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ABSTRACT
Th e data matrix can be generally viewed in three diff erent ways for systematics 
and biogeography, which we refer to as phylo-phenetics, phylogenetic systematics 
(transformational) and Cladistic. Each views the matrix as a combination of 
manipulating points (taxa, areas and characters) and cells (character states), 
expressed in a table. All current methods, except Cladistics, treat the transfor-
mations or switches between cells and points as the basis for discovering and 
expressing relationships. We consider that Cladistics, however, treats a relation-
ship between three cells, or points, as the smallest unit. We suggest that the 
diff erence between all three methods lies in the theory and application of the 
terms homologue and homology. It is shown that for most methods the data 
matrix is simply a phenetic device for optimising homologues rather than de-
termining homologies and discovering relationships.

RÉSUMÉ
La matrice de données.
La matrice de données peut être interprétée de trois manières diff érentes en 
systématique et biogéographie, baptisées ici phylo-phénétique, systématique 
phylogénétique (transformationnelle) et Cladistique. Chacune de ces interpréta-
tions considère la matrice comme une combinaison de lignes (taxons, aires et 
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INTRODUCTION

“Unfortunately, no one can be told what
the Matrix is. You have to see it for yourself ”

(Morpheus in “Th e Matrix”, Warner Bros. 1999).

“We managed to get rid of one pernicious black box 
– evolutionary systematics – but we’ve replaced it with 

another black box – the data matrix”
(Patterson 1997).

Today, it is rare to see a taxonomic, systematic, 
phylogenetic or biogeographic study being under-
taken without fi rst constructing a data matrix. For 
the usual morphological matrix, entries are derived 
from reasoned determination of the similarities and 
diff erences between the parts of various organisms 
(see Rieppel & Kearney 2002). For the usual mo-
lecular matrix, composed of strings of nucleotides, 
the entries might be considered “ready-made” and 
alignment programs have been designed simply 
to order the sequences in the most optimal way 
(e.g., Wheeler 2002). Th ese kinds of matrices re-
late to those described in Sokal & Sneath (1963: 
123), who wrote: “We adopt the convention used 
in psychology of arranging data for such an un-
dertaking in the form of an n × t matrix whose t 
columns represent the t fundamental entities to be 
grouped on the basis of resemblances and whose n 
rows are n unit characters”. Later, Sneath & Sokal 
(1973: 114) summarised their earlier statement 
by describing a matrix as a table “whose t columns 
represent the OTU’s [terminals] to be grouped on 
the basis of resemblances and whose n rows are n 

unit characters”. Th ese kinds of matrices are often 
said to contain raw data (the “unit characters”), in 
the sense that the entries are largely derived from 
some form of empirical investigation (Rieppel & 
Kearney 2002). In this sense, they relate to the 
tables of characters many taxonomists provide in 
their studies to allow the reader to contrast the 
various parts of specimens examined, and identify 
those parts considered similar from those parts 
considered diff erent.

Th e data matrix used in phenetics, phylogenetic 
systematics, Cladistics and biogeography may be 
viewed in three fundamentally diff erent ways, each 
corresponding to a diff erent theory and methodol-
ogy for the interpretation of the entries. 

TERMINOLOGY

Consider the following data matrix of six charac-
ters (1-6) and four taxa (A-D; Fig. 1). Th e matrix 
may be defi ned as consisting as several intercon-
nected elements. We introduce a new terminology 
in order to view the matrix as a functional unit 
that is used to build branching diagrams and to 
prevent confusion with existing terms (i.e. char-
acter-states, characters, etc.). Th e taxon rows and 
character columns are made up of data, herein 
termed taxic points and character points respectively, 
with the various character states represented by 

caractères) et de cellules (états de caractère), exprimés sous forme de tableau. 
Toutes les méthodes habituelles, sauf la Cladistique, utilisent les transformations 
ou les changements entre les cellules comme source pour la découverte et la 
représentation des relations de parenté. Nous montrons que la Cladistique, en 
revanche, utilise les relations entre trois cellules comme l’unité élémentaire de 
relation. Nous suggérons que la diff érence entre ces trois méthodes se trouve 
dans la théorie et la pratique concernant les notions d’homologue et d’homo-
logie. Nous montrons ici que, dans les deux premières interprétations citées, 
la matrice est simplement un outil phénétique destiné à optimiser des arran-
gements d’homologues plutôt qu’à déterminer des homologies et à découvrir 
des relations de parenté.

MOTS CLÉS
Cladistique,

matrice de données,
homologues,

homologie,
homoplasie,

paralogie.
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111111D

111111C

000000B

100000A

654321

Component

Taxic points
Cell

Character points

Relationship

A = 1:0, 2:0, 3:0, 4:0, 5:0, 6:1

B = 1:0, 2:0, 3:0, 4:0, 5:0, 6:0 

C = 1:1, 2:1, 3:1, 4:1, 5:1, 6:1 

 D = 1:1, 2:1, 3:1, 4:1, 5:1, 6:1

1 = A:0, B:0, C:1, D:1 

3 = A:0, B:0, C:1, D:1 

2 = A:0, B:0, C:1, D:1 

4 = A:0, B:0, C:1, D:1 

5 = A:0, B:0, C:1, D:1 

6 = A:1, B:0, C:1, D:1 

FIG. 2. — Upper and lower boxes list all character and taxic points 
from Figure 1 respectively. 

FIG. 1. — Diagram illustrating the terminology used for data ma-
trices: characters and taxa (or areas) may be termed character 
points and taxic points, respectively. Cells indicate a particular 
entry, relative to a character and taxic point; components are 
determined by “matching” cells; relationships are determined by 
both the “matching” of similar cells with those that differ in the 
same column. A cell might be more conventionally understood 
as equivalent to a homologue, a part of an organism (Nelson 
1989, 1994; Williams 2004; Williams & Humphries 2004); a com-
ponent might be more conventionally understood as equivalent 
to a group based on shared homologues; a relationship might be 
usefully understood as the relation of homology determined from 
the homologues (Nelson 1989, 1994; Williams 2004; Williams & 
Humphries 2004).

the morphological 0s and 1s and the molecular 
nucleotides (A’s, C’s, G’s and T’s), herein termed 
cells. Th us, in Figure 1, character point 1 and taxic 
point A are represented by the cell 0. In addition, 
each column (character point) implies a group-
ing among taxa (taxic point), which we refer to 
as components (sensu Nelson 1979: 3, “Cladistic 
components are branch points. A particular branch 
point is defi ned by the branch tips (terminals or 
terms) to which it leads”). Th us, for character 
point 1 and taxic points A-D, there is a group 
CD, represented by its component. In addition, 
character points imply certain relationships. For 
character point 1 for taxic points A-D, the rela-
tionship is AB(CD); that is, C and D are more 
closely related to each other than either are to A 
or B. Th is statement of relationship can be further 
simplifi ed into two 3-item statements, A(CD) 
and B(CD). Here we mean that the data suggest 
the relationship to be true, whereas, with more 
data, the relationship may indeed be found false. 
Th us, from the three kinds of entries in a matrix 
(cells, components, relationships), we view the 
relationship, rather than the cell or component, 
as the basic unit of systematics.

In a world in which species and populations 
(herein taxa) are not viewed as wholes, that is as 
taxa that consist of the inter-relationships of their 
characteristics (homologies) and their relationships 
to other things (perception) (see Brady 1998), but 
rather as collections of genotypic and phenotypic 
characteristics, the data matrix functions (usually) 
as a simple table of binary variables, in the case of 
non-molecular data. Th e rows of cells that repre-
sent each point are the non-molecular or molecular 
(DNA) characters derived from specimens that are 
said to represent a property or an attribute of each 
taxon. Each row does not attempt to represent any 
kind of relationship, or even grouping, but rather 
a simple coding of taxic points (Figure 2 is a list of 
all character and taxic points that can be derived 
from Figure 1). 

For the purposes of further analysing the matrix, 
cells between rows may be treated as switches, hav-
ing the ability to change from one state to another 
(Figure 3A lists all possible switches for the data in 
Figure 1). As cells represent unique individual codings 
and can potentially “metamorphose”, that is, turn 
into other cells, they can only switch states between 
diff erent character points. In this two-dimensional 
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A - Switches B - Components

3 = 0 1 

1 = 0 1 

2 = 0 1 

4 = 0 1 

5 = 0 1 

6 = 0 1 

1 = CD 

2 = CD 

3 = CD 

4 = CD 

5 = CD 

6 = ACD 

1 = AB(CD) 

2 = AB(CD) 

3 = AB(CD) 

4 = AB(CD) 

5 = AB(CD) 

6 = B(ACD) 

C - Relationships
(maximal)

D - Relationships
(minimal)

1 = A(CD) 

B(CD) 

2 = A(CD) 

B(CD) 
3 = A(CD) 

B(CD) 

4 = A(CD) 

B(CD) 

5 = A(CD) 

B(CD) 

6 = B(CD) 

B(AC) 

B(AD) 

FIG. 3. — Matrix “operations”: A, list of all switches between character points derivable from Figure 1; B, list of all components derivable 
from Figure 1; C, list of all possible maximal relationships (see text) derivable from Figure 1; D, list of all possible minimal relationships 
(see text) derivable from Figure 1.

data matrix, cell 0 or A (for nucleotides) can only 
replace cell 1 or G (for nucleotides), respectively. 

A set of aligned DNA sequences and phenetic mor-
phological matrices, when treated as two-dimensional 
structures, are herein termed phylo-phenetic.

From a transformational point of view, the matrix 
is eff ectively viewed as a three-dimensional table 
where the cells are treated as hypothesised (possible) 
transformations between character points. Th us 
character point 1 could actually imply a cell of 1:0 
that may transform into character point 1, cell 1:1. 
In reality, a two-dimensional q × r matrix can only 
represent one state at a time, e.g., 0 or 1, and not 
both at the same time. Only two identical cells are 
needed to determine a component (Figure 3B lists 
the possible components for the data in Figure 1). 
Th e transformation between cells determines the 
taxic component, not the actual “grouping” of cells. 
Morphological data matrices that use optimisation 
procedures (such as parsimony) are herein termed 
transformational.

Both the phylo-phenetic and transformational 
matrices are usually processed with parsimony, 
maximum likelihood (ML) or phenetic computer 
programs, to determine optimal groupings.

Consider the cells to be points, rather than what 
constitutes a point. Taxic points C and D are related 
to each other by cells 1:1, its component. Th e cell 
points determine a particular group (cell component) 
by their presence, rather than by any conceivable 

state prior to transformation (e.g., 1:0 to 1:1, etc.). 
Th e taxic component (CD) is based on the cell 
component (11), and not on any switch because 
the cell points are equivalent to scored states, not 
switches or transformations of each other (Fig. 3B). 
Th e actual changes between cell points are not con-
sidered to be directional (see Brady 1998). Th at is, 
they are not grouped according to any imagined 
direction of transformation. 

However, the component (11) is only a “part” 
of the data (the 00 is a part too), hence to express 
a specifi c relationship, both aspects of the data 
require consideration. Th us, the relationship is 
AB(CD). Th is relationship can be thought of as 
“maximal” (after Nelson & Platnick 1981), in that 
it includes all the taxic points (A-D). Th e simplest 
unit involves only three taxa, thus one might refer 
to these as “minimal” relationships, such as A(CD) 
and B(CD) (after Nelson & Platnick 1991) (Figure 
3C lists all possible “maximal” relationships for 
the data in Figure 1; Figure 3D lists all possible 
“minimal” relationships for the data in Figure 1). 
Morphological and DNA matrices that follow the 
cell component approach, as expressed in terms of 
relationships, are herein termed Cladistic (we adopt 
the upper case to distinguish it from the phylogenetic 
systematics version, often called cladistics).

A cell might be more conventionally understood 
as equivalent to a homologue, a part of an organism 
(Nelson 1989, 1994; Williams 2004; Williams & 
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0 1 1 C 

0 1 1 B 

1 0 1 A 

T3 T2 T1 

T1 = A B C 

T2 = B C 

T3 = A 

B C A 

T2:1, T3:0 

T1:1 

A B C

FIG. 4. — An example of a phylo-phenetic approach used in biogeography, similar to Parsimony Analysis of Endemicity (PAE) analy-
sis: A, list of taxa T1-T3 and the areas they occupy (A, B and C); B, matrix in which similarities are grouped; C, the resulting phylo-
phenogram in which areas B and C are grouped together by the component BC derived from T2 and (possibly) T3. Note that taxa T2 
and T3 do not occur in the same areas and therefore do not share any direct relationship. 

Humphries 2004); an informative internal com-
ponent might be more conventionally understood 
as equivalent to a group (Nelson 1979), based on 
shared homologues; a relationship might be usefully 
understood as the relation of homology, based on 
shared homologues (Nelson 1989, 1994; Williams 
2004; Williams & Humphries 2004).

REPRESENTING RELATIONSHIPS

Th e task of systematic and biogeographical meth-
ods is to discover the relationships among taxa and 
areas, respectively. Th e scoring of character-states 
in a matrix has become common practice in sys-
tematics as a basis for determining relationships, 
but in cladistic biogeography the relationships (the 
taxic cladogram) exist prior to analysis. For example 
consider an areagram, AB(CD) based on the taxon 
cladogram T1(T2, T3). Th e widespread basal taxon 
(T1) occurs in two areas indicated by an underscore, 
namely AB. Th e areagram is found by replacing the 
taxa with the areas in which they are found (Rosen 
1978). Th erefore the cladogram T1(T2, T3), has 
T1 occurring in two areas (A and B), T2 occurring 
only in area C and T3 occurring only in area D. 
Th e single areagram therefore contains only two 
relationships A(CD) and B(CD). 

Th ere are three ways in which the relationship of 
widespread terminal nodes can be resolved. 

Th e problem may be treated phylo-phenetically by 
ignoring the known relationships (cladogram) and 
coding the presence and absence of taxa T1-T3 in 
the areas A to C (Fig. 4). In phylo-phenetic matri-
ces the absences and presences of cells are treated 
as potential switches. Absence in this sense is not a 
state of presence and vice versa. If the taxon is absent 
then it is simply not there and if it is present the cell 
is simply scored to represent that fact. One method 
that utilises phylo-phenetic matrices is Parsimony 
Analysis of Endemicity (PAE) (Rosen 1988a, b but 
see Rosen 1985: fi g. 4). PAE discovers groups based 
on the similarity of switches and not on relationships 
(i.e. T2 and T3 are not present in the same areas).

Th e transformational approach codes absence 
(cell 0) and presence (cell 1) of areas for all nodes. 
Th e approach diff ers from PAE, as the relationships 
between areas (areagram) are already known. Th e 
matrix resulting from a transformational approach 
will have an extra set of points representing the 
internal nodes from the areagram. Th e internal 
nodes function as components; that is, each com-
ponent contains all areas that are represented at 
the terminals. Th e methods commonly associated 
with transformational approaches in biogeography 
are Assumption 0 (Zandee & Roos 1987), all ver-
sions of Brooks Parsimony Analysis (BPA, mBPA, 
secondary BPA, etc.) (see Brooks 1981 onwards, 
especially Brooks et al. 2004) and DIVA (Ronquist 
1997). Th e Assumption 0, BPA or DIVA matrices 
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adjust the transformations between absence and 
presence thus generating a hypothesis based on 
optimization, in this case implemented with either 
parsimony or compatibility. 

Th e areagram A(B, CD) is coded as four taxic points 
and fi ve character points (Fig. 5) (with the underlined 
areas indicating widespread terminal components). 
Th e result, A(B(CD)), when compared with the 
original areagram, contains the extra component 
(CD), as coding protocols do not allow more than 
one taxon to occur on any single component.

BPA and Assumption 0 appear to resolve wide-
spread taxa, but in fact the matrix can only assign 
one taxon per terminal. Th e optimisation determines 
the grouping with the areagram. Nelson’s (1984: 
288, fi g. 14.12) opaque example, represented by the 
areagram AC(C, ABC), cannot be resolved with the 
transformation paradigm. BPA fi nds the areagram 
B(AC), a relationship not represented in the original 
areagram. Th e generated result is caused by both 
the infl exible matrix and optimisation between two 
non-transformational states, in this case the absence 
and presence of taxa (see Ebach et al. 2003). 

Th e Cladistic approach does not actually need a 
data matrix as the relationships are already stated; 
only the terminals remain unresolved. Th erefore the 
areagram A(B, CD) is no more than the combina-
tion of B(CD) and A(CD). Th e combination of 
A(CD) and B(CD) allows a result to be discovered, 
namely AB(CD). Th e Cladistic approach discovers 
the only relationship present in Nelson’s opaque 
example by breaking down the areagram into the 
smallest units of relationship, termed area homologies 
(Humphries & Ebach 2004). AC(C, ABC) contains 
only one area relationship and therefore only one 
area homology, namely A(BC). 

If a matrix based on phylo-phenetic or transforma-
tional approaches is unable to discover relationships, 
then how can the systematist and biogeographer be 
sure that the matrix truly represents relationships? 
Th ere is no denying that the matrix represents the 
“data”, but as shown by PAE and BPA the “data” 
are purely two dimensional and concern only the 
switching and transformation between absence 
and presence of cells, as determined by particular 
computer programs, not the actual relationships. In 
biogeographical methods it is clear that the matrix 

does not represent relationships and that existing 
relationships, as in Nelson’s opaque example, can-
not be extracted by using crude (some would say 
naive) binary coding methods. Th e same could be 
said for systematic matrices that represent genetic 
and morphological data.

INSIDE THE MATRIX

From the perspective of the usual kind of “Cladistic” 
data matrix, the entries are said to be “shared derived 
characters”. “Shared derived characters” indicate 
(or hypothesize) particular monophyletic groups. 
Consider matrix 1 (Table 1; after Nelson 1996: fi g. 
1, 2004: fi g. 6.4; see also Williams & Ebach 2005). 
A-D are taxa with three character points. If the entries 
are evidence of relationships, indicated by the 1 cells 
(“shared and derived”), and the lack of evidence, 
indicated by the 0 cells (“shared and primitive”), 
then conclusions might be straightforward. Here it 
would seem more appropriate to re-write the matrix 
characters in tree-form representing the relationships 
exactly, such that the three “characters” are AD(BC), 
AC(BD) and AB(CD) (Siebert & Williams 1999), 
which, when combined, unambiguously provide 
evidence for the solution A(BCD) (Nelson 1996; 
see also Williams & Ebach 2005). Th e re-writing 
eff ectively converts an ordinary (phenetic) matrix 
into a Cladistic matrix. Th erefore, even when the 
entries in a matrix are said to be “shared derived 
characters”, they actually function as phenetic char-
acters, devoid (apparently) of any meaning. 

From the perspective of the usual kind of “Cla-
distic” matrix, there may be several ways of repre-
senting the data.

Th e matrix in Table 1 consists of three character 
points. If the components considered as grouping 
statements (see Fig. 1), the data consist of three 
positive (1 cells) components (BC, BD and CD) 
and three negative components (AD, AC, AB). Th e 
positive components might be interpreted as specifi c 
homology (relationship) statements, in that BC are 
grouped relative to A, BD are grouped relative to 
A and CD are grouped relative to A, based on the 
evidence (the 1 cells). Th e negative components are 
the residual statements related by common shared 
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A

A      CD

1 2 3

4

5
11100D

11100C

11010B

10001A

54321

B C

A

5:1

3:1; 2:0

4:1; 3:0

B B C D

FIG. 5. — An example of a transformational approach in biogeography, similar to Brooks Parsimony Analysis (BPA). Both internal and 
terminal nodes of an areagram are coded for presence and absence of areas A-D; A, cladogram of relationships among areas A-D. 
Nodes 1-3 specify terminals, nodes 4-5 specify taxic relationships; B, the data matrix derived from all fi ve nodes of the cladogram; 
C, the cladogram found after parsimony analysis of the matrix in B. The cladogram specifi es that C is more closely related to D than 
any of the other areas even though there is no evidence of that relationship in the original areagram.

absence. Th us, negative components are not grouping 
or homology statements at all. Of the 12 data entries, 
only six constitute evidence. As components, there 
are only three items of evidence: BC, BD, CD. As 
relationships there are maximally three, AD(BC), 
AC(BD) and AB(CD) (Nelson & Platnick 1981) 
and minimally six, A(BC), D(BC), A(BD), C(BD), 
A(CD), and B(CD) (Nelson & Platnick 1991). 

In terms of transformations, to polarize the char-
acters one might consider the use of either outgroups 
or ontogeny to provide appropriate values. Values 
may be either positive or negative. Th e matrix in 
Table 2 includes an all-zero outgroup. Th e data 
consist of three positive 1 cell components: BC, 
BD and CD, which collectively relate to A through 
A(BCD), as BC + BD + CD = A(BCD).

Th e matrix in Table 3 has an outgroup with all 
positive values, 1 cells, eff ectively rendering the 0 
cell (absent) entries “informative”. Th e data consist 
of three “positive” 0 cell components: AD, AC and 
AB, which together relate no taxa, as AD + AC + 
AB = ABCD.

Th e matrix in Table 4 consists of three characters 
“polarised” by an outgroup comprised entirely of 
question marks (literally meaning either 0 or 1 
cells). Th ese data consist of three positive (1 cells) 
components (BC, BD and CD) and three negative 
components (AD, AC, AB). Together the positive 
components relate A(BCD), as BC + BD + CD = 

A(BCD) and the negative components relate AD + 
AC + AB = (ABCD), together relating A(BCD) + 
(ABCD) = A(BCD).

Th e matrix in Table 5 consists of three multistate 
characters “polarised” by an outgroup with all 0 cells. 
Th e diff erence between multistate character points 
and binary character points is in the “uninformative” 
portion, the 0 cell, as it is now deemed informative. 
Consider feathers as one of the character points. 
Th e 0 cells might be taken to mean either feathers 
lost, or feathers absent. “Feathers absent” relates the 
data (feathers) to all life that lacks feathers, which 
can be represented by a binary character. Th is, in 
turn, might suggest that we can postulate a taxon 
with feathers (birds, for example) but do not know 
of its relationships to the rest of life more precisely. 
If our knowledge is rather better and we are able to 
say that the homologues of feathers are lizard scales 
then this might be construed as a multistate charac-
ter point, with increased complexity. Th e increased 
complexity suggests that we may discover two taxa, 
birds (with feathers) and birds + lizards (lizard scales 
+ feathers), rather than birds and life minus birds, 
the latter a non-group. Yet the complexity might 
extend to ignorance in not knowing which (the 
feathers or the lizard scales) comprises the subset 
and therefore the homologue relative to the set lizard 
scales plus feathers. In this case it might be seen that 
both lizard scales and feathers are the data, in as 



416 GEODIVERSITAS • 2006 • 28 (3)

Williams D. M. & Ebach M. C.

FIG. 6. — Diagrammatic representation of two uninformative 
areagrams specifying no relationships; A, cladogram A(BB); B, 
Cladogram A(A(BB)).

A(B)

AA(BB) = A(B) 

A B B A A B B

A B

much as they are real observations. Here, the data 
are reduced to their phenetic aspect and lack any 
suggestion of relationships. In this case, these data 
consist of six positive (1 and 2 cells) components 
(BC, BD, CD, and AD, AC, AB). Together they 
do not relate any taxic points at all.

Th e matrix in Table 6 consists of a binary repre-
sentation of the multistate character points from 
the matrix in Table 5, or binary representation of 
paired homologues (Scotland 2000). Th us if char-
acter point 1 is feathers and lizard scales, character 
point 1a is the “feather” homologue and character 
point 1b the “lizard scale” homologue. Th ese data 
yield six positive and six negative components. In 
other words, each possible homology statement is 
supported by both a positive and a negative com-
ponent. Together they relate no taxa at all.

With the addition of an all-zero outgroup (Ta-
ble 7) these data also yield six positive components, 
identical to the multistate characters. Together they 
relate no taxic points at all.

Th e results are summarized in Table 8.

HOMOLOGUES, HOMOPLASY 
AND PARALOGY 

Th e matrix entries, by themselves, do not yield 
homology by way of informative relationships 
(Fig. 1). Instead, the matrix simply represents the 
homologues, along with any potential switches (mo-
lecular data) and transformations (morphological 

data), invoked by one or more methods and their 
respective computer programmes.

Homologues are the independent cells (Fig. 1), 
the parts (character states) that constitute a char-
acter or taxic point. Th e cells act as homologues 
within a character or taxon that may be grouped 
with similar cells (phylo-phenetics) or as transfor-
mations of diff erent cells (synapomorphies). In each 
case the similarity of the cells is measured either by 
similar taxic content (synapomorphy of two sister 
taxa) or by the number of cell transformations 
per node (steps). Phylo-phenetic and transforma-
tional methods operate under the principle that 
the similarity of homologues generated by some 
transformational model constitutes a mark of re-
lationship. In either case, the character points are 
forced to comply with a particular model of cell 
switching or cell transformation (as implemented 
in various computer programmes). Each character 
point provides a diff erent set of similarities, switches 
and transformations; with the absence of confi rmed 
similarity (synapomorphy), the homologues are 
still placed on the tree or cladogram as homoplasies. 
Th erefore, the probability of similarity between cells 
and points (branch lengths, etc.) makes homoplasy 
a statistical issue rather than one of relationship, 
or even non-relationship, as evidenced by claims 
that “Homoplasy increases phylogenetic structure” 
(Källersjö et al. 1999). Ultimately, the relationships 
are the result of the program rather than part of the 
data, imposed rather than discovered.

CONCLUSION

Th e Cladistic approach is concerned with homol-
ogy (monophyly or cell of the character point 
relationships). As cells are treated as indicators of 
relationships and not as individual switches or trans-
formations, a series of cell statements determines 
the relationship. A character point that contains A 
1:0, B 1:1 and C 1:1, for instance, is not understood 
as a transformation between cells 0 and 1, but as 
the relationship implied between taxic points B 
and C relative to A, information derived from the 
data. If there is confl ict in another character point, 
for instance A 2:1, B 2:1 and C: 2:0, the Cladis-
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tic approach focuses on the relationship between 
taxic points A and B. Under phylo-phenetics and 
transformation, both characters points cannot be 
“true” and one or the other will eventually become 
homoplastic. Under the Cladistic approach both 
character points above imply relationships, even 
if the two overall do not imply the same relation-
ship. Homoplasy, then, is artefact and does not 
exist using the Cladistic approach to represent 
data. However, paralogy certainly does contain 
homoplasy (sensu Nelson & Ladiges 1996; Ebach 
& Williams 2004). 

Similarities and relationships clearly are two dif-
ferent things. Consider the two areagrams A(B,B) 
and A(A(B,B)) (Fig. 6). Although the areagrams are 
similar and may both be reduced to A(B), no spe-
cifi c relationship is implied. After all, A(B) can only 
mean A is related to B in some unspecifi c way. Th e 
relationship between cells of the same character point 
however also resembles a paralogous area relation-
ship, such as 0(11). Th e relationships between cells 
cannot be paralogous as each is a unique instance 
or occurrence rather than a redundant repetition 
as is the case with paralogous areas.

Th e transformational and phylo-phenetic ap-
proaches are based on probabilities of transformations 
and switches based on either the ML (maximum 
likelihood) model or the “parsimony” model. Yet, 
parsimony, when combined with transformations, 
is an “optimisation model” that no longer acts as an 
objective Occam’s razor but rather as a subjective 
pre-determined transformational mechanism.

Consider the cladogram A(B(C(D(EF)))), where 
taxa A, B, C and D are members of one genus and 
taxa E and F members of another. Th e cladogram 
indicates that the genus A-D is non-monophyletic 
as taxon D is more closely related to another ge-
nus (EF) than it is to A-C. As trees obtained from 
phylo-phenetics and optimization are based on a 
series of switches and/or transformations of homo-
logues (cells) rather than on actual homologies 
(relationships), they cannot determine if the tree 
is monophyletic because it applies an assumed or 
inferred evolutionary history in which we can say 
that taxa E and F have “changed” from one genus to 
another. Under such circumstances all non-mono-
phyletic groups remain “monophyletic”. Th e use 

of such models is dubious, as existing taxonomic 
groups cannot be tested for monophyly; rather they 
are forced to abide by some a priori evolutionary 
model. Th e only way for such models to determine 
monophyly is to assume that the tree has been 
constructed from relationships. Clearly generating 
a tree under one model and interpreting it under 
the Cladistic paradigm introduces double standards 
into comparative biology.

Th e data matrix has restrained, and at times 
prevented, systematists and biogeographers from 
expressing taxic and area relationships precisely. It 
seems that once the matrix is abandoned and the 
data are treated as relationships then more complex 
problems can be tackled. Rather than enhancing 
our systematics enquiries, much hard won valuable 
information – evolutionary relationships – can ac-
quire more precise meaning.
It is time to abandon the matrix.

“Today, a matrix and a computer analysis are absolutely 
necessary…, if you don’t provide it, the referees

and editors will demand it” 
(Patterson 1997).

 “Th e Matrix is the world that has been pulled over
your eyes to blind you from the truth” 

(Morpheus in “Th e Matrix”, Warner Bros. 1999).
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1

1 2 3
A 0 0 0
B 1 1 0
C 1 0 1
D 0 1 1

TABLE 2. — 1, Matrix of four taxa (A-D) and outgroup (with all zero values) and three characters (1-3); 2, list of characters and their 
components. Positive components are derived from the 1-entries, Negative components are derived from the 0-entries.

1

1 2 3
OUT 0 0 0
A 0 0 0
B 1 1 0
C 1 0 1
D 0 1 1

TABLE 3. — 1, Matrix of four taxa (A-D) and outgroup (with all positive values) and three characters (1-3); 2, list of characters and their 
components. Positive components are derived from the 1-entries, Negative components are derived from the 0-entries.

1

1 2 3
OUT 1 1 1
A 0 0 0
B 1 1 0
C 1 0 1
D 0 1 1

TABLE 4. — 1, Matrix of four taxa (A-D) and outgroup (with all unknown values) and three characters (1-3); 2, list of characters and their 
components. Positive components are derived from the 1-entries, Negative components are derived from the 0-entries.

1

1 2 3
OUT ? ? ?
A 0 0 0
B 1 1 0
C 1 0 1
D 0 1 1

TABLE 5. — 1, Matrix of four taxa (A-D) and outgroup (with all zero values) and three multi-state characters (1-3); 2, list of characters 
and their components. Positive components are derived from the 1- and 2-entries.

1

1 2 3
OUT 0 0 0
A 2 2 2
B 1 1 2
C 1 2 1
D 2 1 1

APPENDIX

TABLE 1. — 1, Matrix of four taxa (A-D) and three characters (1-3); 2, list of characters and their components. Positive components are 
derived from the 1-entries, Negative components are derived from the 0-entries.

2

Character Positive Negative
1 BC AD
2 BD AC
3 CD AB

2

Character Positive Negative
1 BC –
2 BD –
3 CD –

2

Character “Positive” “Negative”
1 AD –
2 AC –
3 AB –

2

Character Positive Negative
1 BC AD
2 BD AC
3 CD AB

2

Component Positive Negative
1 AD –
2 AC –
3 AB –
4 BC –
5 BD –
6 CD –
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2

Component Positive Negative
1 AD AD
2 AC AC
3 AB AB
4 BC BC
5 BD BD
6 CD CD

2

Component Positive Negative
1 AD –
2 AC –
3 AB –
4 BC –
5 BD –
6 CD –

TABLE 6. — 1, Matrix of four taxa (A-D) six binary characters (1-3) representing the multi-state characters from Table 5, hence binary 
characters 1a and 1b represent multi-state character 1 from Table 5; 2, list of characters and their components. Positive components 
are derived from the 1-entries, Negative components are derived from the 0-entries.

1

1a 1b 2a 2b 3a 3b
A 0 1 0 1 0 1
B 1 0 1 0 0 1
C 1 0 0 1 1 0
D 0 1 1 0 1 0

TABLE 7. — 1, Matrix of four taxa (A-D) six binary characters (1-3) representing the multi-state characters from Table 5, with the addi-
tion of an all-zero outgroup; 2, list of characters and their components. Positive components are derived from the 1-entries, Negative 
components are derived from the 0-entries.

1

1a 1b 2a 2b 3a 3b
OUT 0 0 0 0 0 0
A 0 1 0 1 0 1
B 1 0 1 0 0 1
C 1 0 0 1 1 0
D 0 1 1 0 1 0

TABLE 8. — Summary of results from Tables 1-7. Column 3, “Root” represents the outgroup.

Data set Characters “Root” Positive
Components

Negative 
Components

Table 1 Binary None 3 3
Table 2 Binary Positive 3 0
Table 3 Binary Negative 3 0
Table 4 Binary Positive + Negative 3 3
Table 5 Multi-state Positive 6 0
Table 6 Multi-state None 6 6
Table 7 Binary Positive 6 0




