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A

ACCTRAN, 194

Adams consensus, 344

Adaptive clustering, 159, 160

Additive trees, 161, 162, 180

AD scale, 21, 23,75, 76

Affine transformation, 276

Affinity index, 97

Agglomerative clustering, 138,
139-155

Aggregable data, 84

Allele frequencies, 87-89

Analysis of concentration, 300

Anderberg index, 23, 63, 64,
105

Angle between vectors, 369

Angular separation, 78, 80, 81,
106

Antisymmetric matrix, 367

Apomorphy, 186, 188

Arch effect, 230-232, 248, 249,
251, 256, 257, 283

Arc sin transformation, 43-46

Area cladogram, 206, 207

Arrangement of sampling units,
12-14,27,28

Artificial organisms, 213

Association, 59, 71

Association analysis, 156-158,

Asymmetric matrix, 367
Attribute duality, 34, 35, 244
Autapomorphy, 186, 210

Average dissimilarities, 100,
117,118,151, 152

Average linkage, 144

B

Balakrishnan - Shangvi dis-
tance, 90, 91

Baroni-Urbani - Buser index,
23, 63, 66, 105

Bartlett test, 236, 266, 269

Baseline, 276

Beta diversity, 232, 258, 261

Beta flexible clustering, 148

Bhattacharyya measure, 91

Binarization, 46

Binary data, 59

Binary variables, 20, 21, 22, 98,
99, 105

Biogeography, 205-208

Biplot, 224-226, 239, 245, 283

Bisection/reconnection, 198

Bivariate scattergrams, 37, 38

By clustering, 123, 124

Block clustering, 20, 294-301

Block seriation, 206, 301, 302

Block sharpness, 294, 298

BMDP, 6, 51, 103, 170, 280,
308,361

Bonferroni problem, 266

Bookstein coordinates, 276

Bootstrapping, 28, 29

Bootstrap test, 29, 213, 220,
353

Box - Cox transformation, 45,
52,53

Branch and bound, 130, 131,
196

Branch lengths, 327

Braun-Blanquet scale, 21, 22,
75

Bray-Curtis measure, 80, 82,
87, 106

Bush, 162

C

CA, 242

Calhoun distance, 95, 96, 104

Calinski-Harabasz criterion,
165-169

Camin-Sokal character, 189

Canberra metric, 79-81, 106

CANOCO, 248, 280, 361, 363

CANODRAW, 280, 361, 363

Canonical coefficient, 250

Canonical correlation, 235,
236, 244, 266

Canonical correlation analysis,
234-240

Canonical correspondence
analysis, 249-252

Canonical variate, 235, 236,
264-267

Canonical variates analysis,
263-270

Cavalli-Sforza - Edwards
distance, 91

CCA, 234
401
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CCOA, 249

Celsius scale, 22

Centring, 39, 40, 47

Centroid clustering, 147, 148

Centroid effect method, 297

Chain effect, 142, 337

Chain length, 72

Character compatibility, 201,
202

Character evolution, 186
Character polarity, 187, 188
Character ranking, 285-294
Chernoff faces, 36, 37

Chi square, 97, 110, 156, 157,

236, 244-246, 266, 291,
295, 298, 301, 320

Chi-squared distance, 80, 84,
106, 247, 253

Chord distance, 63, 69, 78, 80,
81

Chuprow formula, 109
City block metric, 77
Cladistic differences, 324

Cladistics, 3, 25,29, 30,
175-214,278

Cladograms, 176-178, 211,
293, 324-327, 336

Clark coefficient, 80, 81, 106
Classification, 111, 135
Classification polygons, 350
CLINCH, 216

Closest pair algorithm, 140
CLUSLA, 123

Clustering, 24, 112, 135-162

Cluster membership
divergence, 325

Cluster separation, 113
Clyr;l30’s function, 43, 45, 52,
c-means clustering, 125
COA, 242
Coding, 22, 23
Coefficient-independent
partitioning, 118
Coefficient of divergence, 81

Coefficient of fuzziness, 125,
128

Coefficient of partition, 127

Coefficient of separation, 127

Coenoplane, 260

Cohesion of clusters, 112, 113,
118,143

Collinearity, 373

Combinational consensus, 344

Combinatorial clustering, 140,
141, 149
Commensurability, 25
Communality, 234, 267
Community, 17, 18, 19, 32
Comparison of results, 313-354
Con;%arison of sequences, 72,

Compatibility analysis, 201,
202

COMPCLUS, 123, 130

Complement, 59

Complete enumeration, 8, 195,
196

Complete linkage, 143-145
Complex comparison, 316
Component, 216-233
COMPONENT, 210

Component analysis
(in cladistics), 206-208

Component correlation, 221,
222

Concentration analysis, 300,
301,309

Confidence circle, 268

Congruence, 316

CONISS, 171

Consensus, 314, 340-348, 353

Consensus cladograms, 206,
345

Consensus dendrograms, 345
Consensus index, 346
Consensus ordinations, 346,

Consensus partitions, 340, 341

Consistency index, 200

Constants, 24,25

Constrained block clustering,
300

Constrained clustering, 158

Constrained ordination, 241,
249

Contingency coefficient, 108,
109

Contingency table, 60, 71, 244,
320

Continuity analysis, 262
Continuous universe, 10, 11, 13
Contour diagram, 136

Contour line, 271
Convergence, 188

Convex clusters, 115

Convex hull, 350

Cophenetic correlation, 163,
164
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Cophenetic difference, 324

COR, 234

Correlation, 24, 35, 40, 59, 64,
65, 80, 85,95, 106, 235,
287

Correspondence analysis,
241-249

Covariance, 85, 106, 287

Cramér index, 71, 105, 108

Cross partition, 296, 298, 320

Cross products, 84, 85, 106,
263

CVA, 263

Czekanowski index, 78, 79, 82

D

Data, 20-29, 33

Data exploration, 1-4
Data matrix, 33

Data space, 34, 35, 57
Day’s sigma, 322

DCA, 248
DECORANA, 246, 280
Deformation, 276
DELTRAN, 194

Dendrogram, 136, 137, 309,
324-327, 336

Determinant, 370-372, 375
Detrended correspondence
analysis, 248
Detrending, 231, 248
Deviant index, 97
Diagonal matrix, 366
Dice coefficient, 35, 68
Dichotomizing, 21, 25
Dichotomy, 137, 178
Dimensionality, 373, 374
Direct gradient analysis, 233
Discordance coefficient, 76
Discrete sampling universe,

Discriminant analysis, see Ca-
nonical variates analysis

Dispersion, 264

Dissection, 112

Dissimilarity, 58, 98

Distance, 55-58, 108, 181, 270

Distance for mixed data, 99,
105

Distance-optimizing classifica-
tion, 141-149

Distortion, 163

Distribution of dissimilarity,
331, 339, 340
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Distribution of variables, 26,
44,52

Diversity, 229

Division, 135

Divisive clustering, 138,
155-159, 298

DNAML, 205

DNAPARS, 199

Dollo characters, 189

Domin scale, 22

Double centring, 48, 49

Double matrix approach, 140

Double permutation algorithm,
337

Double standardization, 50
Double zeros, 60, 61
d-SAHN clustering, 139
Durschnitt consensus, 344

E

Eckart - Young theorem, 376

Edge effect, 13, 19

Edge matching, 327

EFA, 275

Eident value, 291

Eigenanalysis, 235, 243, 255,
264

Eigenshape analysis, 272-274

Eigenvalue, 218, 219, 374-376

Eigenvector, 218,219, 374, 375

Elementary comparisons, 316

Ellenberg index, 80, 84, 106

Ellipses of equal concentration,
350

Elliptic Fourier analysis, 275

Energy matrix, 277

Entropy, 92, 100, 101, 127,
152, 157,298

Estimation, 9, 17, 29, 30, 32

EU, 177

Euclidean biplot, 224

Euclidean distance, 22, 55-60,
62,63, 77,78, 80, 81, 88,
93, 94, 100, 105, 106, 109,
115, 164, 255, 317, 319,
326,370

Euclidean space, 57, 58, 108,
256

Evolution, 175, 176
Evolutionary distance, 73, 102
Exact test, 332

Exclusive hierarchy, 135
Expected resemblance, 18
Explanatory power, 169

Explanatory variables, 168, 169

F

FA, 233

Factor analysis, 233, 234, 279

Fager index, 68

Faith index, 63, 67, 80, 106

Farthest neighbor clustering,
see Complete linkage

FITCH, 185

Fitch character, 189, 192

Fitch - Margoliash method,
183,184

Fitted score, 225

Flexible clustering, 148, 149,
152

Flexible path adjustment, 257,
258

Florula diversity, 17, 18

Fourier analysis, 273, 275

Four-point metric, 161, 162,
185

F-ratio, 267

Fuzzy clustering, 124-130, 172

Fuzzy consensus, 343

Fuzzy partitions, 124, 323, 335,
342

Fuzzy sets, 124, 281

G

Garcia - Proth criterion, 301
Generalized distance, 93, 94
Generalized inverse, 373

Generalized Procrustes method,
277,347

Generalized variance, 219
Genetic algorithm, 131, 132
Genetic distance, 87-91

Geodesic metric, 78, 80, 81,
106

Gleason index, 80, 83, 84, 106

Global optimization clustering,
152-154

Goodman - Kruskal gamma, 76,
105

Goodman - Kruskal lambda, 71,
72, 105, 321

Gower index, 87, 98, 99, 105,
109

Gradient, 231, 232, 248, 262

Gradient analysis, 233

Graphical comparison, 318,
327,348,349

Grid, 14,15
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Groundplan/divergence, 191

Group average clustering, 144,
145

H

Hamann index, 63, 66
Hamming distance, 72
Hardness scale, 21

Hard partition, 113, 334, 343
Harmonic amplitude, 273
HENNIG, 209, 210
Hennig’s method, 190, 191
Heterogeneity, 99-101

Heuristic search, 131, 139,
197, 198, 298, 310

Hierarchical clustering, 135-
174, 293, 295
Hierarchical consensus, 342
Hierarchy, 135, 136
Hillis distance, 90
Holophyletic, 179
Homogeneity, 99, 139, 149
Homogeneity-optimizing
classification, 139,
149-152

Homoplasy, 188, 200
Homoscedascity, 265
Horn index, 92

Horseshoe effect, see Arch
effect

Hotelling T2, 265

h-SAHN clustering, 139

HTU, 177

Hypothesis testing, 1, 29, 31,
314, 331-340

I

Idempotent matrix, 369
Identification, 112
Identity matrix, 366

Importance of variables, 286,
292-294

Inclusive hierarchy, 135

Incremental sum of squares
clustering, 150

Indel, 72
Indirect gradient analysis, 233
INDSCAL, 284

Information theory clustering,
152, 157

Information theory measures,
22,100, 101, 104, 152

Ingroup, 182, 187

Interaction, 295
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Intermediate coefficients, 61,
80, 87, 108
Interset correlations, 239

Inter-type comparisons, 314,
348-350

Interval scale, 21, 23, 76-87, 99
Intra-type comparisons, 314
Invariants, 203

Inversion of matrices, 264, 372,
373

Irreversible characters, 189,
190

ISODATA, 117
Isodensity circles, 268, 269
Isolation, 341

Iterative methods, 114, 155,
197, 243, 258, 298, 309

J

Jaccard index, 23, 63, 68, 98,
106, 319

Joint plot, 245, 246, 251

Jukes-Cantor evolutionary
distance, 73, 102

K

Kaiser criterion, 220

Kelvin scale, 22

Kendall difference, 80, 86, 87,
106, 108

Kendall TAU, 74, 75, 105

Kleiner-Hartigan trees, 36, 37

K-means clustering, 114-117,
120, 143,292

K-medoid, 132
Kulczynski index, 63, 69, 80,
83, 106

L

Lake’s method, 202
Lambda flexible clustering,

Landmarks, 39, 270, 275, 276

LC scores, 250

LDFA, 263

Leader algorithm, 122, 297

Least squares method, 183

Linear combination, 373, 376,
219, 250

Linear data structures, 217,
230, 232

Linear dependence, 373
Linear standardization, 40
Linear transformation, 43

Linguistics, 176, 177
LNMDS, 262

Logarithmic transformation, 22,
43,44, 52,53

M

MacClade, 199, 209, 364
Mahalanobis biplot, 225
Mahalanobis distance, 93, 94
Majority rule, 167, 341, 344

Manhattan metric, 77, 78, 80,
87, 96, 106-108

MANOVA, 1, 263
Mantel test, 333, 334, 337

Marczewski - Steinhaus index,
80, 82, 106

Matrix, 33, 56, 365-376,
Matrix algebra, 365-376,
Matrix arithmetics, 367-369

Matrix comparison, 317, 319,
324,333,348

Matrix correlation, 317

Matrix multiplication, 367-369
Matrix plot, 318, 349

Matrix product, 368

Matrix rearrangement, 285,
303,304

Matrix shading, 302
Matrix space, 35

Maximum likelihood method,
204,205

Maximum, standardization by,
42,48

MDA, 263
MDS, 253

Mean character difference, 78,
98

Median clustering, 148

Median consensus, 341, 342,
344

Membership weights, 124

Meta analysis, 316, 328

Methodological sequences, 4, 5,
32

Metric, 55, 58, 59, 63

Metric axioms, 56, 58

Metric multidimensional
scaling, 253

Midpoint rooting, 182
MINDMT, 321, 323
Minimum evolution, 179

Minimum evolution method,
184

Subject index

Minimum spanning tree, 160,
161, 350

Minimum variance clustering,
150, 151

Minkowski formula, 78
Minor, 372
Misclassification, 158

Misclassification index, 321,
322

Missing data, 23, 24, 98, 99

MIX, 198

Mixed data, 23, 97-99

Mode analysis, 159

Molecular clock, 180

Molecular parsimony, 199

Monophyletic, 178,179

Monothetic classification, 138,
156

Monotone regression, 258

Monte Carlo simulation, 315,
331-340

Morphometry, 270-279

Mountford index, 69, 70, 106

Multidimensional scaling,
252-262

MULTI-PATTERN, 28

Multiple fusion, 141

Multiple partitioning, 119, 120

Multiple regression. 250

Multistate variables, 20, 70

Multivariate normality, 26, 265

MULVA, 280, 363

N

Nearest neighbor clustering,
see Single linkage

Nearest neighbor interchanges,
197, 327
Needleman - Wunsch method,

Negative eigenvalues, 108, 256
Negative scores, 24, 25

Nei distance, 89, 90
Neighborhood criterion, 305
Neighbor joining, 181-183
Nested sampling, 13, 14
Niche breadth, 92

Niche overlap, 91

NMDS, 258

Nodal analysis, 295
Nominal scale, 20

Nominal variables, 20, 70, 71,
98, 99, 100, 105, 186, 251

Non-centred PCA, 228-230
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Non-hierarchical clustering,
111-133

Non-linear data structures, 231,
257

Non-metric multidimensional
scaling, 258-262

Normalization, 42, 47

NP-completeness/hardness,
196,

n-trees, 136

NT-SYS, 51, 103, 141, 170,
280, 281, 351, 361

Nucleic acids, 73, 102, 199,
202-205

NuCoSA, 51, 103, 170, 280,
281, 363

Null matrix, 367

Number of cladograms, 195,
196

Number of classifications, 131,
173,174

Number of clusters, 165, 166

0)

Objects, 34, 39, 46-50, 52

Oblique coordinates, 93-95

Ochiai index, 68, 106,319

Ontogenesis, 187

Ordered character, 189

Ordered series, 62, 66, 76, 77

ORDIFLEX, 280

Ordinal scale, 21-23

Ordinal variables, 21, 73-76,
98,99, 105

Ordination, 155, 160, 215-284,
293, 304, 309, 328-330,
338, 339, 346

Orthogonality, 369, 370
Orthonormality, 218, 370
OTU, 30, 177

OUC, 313, 314

Outgroup, 182, 187

Outliers, 122, 143, 161
Outline, 271

Overall comparisons, 316-331

Overlapping custers, 123, 124,
172

P

PAIRBONDS, 319
Pairwise comparisons, 317-

Pandeya coefficient, 80, 84,
106

PARAFAC, 284

Parallel evolution, 188
Parameter, 9

Parametric mapping, 262
Paraphyletic, 178, 179

Parsimony, 179, 180, 190,
192-194

Partial block clustering, 296,
297

Partial warps, 277

Partition, 111, 113-123,292,
318-320, 334, 340

Partition coefficient, 127

Partitioned matrix, 367

Partition entropy, 127

Partition membership diver-
gence, 325

Partition metric, 327

Path difference, 324

Patristic distance, 161, 185, 325

Pattern, 10, 11, 17, 18, 27, 32,
101

PAUP, 209, 210, 351, 364

PCA, 216

PCO, 253

PCoA, 253

PC-ORD, 308

PCP, 216

Penrose coefficients, 92, 93

Percentage contributions, 223

Percentage difference, 82

Periodicity, 15

Permutation test, 251, 332, 333

Phenetics, 169

PHI coefficient, 23, 63, 65, 70

PHYLIP, 6, 180, 185, 198, 199,
205,209,210, 351, 363

Phylogenetics, 170

Pictograms, 36

Pilot sampling, 17

Pinkham - Pearson coefficient,
80, 83

Planned comparisons, 315

Plesiomorphy, 186, 187

Plexus graphs, 310, 311

Plotless sampling, 19

Plots, 11

Polar ordination, 281

POLYDIV, 156

Polymorphic character, 190

Polynomial ordination, 231,
248

Polyphyletic, 178, 179

Polythetic classification, 138,
155
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Polytomy, 137

Pooled entropy, 157
Population, 8, 94

Positive definite, 59, 372
Power transformation, 43-45
Predictive power, 321
Preferential sampling, 9, 31

Presence/absence, 17, 22, 23,
59, 101, 294, 297

Presence/absence coefficients,
60-70

Prevosti distance, 89

Principal components analysis,
216-235, 240, 246, 255,
263,272,277, 278, 289

Principal coordinates analysis,
253-256, 283

Principal curves, 283
Principal factor method, 234
Principal warps, 277

Probabilistic similarity index,
96, 97, 104

Probability ellipses, 350

Procrustes analysis, 276,
328-330, 339, 352, 370

Proteins, 73, 212
PROTPARS, 212

Q

Q-mode analysis, 35
Quadrat, 14, 15,17, 18
Quadratic form, 57, 369
Qualitative data, 20, 31
Quantitative data, 20, 31
Quartet metric,352
Quick partitioning, 120-122,
172

R

RA, 242

Radius funcion,. 271, 272
Rand index, 319
Randomization test, 332
Random plots, 27
Random points, 13

Random sample, 9, 12, 13, 14,
27

Random variables, 20
Random walk, 12, 13

Range of an object, 47-49, 54
Range of a variable, 40

Rank correlation, 74, 164
Ranked distances, 258
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Ranking, characters, 285-294 a
posteriori, 256, 292 a priori,
286

Rank of a matrix, 220, 373, 374

Ranks, 73-75

Ratio scale, 22, 23, 76-87

RDA, 241

Rearrangement of matrices,
293,294, 330

Reciprocal averaging, 242, 249

Reciprocal nearest neighbors,
140

Recurrence formula, 141, 149
Redundancy, 240
Redundancy analysis, 241
Regression, 1, 24

Relative divergence, 301
Relative warp analysis, 277

Renkonen index, 86, 91, 106,
107

Resampling, 28

Resemblance, 104

Residuals, 286, 288, 290
Response curves, 230-232, 248
Retention index, 200, 201

Reversal in hierarchy, 138, 147,
148, 181

Reversal of a character, 188
Reversible character, 189
R-mode analysis, 35
Robinson property, 305-307
Robustness, 26

Rogers genetic distance, 88

Rogers-Tanimoto index, 23, 62,
63,70, 105

Rohlf biplot, 226

Root, 136, 177

Rotating diagrams, 37, 38
Rotation matrix, 370

Russell - Rao index, 63, 67,
102, 105

Ruzickaindex, 83

S

SAHN methods,

Sample. 8, 11, 31

Sample size, 11, 12, 17, 27
Sample space, 35
Sampling, 7-20, 28-31, 52
Sampling error, 10
Sampling frame, 12
Sampling interval, 15
Sampling simulation, 27, 28

Sampling unit, 9, 10, 11, 16, 18,
27,31, 34,52

Sampling universe, 8, 9, 10

Scalar, 366

Scalar product, 367

Scale, 27

Scaling, 215

Schoener index, 91

Scree diagram, 220

Semi-systematic sampling, 15,

Separation of clusters, 112, 118

Sequences, 72, 73

Seriation, 302-207, 330

Shape coefficient, 92, 93

Shape coordinates, 276

Shape function, 274

Shape of sampling units, 18, 19

Shape transformation. 46

Shepard diagram, 259, 260

Shortest path adjustment, 257

Sigma metric, 322

Significance test, 1, 331, 339,
340

Similarity, 59, 61
Similarity ratio, 80, 86, 106
Simple average clustering, 147

Simple matching coefficient,
21,23, 62, 63, 66, 70, 105,
319

Simple ranking, 290, 291
Simulated sampling, 27,28

Single linkage clustering, 142,
143,160, 182

Single linkage resolution, 141

Singular matrix, 372

Singular value decomposition,
225,376

Sister group, 178

Size coefficient, 92

Sokal - Sneath index, 23, 35,
63, 68, 105

Sorensen index, 23, 35, 63, 68,
319

Space complexity, 139, 140

Space (spatial) series, 15, 26,
32,52, 172,283

Spacing, 15

Spearman RHO, 74, 99, 105

Species associations, 18

Species combinations, 17, 18

Species/environment correla-
tion, 251
Spectral decomposition, 375

Subject index

Spherizing, 265
Square matrix, 366

Square root transformation, 22,
44

Stability, 164, 165

Standard deviation, 40

Standardization, 3942, 46-50

Standardized PCA, 226

Star diagrams, 36

Statistica, 4, 51, 103, 170,
280, 308, 361

Steepest descent, 260

Stinebrickner consensus tree,
352

Stirling formula, 131, 298
Stored data approach, 140, 151
Stored matrix approach, 140
Stratified sampling, 14, 16
Stratigraphic character, 190
Stress, 259

Strict consensus, 341, 344
Structure coefficients, 267
Structure correlation, 238
Suboptimal fusions, 141
Subsampling, 13

Subtree membership diver-
gence, 325

Successive approximation, 32

Sum of squares, 99, 100, 150,
155, 166, 287, 288, 298

Sum of squares clustering, 150,

Superposition methods, 276
Symmetric matrices, 367
Symmetry axiom, 56
Symplesiomorphy, 186
Synapomorphy, 186
SYN-TAX, 28, 51, 103, 141,
ég(l) 280, 308, 337, 351,

Systematic sampling, 14, 15,
28

T

TABORD, 308

Taxonomy, 30, 31, 169, 179,
211

Ternary plots, 128, 129
Thin plate spline, 277
Three-way matrix, 284

Tie resolution, 140, 141
Ties, 74, 140

Topological difference, 324
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Total, standardization by, 42,
48

tpsRelw, 280
tpsSplin, 280

Trace of a matrix, 367
Transect, 14, 15

Transformation, 37, 43-46, 50,
51,53

Transformation metrics, 321
Transitional formuale, 242, 243
Transitions, 73, 199, 203
Transpose of a matrix, 367
Transversion parsimony, 203
Transversions, 200, 203

Travelling salesman problem,
305,310

Tree, 176, 180, 190, 192, 193
Tree length, 180, 190, 192, 193
Tree reconstruction, 192
TRGRPS procedure, 130
Triangle inequality, 56, 57
Triplot, 252

TWINSPAN, 155, 156, 171,
302, 304, 308

Two-way joining, 296, 297
Type of results, 314, 348

U

Ultrametric, 138, 156, 163, 327

Ultrametric dissimilarity, 327

Unaligned sampling, 16

Unconstrained block clustering,
296

UNI, 102

Unimodal response, 248

Uniquely derived character, 190

Unit length, 42

Unordered character, 189

Unplanned comparisons, 315,
339,340

Unresolved tree, 178

UPGMA, 144, 149, 180, 182

UPGMC, 148

Uppsala coefficient, 80, 87

v

Validity, 165

Variables, 12, 34, 39-45, 52,
93, 286-291

Variance, 17,92, 94, 100, 150,
239

Variation, 10

Vector, 366
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Vector length, 369

Vector normalization, 42, 48,
49, 369
Vicariance, 205

w

Wagner character, 189, 194,
195

Wagner method, 185, 186
Wagner tree, 185

WA scores, 250, 251
Weighted averaging, 242, 249
Weilg{l(t)ed dissimilarity, 109,

Weighting, 25, 38, 93, 109,
110, 175

Wilk’s lambda, 266
WPGMA, 147
WPGMC, 148

Y
Yule index, 23, 63, 65, 66, 105

Z

Zahn - Roskies shape function,
274, 275



