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1. characters

2. character weighting

3. indices describing characters

4. summary

1. home exercise



000000000111
123456789012

characters

terminals

HOME EXERCISE

A    010111011111
B    111000101010
C    101100100001
D    100011001000
E    100001100111
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Tree      1  2  3  4  5  6  7  8  9 10 11 12
--------------------------------------------

1      1  1  2  2  2  2  2  1  2  2  1  2
2      1  1  2  2  2  2  2  1  2  2  2  2
3      1  1  2  2  2  2  2  1  1  2  2  2
4      1  2  2  1  2  2  2  1  2  2  2  2
5      1  2  2  1  2  2  2  1  2  2  2  1
6      1  2  2  1  2  2  2  1  2  2  2  2
7      1  2  2  2  2  2  2  1  2  1  1  2
8      1  2  1  2  2  1  2  1  2  1  2  2
9      1  2  2  2  2  2  2  1  2  1  2  1

10      1  2  2  2  2  2  2  1  1  2  2  1
11      1  2  2  2  2  2  2  1  2  2  1  2
12      1  2  1  2  2  1  2  1  2  2  2  2
13      1  2  2  2  1  2  1  1  1  2  2  2
14      1  2  2  2  1  2  1  1  2  2  2  2
15      1  2  1  2  1  1  1  1  2  2  2  2

characters

trees ∑

20
21
20
21
20
21
20
19
20
20
21
20
19
20
18

0  0  0  0  0  0  0  0  0  1  1  1
1  2  3  4  5  6  7  8  9  0  1  2



Tree      1  2  3  4  5  6  7  8  9 10 11 12
--------------------------------------------

1      1  1  2  2  2  2  2  1  2  2  1  2
2      1  1  2  2  2  2  2  1  2  2  2  2
3      1  1  2  2  2  2  2  1  1  2  2  2
4      1  2  2  1  2  2  2  1  2  2  2  2
5      1  2  2  1  2  2  2  1  2  2  2  1
6      1  2  2  1  2  2  2  1  2  2  2  2
7      1  2  2  2  2  2  2  1  2  1  1  2
8      1  2  1  2  2  1  2  1  2  1  2  2
9      1  2  2  2  2  2  2  1  2  1  2  1

10      1  2  2  2  2  2  2  1  1  2  2  1
11      1  2  2  2  2  2  2  1  2  2  1  2
12      1  2  1  2  2  1  2  1  2  2  2  2
13      1  2  2  2  1  2  1  1  1  2  2  2
14      1  2  2  2  1  2  1  1  2  2  2  2
15      1  2  1  2  1  1  1  1  2  2  2  2

∑

20
21
20
21
20
21
20
19
20
20
21
20
19
20
18

BEST HYPOTHESIS

- smallest number of changes from one character state to another

- largest part of resemblance between terminals explained by their shared
HISTORY (descent from common ancestor)

0  0  0  0  0  0  0  0  0  1  1  1
1  2  3  4  5  6  7  8  9  0  1  2

characters

trees
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Tree      1  2  3  4  5  6  7  8  9 10 11 12
--------------------------------------------

1      1  1  2  2  2  2  2  1  2  2  1  2
2      1  1  2  2  2  2  2  1  2  2  2  2
3      1  1  2  2  2  2  2  1  1  2  2  2
4      1  2  2  1  2  2  2  1  2  2  2  2
5      1  2  2  1  2  2  2  1  2  2  2  1
6      1  2  2  1  2  2  2  1  2  2  2  2
7      1  2  2  2  2  2  2  1  2  1  1  2
8      1  2  1  2  2  1  2  1  2  1  2  2
9      1  2  2  2  2  2  2  1  2  1  2  1

10      1  2  2  2  2  2  2  1  1  2  2  1
11      1  2  2  2  2  2  2  1  2  2  1  2
12      1  2  1  2  2  1  2  1  2  2  2  2
13      1  2  2  2  1  2  1  1  1  2  2  2
14      1  2  2  2  1  2  1  1  2  2  2  2
15      1  2  1  2  1  1  1  1  2  2  2  2

∑

20
21
20
21
20
21
20
19
20
20
21
20
19
20
18

0  0  0  0  0  0  0  0  0  1  1  1
1  2  3  4  5  6  7  8  9  0  1  2

characters

trees

number of character states= n

MINIMUM number of evolutionary changes= n-1



www2.hawaii.edu/~donaldp/Biostatitics/

stem height

number
of lvs

d(A,%B)%=%∑%|%X(Ai)%- X%(Bi)%|%



A E

D

C

B



0 0 0 0 0 0 0 0 0 1
1 2 3 4 5 6 7 8 9 0

Laji A 0 0 1 0 0 0 1 0 1 0
Laji B 0 1 0 1 0 1 0 0 0 0
Laji C 0 1 1 1 0 0 0 0 0 1
Laji D 1 0 1 0 1 1 0 0 0 1
Laji E 0 0 0 0 1 1 0 1 0 1

A         B         C       D    E



A 1 0 0 0 0 1 0 0 0 0     

1. 2.  3. 4.  5.  6. 7.  8.  9. 10.

B 1 0 1 1 1 1 1 1 1 1
C 0 1 1 0 0 1 1 1 1 0
D 1 0 0 0 0 1 1 0 0 0
E 1 0 1 0 1 1 1 1 1 0

terminals

characters







observations about compared organisms

interpretation

coding as characters and their states



COMPARATIVE STUDY OF CHARACTERS

TAXONOMIC CHARACTERS
= potentially useful for phylogenetic analysis



Wiley´s 3 conditions for characters to be useful in 
cladistic analysis:

3. variation controlled genetically, not induced by 
environment

2. observed variation shows regularity

1. variation between compared terminals

from the level of single nucleotides to 
macromorphology

ALL assumedly homologous characters that show 
VARIATION between terminals are POTENTIALLY 
useful for infering phylogeny

transformation series, character
character, character state

TAXONOMIC CHARACTERS



we can use for example the following when trying to 
find potential homologies:

1. topology (position)

2. external similarity

3. “continuum” between character states

TAXONOMIC CHARACTERS



1. PRELIMINARY hypothesis about homology

3. with cladistic analysis we ”test” these preliminary
hypotheses against those made for other characters-->

observed similarities between
compared terminals are interpreted as 
homologies (NULL hypothesis)

2. distinguish character STATES

TAXONOMIC CHARACTERS



ALL SYNAPOMORPHIES are homologies
all homologies ARE NOT synapomorphies

TAXONOMIC CHARACTERS

HOMOLOGY = shared feature inherited 
from common ancestor

ATTENTION! level of observation

hypothesis about homology either accepted or
rejected





petal color: white (0), yellow (1), orange (2)
red (3), blue (4)

teeth by lf margins : present (0), absent (1)

binary characters (only 2 character states) 
coded 0 & 1

in many characters numerous character states can be 
distinguished , coded 0, 1, 2, 3, 4, etc. A C G  T

TAXONOMIC CHARACTERS



Wiley´s 3 conditions for characters to be useful in 
cladistic analysis:

3. variation controlled genetically, not induced by 
environment

2. observed variation shows regularity

1. variation between compared terminals

from the level of single nucleotides to 
macromorphology

ALL assumedly homologous characters that show 
VARIATION between terminals are POTENTIALLY 
useful for infering phylogeny

transformation series, character
character, character state

TAXONOMIC CHARACTERS



QUANTITATIVE characters, ch. state 
distinction impossible/problematic

continuous characters & landmark data

VARIATION still observed between terminals

TAXONOMIC CHARACTERS

numerous case studies have shown that also these kind 
of characters DO include valuable phylogenetic 
information 

most advanced applications allow use of these 
characters directly & together with other kind of 
characters e.g. with program TNT



alignment criteria). The position of an individual land-
mark is specified by values along two or three dimen-
sions (in contrast with the unidimensionality of a
continuous character). How to establish ancestral states
for a character that changes in three dimensions has
never been proposed. The most logical approach is to
use a 3D extension of Farris optimization, or spatial
optimization, choosing for each ancestral point the
positions that minimize the displacement D of this
landmark along all ancestor ⁄descendant pairs. Let d (p,
q) be the Euclidean distance between p and q, and b the
number of branches in the tree.1 Thus the coordinates
for the point in each ancestor have to be chosen such
that the sum D of displacements:

D ¼
Xb

n¼1
d n; ancestor nð Þ
! "

is minimum. Such a spatial optimization is perfectly
akin to standard parsimony analysis. For continuous
characters, Farris optimization (Farris, 1970; Goloboff
et al., 2006) finds the values for the ancestral nodes that
minimize ancestor ⁄descendant differences (Fig. 1a). In
two or three dimensions instead, where the position of
each point in space is defined by coordinates x, y, z, the

coordinates for ancestral points that minimize the sum
of distances between the ancestor ⁄descendant points
must be found (Fig. 1b). When the points are collinear,
and thus can be represented by a single continuous
character (Fig. 2), the spatial optimization becomes
identical to Farris optimization (both numerically and
conceptually).

For a node in the tree that connects an ancestor and two
descendants (A, B, C, already positioned), the point P (see
Fig. 1b) which minimizes the sum of distances to the
three vertices of the triangle ABC can be calculated
analytically. This point is known as the Fermat point (so
called because Fermat posed this problem as a challenge
to Torricelli, who solved it geometrically in the early
1600s) or first isogonic center (so-called because, in
triangles with all angles below 120!, —APB = —APC =
—BPC = 120!). For three points, the ‘‘tree’’ formed by
the segments AP, BP and CP is the same as the Euclidean
Steiner tree. For more than three points connected to a
single internal node (a polytomy), the point P which
minimizes the sum of distances is known as the geometric
median, and cannot be found by analytical means
(requiring heuristics).

Finding the point positions that, for a given
tree, minimize the total displacements between all
ancestor ⁄descendant points for the given landmark is

Fig. 2. A set of collinear points. In this case, landmark optimization
produces the same results as Farris optimization.

Fig. 1. Comparison between (a) Farris optimization and (b) 3D
landmark optimization. In Farris optimization, the sum of the
numerical differences between states is minimized. In landmark
optimization, the distances between landmark positions are minimized.

1the Euclidean distance between two points p, q is [(px ) qx)
2 +

(py ) qy)
2 + (pz ) qz)

2]½, which in the case of two dimensions
reduces to [(px ) qx)

2 + (py ) qy)
2]½.

540 S.A. Catalano et al. / Cladistics 26 (2010) 539–549

Catalano, S.A. & al. 2010. Phylogenetic morphometrics (1): the use of landmark data in a 
phylogenetic framework. Cladistics 26: 539-549.

Min (DAP + DBP + DCP



http://cdn.palass.org/palaeomath_101/moribund/images/eigen2
/Fig2.jpg



Goswami, A. &  al. 2011. Biting through constraints: cranial morphology, disparity and 
convergence across living and fossil carnivorous mammals. Proceedings of the Royal Society, B 
Biological Sciences 278: 1831-1839.



 216 Annals of the
 Missouri Botanical Garden
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 FIGURE 17. Distribution of pollen exine foot-layer thickness among sampled species of Euphorbiaceae. A circle
 (solid for species with the foot-layer homogeneous and open for species with the foot-layer irregular or absent) indicates
 the mean thickness, a vertical bar the range, and a rectangle two standard deviations on either side of the mean (N
 = minimum of 10 measurements from one to three grains). Species are arranged by increasing thickness within a
 subfamily, with the Phyllanthoideae on the left and the Oldfieldioideae on the right. Dashed lines separate size-classes
 that we considered potential character states. Abbreviations for species names: AMgu = Amanoa guianensis, AMst
 = Amanoa strobilacea, ANjo = Androstachys johnsonii, ANme = Antidesma membranaceum, ANve = Antidesma
 venosa, APfa = Aporusa falcifera, ARmo = Aristogeitonia monophylla, CEme = Celaenodendron mexicanum,
 CHma = Choriceras majus, CRna = Croizatia naiguatensis, DIba = Dissiliaria baloghioides, DIch = Didymocistus
 chrysadenius, DRla = Drypetes lateriflora, HYac = Hymenocardia acida, HYal = Hyeronima alchorneoides,
 HYgl = Hyaenanche globosa, HYul = Hymenocardia ulmoides, KAph = Kairothamnus phyllanthoides, LObu =
 Longetia buxoides, MAdi = Margaritaria discoidea, MIhe = Micrantheum hexandrum, MIze = Mischodon
 zeylanicus, NEba = Neoroepera banksii, NEbu = Neoroepera buxifolia, OLaf = Oldfieldia africana, PAma =
 Parodiodendron marginivillosum, PAsu = Paradrypetes subintegrifolia, PEpu = Petalostigma pubescens, PEqu
 = Petalostigma quadriloculare, PItr = Piranhea trifoliata, POlo = Podocalyx loranthoides, PSdi = Pseudanthus
 divaricatissimus, SCol = Scagea oligostemon, SEdu = Securinega durissima, STme = Stachyandra merana, STpo
 = Stachystemon polyandrus, STru = Stachyandra rufibarbis, TEdi = Tetracoccus dioicus, VOeu = Voatamalo
 eugenioides, WHte = Whyanbeelia terrae-reginae.

 Longetia, Fig. 23). Finally, we interpreted

 the exine of Amanoa guianensis (Fig. 14) as

 lacking a tectum; the echinae of this taxon

 we believe to be homologous to columellae.

 Evidence for this interpretation is the different

 structure of these echinae (distally rounded,

 unlike all other investigated taxa, which have

 sharply pointed echinae) and the probable ho-

 mology of the echinae of Amanoa guianensis

 with the columellae of the related Amanoa

 strobilacea (Fig. 15).

 Tectum thickness varied considerably
 among the taxa we examined (Fig. 26). The

 variation was almost continuous, however, with

 the only supportable breaks associated with

 single taxa and therefore leading to phyloge-

 netically uninformative autapomorphies if

 coded as separate states. We therefore did not
 use tectum thickness as a character.

 10. Ektexinous periapertural thickenings. The

 pollen of most of the taxa we examined had

 much thicker exine around the apertures than

 in the nonapertural regions. In most cases

 these thickenings were formed by the endex-

 ine, but in a few genera the thickenings were
 formed by the ektexine; in no cases did we

 observe both endexinous and ektexinous thick-
 enings. Occasional taxa had no apparent thick-

This content downloaded from 128.214.78.3 on Thu, 03 Nov 2016 15:11:33 UTC
All use subject to http://about.jstor.org/terms

Levin, G.A. & Simpson, M.G. 1994. Phylogenetic implications of pollen ultrastructure in the 
Oldfieldioideae (Euphorbiaceae). Annals of the Missouri Botanical Garden 81: 203-238.



Goloboff, P. & al. 2006. Continuous characters analyzed as such. 
Cladistics 22: 589-601.

k/(m+k);  k = constant, m = min. 
number of steps between ch. states

Ch. A binary

B 8 states
3/(2+3) = 0,6

3/(8+3) = 0,27



also LACK of some structure might provide useful 
information

reduction, neoteny

TAXONOMIC CHARACTERS





0 0 0 0 0 0 0 0 0 1
1 2 3 4 5 6 7 8 9 0

Laji A 0 0 1 0 0 0 1 0 1 0
Laji B 0 1 0 1 0 1 0 0 0 0
Laji C 0 1 1 1 0 0 0 0 0 1
Laji D 1 0 1 0 1 1 0 0 0 1
Laji E 0 0 0 0 1 1 0 1 0 1

A         B         C       D    E



SUPERFICIALLY TWO THINGS ARE SAME BUT
PROVE TO BE DIFFERENT WITH DETAILED STUDY

reciprocal illumination

TAXONOMIC CHARACTERS

characters ------> matrix  <------- cladistic analysis

much homoplasy, suspicious -----> return to study &   
evaluation of characters 



TAXONOMIC CHARACTERS

characters used in phylogenetic analyses are assumed to 
be independent of other characters NO genetic correlation

ALL these considered to be equally valuable = 
potentially useful for phylogenetic analyses



0""0""0""""0""""0""""0""""0"""0""0""1""1""1
1""2""3""""4""""5""""6""""7"""8""9""1""1""2

OG 0""0"""0""""0""""0""""0""""0""0""0""0""0""0
A"" 1""0"""0""""0""""0""""0""""0""0""0""1""0""1
B 1""1"""1""""1""""1""""1""""1""0""1""0""1""0
C 1""0"""0""""0""""0""""0""""1""1""1""0""0""0
D 1""1"""1""""1""""1""""1""""1""0""1""1""1""0
E 1""1"""1""""1""""1""""1""""1""1""1""1""1""1

characters 2-6 
from the same part of organism

genetic correlation?

identical distribution
of character states



A          B         C         D         E          F          G          H

phylogenetic correlation =  character congruence



1.  order

2.  direction

3.  weight

TAXONOMIC CHARACTERS & their states



“If you have obvious order in your character states, do  
not ignore this information”

Slowinski, J. B. 1993. ”Unordered” versus ”ordered” characters. 

Systematic Biology 42: 155-165.

1.  order

TAXONOMIC CHARACTERS & their states



0        1        2        3             4                   5

0 ---> 1   =   0 ---> 5 ? ordered/additive characters

Wagner (Farris) parsimony

0 ---> 1   =   1 evolutionary change
0 ---> 5   =   5 evolutionary changes

Farris, J. S. 1970. Methods for computing Wagner trees. 
Systematic Zoology 19: 83-92.



0      1        2          3            4                  5

0 ---> 1   =   0 ---> 5 ?
unordered/non-additive characters

Fitch parsimony

0 ---> 1   =   1 evolutionary change
0 ---> 5   =   1 evolutionary change

Fitch, W. M. 1971. Toward defining the course of evolution: 
minimum change for a specific tree topology. 
Systematic Zoology 20: 406-416.



0

2 3

4

5

1
= 1 evolutionary change

character congruence

0      1        2          3            4                  5

minimizing

a priori assumptions



0 1 2 3 4 5 6 7 8 9

A 1 1 2 1 2 2 1 1 0 1
B 0 0 2 2 1 0 1 0 1 0
C 1 0 1 1 0 2 0 0 0 1
D 0 1 0 2 0 1 1 0 1 1
E 1 1 2 0 1 2 1 0 1 1

A B          D          E C

A B          E          D C

0

11
6

7

8

9

23
3 4

45
5

4

2

16 evolutionary changes

Fitch parsimony



40 1 2 3 4 5 6 7 8 9

A 1 1 2 1 2 2 1 1 0 1
B 0 0 2 2 1 0 1 0 1 0
C 1 0 1 1 0 2 0 0 0 1
D 0 1 0 2 0 1 1 0 1 1
E 1 1 2 0 1 2 1 0 1 1

A B          D          E C

0

11
6

7

8

9

2 (2>1)

2 (2>0)

3
3 4

5
5

4

17 evolutionary changes

2

Wagner parsimony



A B                      D                      E C

2 (2>0)

2 evolutionary changes

Wagner parsimony

1

0

2

A B D E C

character  2



0 1 2 3 4 5 6 7 8 9

A 1 1 2 1 2 2 1 1 0 1
B 0 0 2 2 1 0 1 0 1 0
C 1 0 1 1 0 2 0 0 0 1
D 0 1 0 2 0 1 1 0 1 1
E 1 1 2 0 1 2 1 0 1 1

A B          D          E C

0

11
6

7

8

9

2 (2>1)3
3 4

45
5

4

Wagner parsimony

2

A B          E          D C

17 evolutionary changes



A B D E C A B E D C

character 3

tree 1 tree 2

A                B                  D                E                C A                B                E              D                C

1

0

2



A B E D CA B D E C

character 5

A                 B                 E               D                 CA               B                  D                E                C

tree
1

tree 2

1

0

2



A B          D          E C

A B          E          D C

0

11
6

7

8

9

23

3 4

45
5

4

2

Fitch/Wagner parsimony

affect obtained results

optimality criterion used has to be revealed & 
the basis why it has been used

0 1 2 3 4 5 6 7 8 9 ∑

tree 1 1 2 3 2 3 2 1 1 1 1 17

tree 2 2 2 3 3 3 3 1 1 1 1     20
Fitch/Wagner parsimony

part of the characters can be treated using Fitch,

others using Wagner parsimony in the SAME 

analysis SIMULTANEOUSLY 



1. order

2. direction

3. weight

0 --> 1 --> 2

2 --> 1 --> 0

0 --> 2 --> 1

0

NOT needed BEFORE analysis

the tree resulting from our analysis

will reveal direction of change

1

2

TAXONOMIC CHARACTERS & their states



3. weight
are all characters equally important?

equally reliable signal about phylogeny?

1. order

2. direction

TAXONOMIC CHARACTERS & their states



CHARACTER WEIGHT

1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1



1  2  2a  2b  2c  2d  3  4  5  6  7  8

OG 0  0   0    0    0    0    0  0  0  0  0  0
A  1  0   0    0    0    0    0  0  0  1  0  1
B 1  1   1    1    1    1    1  0  1  0  1  0
C 1  0   0    0    0    0    1  1  1  0  0  0
D 1  1   1    1    1    1    1  0  1  1  1  0
E 1  1   1    1    1    1    1  1  1  1  1  1

5 x

CHARACTER WEIGHT



1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1

OG        A        C           B         D          E  

4

6

8

8

7

6

5

2

3

4

111

CHARACTER WEIGHT



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1
1  2  2a  2b  2c  2d  3  4  5  6  7  8

OG 0  0   0    0    0    0    0  0  0  0  0  0
A  1  0   0    0    0    0    0  0  0  1  0  1
B 1  1   1    1    1    1    1  0  1  0  1  0
C 1  0   0    0    0    0    1  1  1  0  0  0
D 1  1   1    1    1    1    1  0  1  1  1  0
E 1  1   1    1    1    1    1  1  1  1  1  1

5 x

15

CHARACTER WEIGHT



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1
1  2  3  4  5  6  7  8  9  10

OG 0  0  0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1  0  0
B 1  1  1  0  1  0  1  0  1  1
C 1  0  1  1  1  0  0  0  1  1
D 1  1  1  0  1  1  1  0  0  0
E 1  1  1  1  1  1  1  1  0  0

CHARACTER WEIGHT



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1

5 x

19

9
10

4

6
8

7
6

5

4

1

8

2

3

10
9

22

OG        A        C              B       D          E  

2

character weighting MAY alter the 
result, sometimes very radically

1  2  2a  2b  2c  2d  3  4  5  6  7  8  9  10

OG 0  0   0    0    0    0    0  0  0  0  0  0  0  0
A  1  0   0    0    0    0    0  0  0  1  0  1  0  0
B 1  1   1    1    1    1    1  0  1  0  1  0  1  1
C 1  0   0    0    0    0    1  1  1  0  0  0  1  1
D 1  1   1    1    1    1    1  0  1  1  1  0  0  0
E 1  1   1    1    1    1    1  1  1  1  1  1  0  0



should characters be weighted?

what is the basis for weighting?

3. weight

1. order

2. direction

CHARACTER WEIGHT



DESCENT WITH MODIFICATION

a priori assumptions added to the analysis

PRESUMED that some of the characters are more 
“reliable”

Neff, N.A. 1986. A rational basis for a priori character weighting.
Systematic Zoology 35:110-123.

A PRIORI

are these ADDITIONAL assumptions warranted & realistic?

CHARACTER WEIGHT



A POSTERIORI

CHARACTER CONGRUENCE

these characters show better FIT with all other characters

characters that show less homoplasy are given more 
weight

CHARACTER WEIGHT



consistency index, c

retention index, r

rescaled consistency index, rc

INDICES DESCRIBING CHARACTERS



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1

m          1
c = --- =  ---

s           2

m         1  1  1  1  1  1  1  1

s          1  1  1  2  1  2  1  2

1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1



consistency index , c

c = m/s

s  =  number of ch. state changes on the tree 
evaluated

m = minimum number of character state changes

ATTENTION!  m = n-1 (n number of character states)

LOW value of c indicates POOR fit 
of character on a tree

INDICES DESCRIBING CHARACTERS

ATTENTION!  it might be HIGHLY informative to calculate 
index  also LOCALLY, i.e. for certain clades



retention index, r

r = (g-s)/(g-m)

ATTENTION! g can be obtained directly from the matrix, 
for example for binary characters  it is the number of 
those terminals with less common ch. state

g =   minimum number of character state changes on 
UNRESOLVED TREE

s  =  number of ch. state changes on the tree evaluated

m = minimum number of character state changes

INDICES DESCRIBING CHARACTERS

ri



OG        A        C           B          D          E  

8 (0>1)

8 (0>1)

1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1

g 1  3  2  2  2  3  3  2 state changes optimized on 
TOTALLY unresolved tree AS 
PARSIMONIOUSLY AS POSSIBLE 



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1

1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1

g          1  3  2  2  2  3  3  2

m         1  1  1  1  1  1  1  1

s          1  1  1  2  1  2  1  2

character 6

g - s          3 - 2         1
r = ------- =  -------- = --- = 0.5

g - m         3 - 1         2

character 8

g - s           2 - 2       0
r = ------- =  -------- = --- = 0

g - m          2 - 1       1



OG        A        C           B          D          E  

4

6

8

8

7

6

5

2

3

4

1

1  2  3  4  5  6  7  8

OG 0  0  0  0  0  0  0  0
A  1  0  0  0  0  1  0  1
B 1  1  1  0  1  0  1  0
C 1  0  1  1  1  0  0  0
D 1  1  1  0  1  1  1  0
E 1  1  1  1  1  1  1  1

g 1  3  2  2  2  3  3  2

character 6

c = 0.5
r =  0.5
rc = 0.25

character 8

c = 0.5
r =  0
rc = 0

ch. 6 provides SOME 
information about phylogeny, 

ch. 8 does NOT tell about it
(at this level)



when making analyses using Wagner parsimony for 
characters showing clear order of states it is 
advisable to make analysis ALSO so that even these 
are treated with Fitch parsimony

SUMMARY

a priori weighting is subjective and adds assumptions to 
analysis

for phylogenetic analyses basically ALL characters that 
show variation between terminals CAN/SHOULD 
be used

character states are distinguished within most characters
continuous characters & landmark data CAN also be used

consistency and retention indices tell how well each 
character is congruent with others

character congruence


