be useful if you need to analyse
centroids in, for example, Bray-Curtis space (or other non-Euclidean space), in which case the centroids are
not the arithmetic averages of the original variables. You may also simply wish to output centroids of the
raw data. Note that if you choose options 4 or 5, the program asks you the sample size from which
centroids are to be calculated — there is unfortunately no catering here for unequal numbers of observations
per cell.



Structure of the input file:

1)
2)
1

rows are sanples and col ums are vari abl es
colums are sanples and rows are vari abl es

Choi ce of transformation

none
squar e- r oot
fourth-root

I n(x)

[ n(x+1)

| 0g10(x)

| 0g10( x+1)
presence/ absence

Choi ce of standardi zation:

none
standardi se by row (sanple) suns

st andardi se by colum (variable) suns

doubl e standardi ze by row and col utm suns

st andardi se each variable to z-scores (nornalize)
st andardi se each variable by dividing by its s.d.
st andar di se each variable by dividing by its range

Choi ce of distance neasure:

12

Note: Although the Bray-Curtis distance measure is used by many ecologists for species abundance data,
the Chi-squared distance measure, Orloci’s chord distance, or other measure may also be appropriate in
different situations. For example, the chi-square distance measure has been used extensively and is the
basis of correspondence analysis. It will tend to emphasize compositional changes rather more than changes
in abundance, compared to the Bray-Curtis measure. The CY distance measure is also useful; it is
somewhat akin to using the Bray-Curtis measure on log(x+1) transformed data, but no log transformation is
necessary. The Gower distance is somewhat akin to using the Canberra measure, but where each variable is
standardized by its range. See Legendre and Legendre (1998) for an extensive review of various distance
measures. Recall also that if you require a different measure, you may input a distance matrix directly. Note

Bray-Curtis dissimlarity

square root of Bray-Curtis
Eucl i dean di st ance

Oloci's Chord distance

Chi -square netric

Chi - squar e di stance

Hel I i nger di stance

Gower dissimlarity

CGower, excludi ng doubl e zeros
Canberra di stance

square root of Canberra distance
CY dissimlarity

Devi ance based on the binom al
Devi ance per observation (scale invariant)
Kul czynski dissinmilarity

McArdl e- Gower dissimlarity
Manhattan (city bl ock) distance
Jaccard dissimlarity

that in this case it needs to be a full (N x N) matrix.



You have chosen the CY dissimlarity neasure.

This measure nodi fies zero val ues by

addi ng a constant before taking | ogs.

Type the val ue you want for this constant
(e.g. 0.1, 0.9, etc.).

Not e: The published value for this is 0.1.

0.1

How many observations or sanples (rows) are there?
24

How many vari abl es (colums) are there?
46

How many coordi nates do you want in the output?

That is, enter the no. of dinmensions you wish to plot,
such as 2 or 3.

Type 999 if you want all of them

2

These results have been sent to the output file.
End of the program
Press g to quit.

q




The program has completed the analysis and sent results to the named output file. In this case, the output
file looks like this:
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Input file:Timtxt

No transformation
No standardi zation
Anal ysis based on CY dissimlarities
Val ue for zero replacenment was 0.100

--- Results ---

Percentage of variation explained by individual axes
i ndi vi dual cunul ative

AXi s 1 44, 534% 44, 534%

AXi s 2 22.547% 67. 081%

Princi pal Coordi nat es

Axes
Sanpl e 1 2
1 0.272 -0. 086
2 0. 261 -0. 052
3 0. 303 -0.003
4 0.281 0. 051
5 0.136 0. 013
6 0. 223 0.118
7 0.114 0. 099
8 0.172 0. 021
9 0. 139 0. 065
10 0. 164 0. 000
11 0. 105 0. 165
12 -0. 060 0. 371
13 -0.087 -0.133
14 -0.062 -0.185
15 -0. 051 -0.312
16 -0.016 -0. 329
17 -0.323 0. 076
18 -0. 259 0. 071
19 -0.283 -0.035
20 -0.199 -0.016
21 -0.304 0.123
22 -0.219 0. 043
23 -0.129 -0. 055
24 -0.178 -0. 010



The resulting two-dimensional principal coordinate plot obtained using the results of the program above is
shown below. Each observation is labeled as belonging in one of three shading treatments and occurring

either near to or far from the sea floor.

0.4
0
0.2 4
. o1 )
X m|
2 ? N
i A2 A2 o1 1
& m| N ® A Control
_‘cz» 01 AD2 A 1 o 0O Open
E A2 2 g, o ® Shade
& ° 2
1 = Near
°
-0.2 1 2 2 = Far
e
0.4 T T
0.4 -0.2 0.2 0.4

PCO Axis 1 (44.53%)

IV. References

Glasby, T.M. (1999). Interactive effects of shading and proximity to the seafloor on the development of
subtidal epibiotic assemblages. Marine Ecology Progress Series 190: 113-124.

Gower, J.C. (1966). Some distance properties of latent root and vector methods used in multivariate

analysis. Biometrika 53: 325-338.

Legendre, P. and Legendre, L. (1998). Numerical ecology, 2" English edition. Elsevier Science B.V.,

Amsterdam.

Press, W.H., Teuklosky, S.A., Vetterling, W.T. and Flannery, B.P. (1992). Numerical Recipes in
FORTRAN, 2" edition. Cambridge University Press, Cambridge.



