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Phenetic approach (multivariate methods; “pattern”; cluster
analysis, ordination methods, discriminant analysis)

Cladistic approach (parsimony analysis)

Alternative approaches to the phylogenetic reconstruction
(neighbour joining method, maximum likelihood, Bayesian 
statistical methods)

Geometric morfometrics (Booksteinove shape coordinates, 
Procrustes analysis, thin plate spline method)

Software: MorphoTools2, SYN-TAX 2000



Phenetic approach

Michel Adanson (1727-1806)

Familles des Plantes (1763)

65 different classifications, 
each based on one character 
(e.g. placentation, type of 
inflorescence ...)



Phenetic approach
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Neo-Adansonian principles

(1) The ideal taxonomy is that in which the taxa have the greatest content of information 
and which is based on as many characters as possible.

(2) A priori, every character is of equal weight in creating natural taxa.

(3) Overall similarity (or affinity) between any two entities is the function of the similarity 
of the many characters in which they are being compared.

(4) Correlation of characters differ in the groups of organisms under study. Thus distinct 
taxa can be recognized.

(5) Phylogenetic conclusions can be drawn from the taxonomic structure of a group and 
from character correlations, assuming some evolutionary mechanisms and pathways.

(6) The science of taxonomy  is viewed and practiced as an empirical science.

(7) Phenetic similarity is the base of classifications.



Phenetic approach

• Terms: numerical taxonomy (Sokal & Sneath), statistical 
systematics (Solbrig), numerical phenetics (Duncan & 
Baum), multivariate morphometrics (Blackith & Reyment)
• Operational Taxonomic Units (OTU)
• Characters, primary matrix, number of characters, 
correlations
• Coefficients expressing relationships between characters 
or objects, secondary matrix
• Multivariate methods (clustering methods, ordination 
methods, discriminant analysis)
• Different methods may yield different results
• Use of methods in the past and in current taxonomic 
practice (infraspecific variability, polyploid complexes, 
study of morphological variability in large areas, molecular 
data)



Cluster analysis
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group The affiliation of plants to defined groups predicted based on the 
established classification criterion (the absolute number and 
percentage of plants classified into individual groups)

amara austr. olot. opicii pyren. Total
amara 349 20 3 1 7 380

91.84 5.26 0.79 0.26 1.84 100.00%
austriaca 51 302 1 6 8 368

13.86 82.07 0.27 1.63 2.17 100.00%
olotensis 2 0 99 0 0 101

1.98 0.00 98.02 0.00 0.00 100.00%
opicii 1 9 0 326 42 378

0.26 2.38 0.00 86.24 11.11 100.00%
pyrenaea 1 11 0 19 207 238

0.42 4.62 0.00 7.98 86.97 100.00%

Classificatory discriminant analysis



Discriminant function for determining the species Betula pubescens and B. 
pendula:

12LTF + 2DFT – 2LTW – 23
positive values: B. pendula
negative values: B. pubescens
probability of correct identification: 93%

(Stace, C. A., 1991, New Flora of the British Isles
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W.H. Wagner, University of Michigan - Groundplan/divergence method





A Y-Z, X-Y-Z   
monophyletic groups

B X-Y paraphyletic 
groups

C X-Y polyphyletic 
groups, paralelisms

D X-Y polyphyletic 
groups, convergences



•Primitive character state
Plesiomorphy
Symplesiomorphy

•Derived character state
Apomorphy
Autapomorphy
Synapomorphy

•Homoplasy = convergences + parallelisms

•Outgroup comparison
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Geometric morphometrics



Geometrická morfometrika

A B

C D

Mutual relationships of the shapes of the species Stenoptyx diaphana (A) and 
Argyropelecus olfersi (B) – sample data from the program tpsSpline 
(http://life.bio.sunysb.edu/morph/), C – visualization of the overall 
transformation using thin-plate spline, D – the same expressed using vectors.

http://life.bio.sunysb.edu/morph/


Geometric morphometrics

a – consensus configuration with a solid line, individual object dotted;
b – superposition using the GLS method (differences in the position of 
corresponding landmark points are comparable);
c – superposition using the resistant fitting method (objects differ 
significantly in the position of a single point).
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