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Nonmetric Multidimensional Scaling mit CANOCO 4.5

WinKyst 1.0 Help Index
The WinKyst application finds a configuration of points, representing your observations (samples, cases), based on the matrix of dissimilarities (distances) among the observations. The configuration is found using the nonmetric multidimensional scaling (NMDS) algorithm. See the Winkyst algorithm topic for a more detailed description.

The distance matrix can be either specified as the input file or calculated from a primary data file that has Canoco compatible file format. WinKyst offers the most commonly used choices for distance (dissimilarity) measures when calculating the distance matrix.

WinKyst allows you to specify a priori chosen dimensionality of the solution (the number of NMDS axes) or it finds solutions for a series of dimensionalities between six axes and one axis. Then you can choose the appropriate number of NMDS axes based on a scree plot inspection.

WinKyst is able to process distance matrices for up to 1000 objects (samples). If WinKyst starts from a primary data file, the maximum number of samples is again 1000, the maximum number of species is 5000. WinKyst does not calculate configurations for sets with less than 4 objects.

The following topics discuss the algorithms employed in the WinKyst program as well as the individual options available in the WinKyst program' user interface:

Using WinKyst with Canoco 4.x package

Input file requirements

Data file transformations

Available distance measures

Selecting dimensionality

Using random perturbations

Shepard diagram

Output file format

WinKyst algorithm

Log contents

Comparing WinKyst with NMS in PC-Ord

Copyright information
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Using WinKyst with Canoco 4.x Package

WinKyst provides nonmetric multi-dimensional scaling (NMDS) method to you, the user of Canoco for Windows package. I consider the regression-based ordination methods available in the Canoco program to be the centrepiece of the whole package, but their results can be still fruitfully compared with the results from NMDS method. Additionally, WinKyst allows you to integrate into your analyses the information that is more naturally described by a matrix of inter-object distances / dissimilarities, such as the dissimilarities among experimental units subjectively evaluated by human experts.

WinKyst is able to process distance matrices for up to 1000 objects (samples). If WinKyst starts from a primary data file, the maximum number of samples is again 1000, the maximum number of species is 5000. WinKyst does not calculate configurations for sets with less than 4 objects.

If you can find an appropriate distance measure among those provided by WinKyst, we recommend that you specify the data with the response variables (the "species") as the input data file, select appropriate transformation and distance measure and perform the analysis. If you need a distance measure not directly supported by WinKyst, you must calculate the symmetrical matrix of distances elsewhere, store it into a text file and specify as the input for WinKyst.

WinKyst saves, at the end of analysis, the scores of samples on the NMDS axes into a file that will be used as a new species data file in the Canoco for Windows program. In Canoco Project setup wizard, specify the principal component analysis (PCA) method, with no transformation of species data, with the focus on inter-sample distances, no standardization or centering by samples and centering-only by species. I also recommend that you do not post-transform the species scores.

This post-processing of WinKyst results with Canoco provides following advantages:

(1) configuration of sample points calculated by NMDS algorithm is not particularly aligned with respect to axes and the application of PCA results in the principal components rotation of the original solution. Note that the application of PCA to NMDS configuration does not distort the inter-object distances at all, unless you reduce the number of considered axes.

(2) post-processing of NMDS results in Canoco enables you to plot the resulting (rotated) configuration in the CanoDraw for Windows program with all its tools available for your use.

(3) if you have any explanatory variables ("environmental variables") available to interpret the patterns in your response variables (in the "species data"), you can specify them in the PCA project in Canoco and they are regressed onto the configuration of sample points from NMDS. Note that nothing prevents you from using the NMDS scores in a constrained linear ordination (i.e. the redundancy analysis, RDA), which would represent a non-parametric alternative to the distance-based RDA (dbRDA), but so far this possibility was not considered in the published research papers.

(4) as the NMDS method is not regression-based, the interpretation of the relation of individual species' abundances to the patterns revealed by the method is always somewhat limited, with an unsecure theoretical basis. Nevertheless, two alternative methods are commonly recommended - fitting the models of linear species change across the NMDS ordination space or calculating positions of species points using the averaging algorithm. If you specify your original species data (the same you used as the input data for WinKyst) as supplementary variables in the Canoco analysis, you can display them with CanoDraw, using either of the two methods. For centroids of species, you must designate the individual species (treated as the "supplementary environmental variables" by Canoco and CanoDraw) as the 'nominal' variables. Note, however, that if you project species as "supplementary variables", their values are implicitly centered and standardized by Canoco. Alternatively, you can import the original species data file into CanoDraw and then fit various less parametric regression models (using generalized additive models or loess smoother) within the NMDS space.

You can use the example Canoco project in the WinKyst.Sample subdirectory to review options needed for post-processing WinKyst results with Canoco, displaying species scores and passively projecting environmental variables into NMDS solution.
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Input file requirements

The input file can be in one of two alternative formats:

Ordinary data file - this must be one of two standard file formats used with the Canoco software: the full format or the condensed format. The condensed format definition also includes the format supported by the original DECORANA program. WinKyst can omit less frequent species and transform the data values either by taking square-roots or by applying a log transformation. If you specify a distance measure different from Euclidean distance, the data values must be all greater or equal to zero. Additionally, WinKyst does not allow empty samples (i.e. samples with sum of species values equal to zero). If the distances based on Jaccard community coefficient or on Soerensen similarity measure were selected, the data are implicitly transformed to presence-absence form.

Matrix of distances - the file must be a pure ASCII file, with N+1 rows and N columns for a distance matrix representing dissimilarity (distance) among the N samples. The first row contains N labels for individual samples, the following N rows contain the individual values of the square, symmetrical matrix of distances. Columns in each row are separated by a TAB character. Therefore, there should be N-1 TAB characters in each of the N+1 rows.

WinKyst distinguishes among the two formats using the state of the checkbox below the input file name field. If it is checked, the input is assumed to represent a matrix of distances. In that case, the options concerning the transformation of primary data, the omission of infrequent species, and the choice of distance measure are disabled.
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Data File Transformations

The values in input data set can be transformed, before the distance matrix is calculated, using one of the two available transformations:

Square-root transformation is applied to all positive values in the matrix. The remaining ones (supposedly zeros, but this requirement is not checked during the transformation) are set to zero value.

Log transformation adds 1.0 to all values larger than zero and then calculates the natural log (ln function). The other values (supposedly zeros) are set to zero during the transformation.

WinKyst is also able to omit variables (species=columns) with less than the specified number of nonzero values. This can be used to omit very rare spaces from the calculation of distance measures.
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Available Distance Measures

When calculating the distance matrix, you can choose among eight alternative distance measures. See Legendre & Legendre (1998) for their detailed discussion and their formulas (these are also shown in the printed documentation of Canoco 4.5 package, in the chapter describing the PrCoord program).

1) Euclidean distance (preserved by the PCA on covariance matrix, i.e. with centering by species)

2) Chi-square distance (preserved by the correspondence analysis, CA)

3) Bray-Curtis distance (recommended e.g. by Legendre & Anderson 1999)

4) Square-root of Bray-Curtis distance (which is a metric measure, unlike the standard B.-C. distance)

5) Hellinger distance (advocated e.g. by Legendre & Gallagher 2001)

6) Chord distance (similarly to Hellinger distance, this one is also a "corrected" Euclidean distance)

7) Square-root of 1-Jaccard similarity measure (metric measure)

8) Square-root of 1-Soerensen similarity measure (metric measure, with the square-root used)
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Selecting Dimensionality

In NMDS method, you must set the number of dimensions, in which the points configuration is sought, before the analysis starts. In some cases, you might have a good idea what the appropriate dimensionality is. In other cases, you can attempt to evaluate the solution quality across different dimensionality and select the best one. There is a catch, however, because the pattern of increased solution quality (lower value of the stress statistic) with increasing number of axes occurs invariably for any data set. This pattern is best summarized with the so-called scree plot, as illustrated in the following figure.

Here we must make a subjective decision where the drop in the stress value is no longer worth of increasing number of NMDS axes. For the above example, this might be the case for number of axes larger than two. The solution is usually even less clear-cut, however. To obtain the scree plot and select the solution dimensionality based on its inspection, you must specify the Try all dimensions option in the WinKyst program.

If you also specified that WinKyst should perform random perturbations of the initial configuration, these perturbations are perfomed also for the individual dimensions, and the calculations can take substantial time to finish.
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Using Random Perturbations

The NMDS method sometimes suffers from the approximative nature of its algorithm. It is not guaranteed that the configuration found by the steepest descent method represents the truly global minimum with respect to the stress statistic. Therefore, an heuristic approach of trying multiple starting configurations is usually recommended.

In the WinKyst program is the chance of falling into the trap of "local" stress minimum partly circumvented by the good starting configuration, which is based on the metric multdimensional scaling (also called the principal coordinates analysis, PCoA or PCO). And this danger is further minimized by the option of using multiple starting configurations that are derived from the PCoA solution. WinKyst calculates the standard deviation of sample scores on the first PCoA axis (SD1) and then shifts each coordinate of each sample in the original configuration by a random amount. This amount is a random number with a uniform distribution from the interval (-SD1,+SD1). In this way, the initial coordinates of samples are randomly perturbed in a reasonable extent. If any of such configurations results in NMDS solution with a lower stress value than the one achieved from the non-perturbed configuration, then the new solution replaces the original one.
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Shepard Diagram

The Shepard diagram can be used to graphically evaluate the representation quality of the NMDS solution compared with the original matrix of inter-sample distances (dissimilarities). This diagram is provided by WinKyst if you check the Display Shepard diagram after analysis checkbox. When you select the Copy button in the dialog displaying the graph, not only the graph is copied to the Windows Clipboard, but also the original scores used to create this graph. You can paste them into Microsoft Excel or other program to further work with the values or to plot them elsewhere. The Shepard diagram is illustrate here:

The original distances are plotted on the horizontal axis against the inter-point distances on the vertical axis (blue points). The fitted configuration distances (Dhat values, based on the monotone regression) are shown using the red line in the graph. If the NMDS solution reproduced exactly the original matrix of distances (at least in terms of order of its values), all the point would be positioned on the red line. The larger is the spread of points around the fitted red line, the lower is the approximation quality.

Note that in this plot, the points represent the individual distances, not the original samples. This diagram takes quite a long time to plot for data with a large number of objects ("samples") and WinKyst warns you in such situations, providing opportunity to cancel graph creation.
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Output File Format

The sample scores on NMDS axes are stored in Canoco(TM) compatible file format, called the full format in Canoco documentation. The original sample labels are retained. The variables ("species") in the data file are named Ax1 .... AxM, depending on the dimensionality selected for the NMDS solution (M is between 1 and 6).
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WinKyst Algorithm

The WinKyst algorithm is based on the Kruskal's approach to non-metric multidimensional scaling (Kruskal 1964), as implemented in the original KYST2 software. We refer the reader to the publications dealing with the multidimensional scaling methods for additional explanations and discussion (Kruskal and Wish 1978, Cox & Cox 1994, Legendre & Legendre 1998).

(1) The algorithm starts from a matrix of inter-sample (inter-object) distances, marked as D in the following description (alternatively, the label "delta" - d - is often used).

(2) The initial configuration is based on the evaluation of the distance matrix using the metric form of multidimensional scaling - the principal coordinates analysis (PCoA). For a starting configuration with K dimensions, the first K principal coordinates are used, if they exist. If the number of usable principal coordinates (those with positive eigenvalues) is lower, the additional dimensions of the starting configuration are filled with zeros. Note, however, that NMDS solution with dimensionality exceeding number of positive eigenvalues in PCoA is probably unnecessarily complex one.

(3) NMDS seeks a configuration of points in the space of selected dimensionality. The requirement is that the Euclidean distances among those points (marked as d in the following description) represent well the original matrix of distances, D. The representation is considered perfect if the ordering of d values is identical to the ordering of the D values, i.e. if there exists a perfect monotone relation between d and D.

(4) This relation is characterised by a monotone least-squares regression where the "fitted values" (d-hat values) fulfil the monotone relation requirement. The discrepancy between the d-hat and d values represents the configuration "stress" and this stress value is used to represent the quality of the configuration and guide its further improvement during the iterative algorithm.

(5) WinKyst uses so-called Stress Type 1 (STRESS1) formula which is:

(6) The algorithm calculating the monotone regression must deal with the existence of ties, i.e. of groups of identical values among the original D distances. WinKyst uses so-called "primary approach to treatment of ties", where identity of D values does not imply identity of d-hat values.

(7) Alternative solutions can be sought using perturbed initial configurations.
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Log Contents

WinKyst records all the important information concerning the performed analysis into a text log that is displayed at the end of analysis for your inspection. You can copy it to the Windows Clipboard and paste it into any document. Here is a commented example of the output:

(1) Using input matrix of distances, asking for analysis with a priori chosen number of NMDS axes:

Matrix of distances (22*22) read from a file:

"D:\Data\WinKyst\towns.txt"

WinKyst here notes the size of the matrix and name of the input file.

Initial PCoA configuration found with 12 real axes

The analysis of principal coordinates (used for the starting configuration of points) had twelve axes with positive eigenvalues.

Calculating configuration in 2 dimensions

WinKyst notes that a solution in two dimensions was requested.

NMDS solution found with 24 iterations, stress = 0.03505

Stress minimum value approached

Here WinKyst summarises the NMDS results. The number of iterations is shown, as well as the final stress value. Additional information about the convergence of solution or lack of it is also shown.

Attempting 5 perturbation with max amplitude 160.37447

  PERTURBATION  STRESS VALUE

***********************

         1          0.03505

         2          0.03505

         3          0.03505  [replacing with this config]

         4          0.03505

         5          0.03505

The user requested in this analysis to try to modify the starting configuration of points using random shifts of the coordinates, with five attempts. WinKyst shows the requested parameter, the extent of the shift (displacement values are between -160.37 and +160.37) and the outcome of individual trials. Third trial resulted in a lower value of stress (although the change is negligible, not visible due to rounding of the reported value) and its solution was accepted as the final ones.

 Final stress is 0.03505

Here WinKyst repeats the achieved final stress value.

(2) Using input matrix of distances, but asking for trying all possible dimensions of the NMDS solution between 1 and 6 axes:

Matrix of distances (22*22) read from a file:

"D:\Data\WinKyst\towns.txt"

Initial PCoA configuration found with 12 real axes

The beginning part of the log above was already described.

Comparing stress across dimensions 6 to 1

** DIMENSIONALITY 6 **

Primary NMDS solution found with 200 iterations, stress = 0.01258

Exceeded the limit for iterations (200)

         1          0.01280

         2          0.01364

         3          0.01343

         4          0.01223  [replacing with this config]

         5          0.01255

** DIMENSIONALITY 5 **

Primary NMDS solution found with 143 iterations, stress = 0.01568

Stress minimum value approached

         1          0.01715

         2          0.01744

         3          0.01679

         4          0.01736

         5          0.01682

  [ . . . ]

Here WinKyst records the NMDS solution for each of the tried dimensionalities (part of the output was omitted). Note that the improvement of final configuration (using the random perturbations approach) is sought for each dimensionality separately. Also note that for the first solution with six axes, the algorithm did not converge, exceeding the limit of 200 iterations.

 CHANGE OF STRESS WITH DIMENSIONALITY

 *************************

  Dimensions    Stress

       1        0.13230

       2        0.03505

       3        0.02715

       4        0.01989

       5        0.01568

       6        0.01223

Above is the summary of results across different dimensionalities of NMDS solution. This is also presented in the form of a scree plot to the user and (s)he has the chance to select particular number of axes for the final NMDS solution. User decision is then recorded in the log and the analysis performed (the log below is shortened).

Based on scree-plot inspection, selected dimensionality is 1

*********************************

Calculating configuration in 1 dimensions

  [ . . . ]

(3) Using Canoco data file as the input, specifying log transformation and omission of rare species.

The log differs only in the initial part that is shown here:

Original data (24 samples; 35 variables) read from a file:

"D:\Code\WinKyst\validate\data.dta"

Calculated matrix of Bray-Curtis distances.

Initial PCoA configuration found with 16 real axes
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Comparing WinKyst with NMDS in PCOrd 4

The program PC-Ord version 4.0 ((C)1991-1999 by Bruce McCune and 1995-1999 by MjM Software Design) is an application frequently used among the ecologists for calculating NMDS solution. Therefore, I consider to be useful for the WinKyst users to compare it with the NMS module in PC-Ord and explain why some aspects of NMDS were implemented differently in WinKyst.

We believe that the approach and functionality of WinKyst and NMS module are essentially identical with the exceptions noted below:

(1) PC-Ord has additional parameters you can specify for the estimation algorithm (maximum number of iterations, initial step size in steepest descent algorithm, solution stability criterion and method of evaluating it). This gives additional flexibility to a power user of the software, but I feel it might mean little for the majority of the users.

(2) PC-Ord starts from a configuration of completely random point coordinates or, alternatively, allows one to specify a different configuration, typically based on the results of an ordination calculated with the other modules (like PCA or DCA). I believe that an initial configuration based on the metric form of multidimensional scaling beats the configuration based on the other ordination methods (like PCA or DCA, unless you use distance measures inherent to those methods). Starting from completely random positions may indeed result in falling into "local-stress-minima" traps and PC-Ord solves this problem by allowing multiple starting random configurations. I hope that starting from a PCoA configuration, with optional random perturbations is the more efficient approach, although no rigorous comparison was performed.

(3) PC-Ord features additional distance measures not available in WinKyst, namely relativised Soerensen coefficient and the distance based on the correlation coefficient. The later one is a good dissimilarity measure for comparing variables (species) and the ability to evaluate species with NMDS is not matched by WinKyst. On the other hand, you can import a matrix of any distances into WinKyst program.

(4) The NMDS solution can be in PC-Ord compared with the results of analysing randomized data set. Note that the null model underlying this kind of permutation test is quite different from the one used in the Canoco software. The importance values of individual species are randomly translocated among sampling units, independently of the other species. As I am not convinced that such a null model has a sound ecological basis, this approach was not adopted by the WinKyst program.

(5) And finally, PC-Ord has more rich output options. WinKyst does not enable you to see or export initial configuration used by the NMDS algorithm or the calculated distance matrix or the information about individual iterations of the iterative NMDS algorithm. Nevertheless, the primary results of the NMDS (sample scores on NMDS axes) can be supplemented by the information on change of the stress with the dimensionality and on the D and Dhat values in the WinKyst program, too.
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Copyright Information

WinKyst program was written by Petr Smilauer, Ceske Budejovice, Czech Republic, (C) 2002-2003, using portions of code from other sources:

(1) The NMDS algorithm code is based on the KYST2A program, with the following copyright note:

The authors of this software are Joseph B Kruskal, Forrest W Young, and Judith B Seery. Copyright (c) 1993 by AT&T.

Permission to use, copy, modify, and distribute this software for any purpose without fee is hereby granted, provided that this entire notice is included in all copies of any software which is or includes a copy or modification of this software and in all copies of the supporting documentation for such software. This software is being provided "as is", without any express or implied warranty. In particular, neither the authors not AT&T make any representation or warranty of any kind concerning the merchantability of this software or its fitness for any particular purpose.

This software comes from the SECOND MDS Package of AT&T Bell Laboratories. For explanation of the method this software implements, see "Multidimensional Scaling" by Joseph B. Kruskal and Myron Wish, a monograph published by Sage Publications, Beverly Hills, California, in 1978 as series 07, item 011, in the Sage University Papers, and "Multidimensional Scaling by Optimizing Goodness of Fit to a Nonmetric Hypothesis" by Joseph B. Kruskal in Psychometrika in 1964, vol 29, nos. 1 and 2, pages 1-27 and 115-129.

(2) The starting configuration for NMDS is calculated using the principal coordinates analysis and this code uses singular value decomposition (SVD) routine as implemented by the LAPACK library. This library is freeware, copyrighted by the following institutions: University of Tennessee, University of California Berkeley, NAG Ltd., Courant Institute, Argonne National Lab, and Rice University. See E. Anderson et al. (1999): LAPACK Users' Guide. 3rd Edtion. - SIAM, Philadelphia. ISBN 0-89871-447-8.

LAPACK also utilizes low-level BLAS library (C.L. Lawson et al. (1979): Basic Linear Algebra Subprograms for FORTRAN usage. - CM Trans. Math. Soft. 5: 308-323).

(3) Reading of input data files in Canoco format is based on the code of Cajo Ter Braak, and its copyright is owned by the Biometris, Wageningen, The Netherlands.
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