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Abstract. The theory and practice of contemporary comparative biology and phylogeny recon-

struction (systematics) emphasizes algorithmic aspects but neglects a concern for the evidence. The

character data used in systematics to formulate hypotheses of relationships in many ways constitute

a black box, subject to uncritical assessment and social influence. Concerned that such a state of

affairs leaves systematics and the phylogenetic theories it generates severely underdetermined, we

investigate the nature of the criteria of homology and their application to character conceptuali-

zation in the context of transformationist and generative paradigms. Noting the potential for

indeterminacy in character conceptualization, we conclude that character congruence (the coher-

ence of character statements) relative to a hierarchy is a necessary, but not a sufficient, condition for

phylogeny reconstruction. Specifically, it is insufficient due to the lack of causal grounding of

character hypotheses. Conceptualizing characters as homeostatic property cluster natural kinds is

in accordance with the empirical practice of systematists. It also accounts for the lack of sharpness

in character conceptualization, yet requires character identification and re-identification to be tied

to causal processes.

Introduction

Only 18 years old, Willi Hennig (1931 [(1978, p. 193]) perceived the need to
defend systematics against attacks from biologists who ridiculed systematists as
‘‘dried skins’ zoologists’’ and ‘‘species makers.’’ Years later, Hennig (1950,
1966) laid the groundwork for the ‘cladistic revolution’ in taxonomy (Hull
1988), which some compare to the Darwinian revolution in its significance
(Kühne 1978; Dupuis 1990). Today, biosystematics has regained a reputation
of an indispensable scientific discipline, in part due to the current biodiversity
crisis. Sterelny and Griffiths (1999, p. 379) paraphrased a famous statement
from Theodosius Dobzhansky (1973) as ‘‘nothing in biology makes sense ex-
cept in the light of its place in phylogeny’’, and concluded that systematics
plays a ‘‘critical, foundational role’’ in all fields of evolutionary biology.

However, at least one philosopher has raised concerns regarding the cur-
rently fashionable ‘theory-free’ approach to character analysis in systematics.
According to Richards (2002, 2003), there exists no one, agreed upon way of
individuating characters, such that what constitutes a character largely boils
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down to what can successfully be communicated to other systematists as a
(useful) character. Recognizing, at least implicitly, the difficult problem of
character conceptualization, Griffiths (1999, p. 225) suggested that ‘‘cladistic
analysis can proceed from a list of arbitrary measurements by looking for
congruence among the evolutionary trees produced by different measure-
ments.’’ Such an argument relies on the ‘‘synergistic power of evidence’’
(Lipton 2004, p. 204), where evidence is acknowledged never to be certain, but
confidence in the inferred phylogeny increases with an increasing number of
congruent trees generated by separate sets of data.

Griffiths’ (1999) argument may relate more easily to molecular than to
morphological data. Morphological homologues are complex structures that
are subject to change through time if ontogeny is considered, and even more
complex if composition (e.g., cell type) is a factor in initial similarity assessment
(Patterson 1988). Furthermore, morphological homologues are ‘anatomical
singulars’ (Riedl 1978, p. 52), subject to the ‘test of conjunction’ (Patterson
1982): the homology of human arms and bird wings as tetrapod forelimbs
would be refuted by the existence of angels with both arms and wings
(Patterson 1988). Molecular data by comparison are without ontogeny, they
cannot be subjected to the test of conjunction, and controversy exists whether
homology should be assessed at the nucleotide level or the sequence level
(Wheeler, 2001a, b). Especially in the case of non-coding regions, congruence
does play a much more decisive role in homology assessment for molecular
data. In addition, the alignment of multiple sequences of different lengths faces
the problem of whether and/or how to insert gaps to obtain the ‘best’ align-
ment. This is accomplished by user-specified ‘gap costs’, which entail a degree
of subjectivity.

To circumvent these issues, an optimization alignment procedure has been
proposed which maximizes parsimony of alignment relative to each possible
tree for the terminal taxa under analysis (Wheeler 2001a, b). In this procedure,
each tree topology itself ‘feeds back’ into the alignment to make it maximally
parsimonious relative to a particular topology. As a consequence, homology
relations between sequences may shift relative to different tree topologies, such
that alignment becomes a dynamic process that is influenced by hypotheses of
possible relationships and the parsimony optimality criterion. Homology
relations consequently shift with changing tree topologies, which is a difference
from multiple sequence alignment prior to analysis. In the latter case, the
putative homology relations established by alignment remain stable, i.e., fixed,
relative to changing tree topologies, as is also the case for morphological
characters.

Given problems of alignment, a largely algorithmic approach (in terms of
congruence) is being pursued in the analysis of increasingly larger data sets in
molecular systematics. An increasingly algorithmic approach to characters has
become predominant in the analysis of morphological characters as well, under
the paradigm of a total evidence approach that combines all available char-
acter data without critical evaluation of homology hypotheses. Indeed, the

96



congruence of characters (coherence of character statements: Rieppel 2004)
relative to a hierarchy has become accepted as the sole arbiter of homology vs.
non-homology (homoplasy) by many contemporary systematists, irrespective
of the nature of the data (Rieppel 2005a). In an effort to avoid theory-laden-
ness of character statements, systematics has moved towards an operationalist
approach to character delineation (Kearney, in press), where theoretical input
into the process of character conceptualization is rejected in favor of an appeal
to mere congruence in the evaluation of whatever character hypothesis is being
proposed (e.g. Kluge 2003, 2004; O’Leary et al. 2003).

It is the purpose of the present paper to analyze the different ways in which
systematists identify and re-identify morphological characters in order to
demonstrate that this cannot be achieved in a theory-free way. Instead, theo-
retical input is required at all levels of character conceptualization in mor-
phology-based systematics. We propose to conceptualize characters relevant
for phylogeny reconstruction as homeostatic property cluster natural kinds
(Boyd 1991, 1999). This not only matches the actual empirical research practice
of systematists, but also mandates the consideration of causal relations (e.g., of
inheritance, development, and function) in character conceptualization. If
phylogenetically relevant characters are viewed as HPC natural kinds, then the
associated natural kind terms must have explanatory power, i.e., some causal
grounding in theories of ontogeny, phylogeny, and evolution. Characters
recognized as homologues (such as the vertebral column discussed below) can
share a common ‘stereotype’ and common causal grounding, and yet be built in
different ways in different taxa, as is indeed the case. Homeostatic property
cluster natural kinds allow for some degree of indeterminacy, as is often
encountered by systematists in character conceptualization, and yet constrain
this indeterminacy by requiring taxonomic characters to enter causal relations.
From this perspective, it is the problem of character conceptualization that
takes conceptual priority over tree reconstruction (Wagner 1994), and not the
other way around (Härlin 1999). Finally, the conceptualization of morpho-
logical homologues as tokens of homeostatic property cluster natural kinds
allows these to be historically delimited (Griffiths 1999; Wilson 1999; Keller
et al. 2003), as is required for evolutionary entities.

Ostensive indication of systematic characters

Richards (2002) identified an important component in the individuation of
characters by systematists, which is the ostensive indication of paradigm
exemplars. Indeed, for Kluge (2003, p. 366), it is ‘‘ostensive definition ... not
similarity, that count[s]’’ in character individuation. However, ostension alone
generally remains radically underdetermined (Quine 1964): if a native speaker
uttered ‘gavagai!’ while pointing at a rabbit’s heart, the English speaking lis-
tener could not know whether she meant ‘detached rabbit part’, ‘vertebrate
heart’, ‘four chambered heart’, or ‘let’s have this for lunch!’ Pointing at
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putatively equivalent constituent parts of two or several organisms in an effort
to establish some sameness-relation (as is the relation of homology) will
therefore have to be followed up with, or accompanied by, a description. This
description, in turn, establishes a stereotype for the kind of parts in question,
but not necessarily also the correct extension of the corresponding kind term
(Putnam 1996). Mere ostensive indication remains too underdetermined to
mark out a theoretically relevant natural kind, i.e., a kind with explanatory
value. Ostension in character conceptualization that involves paradigmatic
exemplars establishes only a structural kind (Mahner and Bunge 1997, p. 268).
Later investigation may show that such a structural kind corresponds to a
historically delimited natural kind, the tokens of which are homologues
(Rieppel 2005b).

The empirical work of systematists typically involves establishing the ste-
reotype of a structural kind as a first step towards character conceptualization
that is hoped to at least approximately (and defeasibly) capture a causally
efficacious property (Sober, 1981; Shoemaker 2003). As a systematist sets out
to reconstruct the phylogenetic relationships of a certain set of organisms that
serve as exemplars for the taxa that they represent, she proceeds to compare the
selected specimens in terms of properties that are instantiated by their parts.
What is of interest in this comparison are not simply intrinsic properties of the
organisms under consideration, but relational properties that would establish a
‘sameness’-relation between constituent parts of the organisms. In systematics,
such a ‘sameness’-relation is called homology, where ‘sameness’ is due to (is
causally explained by) common ancestry. Homology is the relation between
homologues, homologues are ‘namesakes’ (Williams 2004), i.e., constituent
parts of organisms to which the same term, i.e., a general name or natural kind
term, refers or applies. The relation of homology itself is not empirically
accessible, but must be inferred from a comparison of the organisms under
analysis and their parts. The foundation of phylogeny reconstruction, there-
fore, is an initial comparison of the organisms under analysis in terms of a
three-place-relation: two things may be of a more similar kind than a third
thing (Janich, 1993; Mahner and Bunge 1997). However, as Sober (1984, p.
336; see also Ruse 1988, p. 60; Dupré 1993, p. 45; Hull 1999; Sterelny and
Griffiths, 1999, p. 196) noted: ‘‘As philosophers have long recognized, simi-
larity without theory is empty’’. This means that even at that initial stage of
comparison, statements of similarity are character statements with proposi-
tional content (Rieppel, 2004).

To initially establish such potentially theoretically relevant similarity rela-
tions, systematists must use theoretically relevant ‘pointers’, such as relative
topological relations and connectivity of parts (morphological, molecular). The
use of these ‘pointers’ rests on the presupposition that topology and connec-
tivity are proximally rooted in the generative mechanisms of development
which, in turn, are ultimately rooted in the phylogeny of those organisms
(Rieppel and Kearney 2001; Rieppel 2005b). But presuppositions may turn out
to be wrong. Sometimes these guidelines are not applicable (e.g., red vs. blue
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tails of birds compared to birds without a tail); in other cases they may be
misleading (due to convergence or reversal). Or these guidelines may them-
selves be subject to evolutionary change (through ontogenetic repatterning: see
the discussion below). But this is only to concede that systematists sometimes
make mistakes, that what is initially proposed as a potentially theoretically
relevant similarity relation may, upon further investigation, turn out to be
useless for scientific theory construction, i.e., for phylogeny reconstruction.

Rieppel and Kearney (2002) argued that the initial similarity relation useful
in phylogeny reconstruction should not be established simpliciter, in the sense
of the primitive, innate, unanalyzed, or unanalyzable ‘similarity’ of Goodman
(1965, 1972), Quine (1994), and Hull (1999). Owen did not define homology in
terms of similarity, but rather in terms of ‘sameness’, i.e., the ‘same’ organ in
different animals under every variety of form and function (Panchen 1994;
Williams 2004). If this is the correct homology concept, then there can be no
theory-free approach to character conceptualization. The theoretically relevant
similarity relation that delivers the promissory notes for potential homology is
based on the relative topological position and connectivity of constituent parts
of an organism (both morphological and molecular) in their temporal (onto-
genetic) and spatial (ontogenetic, molecular) manifestations. If there is any
perceptual ‘sameness’ to be had in the initial act of ostension, it has to be of this
topological kind. There is no perceptual ‘sameness’ in the shape, form or
function of the lower jaw of a shark and that of the outermost ear-ossicle of a
mouse, but there is perceptual topological correspondence (during early
ontogenetic stages). Rieppel (2003) compared these classic operational criteria
of homology (Remane 1952) to ‘correspondence rules’ which, once stripped of
their connotations with sense datum theory and verificationist criteria of
meaning, imply nothing more than either an experimental setup or an obser-
vational procedure (Nagel 1961).

Correspondence rules are conventional, but they need not be arbitrary.
Indeed, the operational criteria of homology have empirically been found to be
eminently successful in the reconstruction of the tree of life (Remane 1952;
Wickler 1967; Riedl 1978), supporting the presupposition that they are at least
to some degree rooted in theories of development and evolution. In Boyd’s
(1991, 1999) terms, their use seems to be well aligned with the causal structure
of the world, at least to some degree, and defeasibly so (Rieppel and Kearney
2002). The use of criteria of homology, such as topology and connectivity is
not, therefore, theory free. Those criteria do not deliver ‘operational defini-
tions’ such as ‘an acid is whatever turns blue litmus paper red.’ Instead,
topology and connectivity play an important role in development, and the
evolutionary transformation of morphology (and behavior: Wickler 1967) is
expressed through the preservation and/or transformation of developmental
trajectories. It is precisely the problems that result from the evolutionary
transformation of developmental trajectories (ontogenetic repatterning: see
below) that show that the criteria of homology do not yield straightforward
operational definitions. A similar use of theoretically informed correspondence
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rules is known in molecular systematics: ‘‘Alignment of sequences requires
explicit and objective rules if inferences of positional homology are to be ro-
bust’’ (Hillis 1994, p. 349; but see Wheeler 2001a, b). Rieppel and Kearney
(2002) discussed several empirical examples of the application of those corre-
spondence rules and the problems that occur when such criteria are aban-
doned.

Similarity relations that are based on topology and connectivity are episte-
mically accessible to systematists (for an early illustration see Belon 1555), but
they do not necessarily satisfy Sober’s (1981) principle of causal efficacy. A
second step that involves scientific theory construction is required. The fact
that the ‘structural kinds’ of comparative morphology may be recognized as
theoretically relevant natural kinds was pointed out by Hennig (1950, p. 26),
and is also inherent in Darwin’s re-conceptualization of homology (Kitcher,
1993, p. 32). Darwin (1859) essentially took Owen’s non-evolutionary, struc-
tural concept of homology, and added the time dimension (Wagner 1994):
homology was explained differently, but the referents of homology statements
remained the same. Whether used by Owen or Darwin, the referent of the term
‘vertebral column’ was the same, but unlike Owen, Darwin explained the fact
that all vertebrates share a vertebral column via common ancestry. ‘‘On my
theory, unity of type is explained by unity of descent’’ (Darwin 1859, p. 206).

Homologues as natural kinds

Rieppel and Kearney (2002) argued that the reason that the traditional oper-
ational criteria of homology have worked so well is because they are approx-
imately, and defeasibly, aligned with the causal structure of embryonic
development that is necessarily causally linked to morphological evolution.
Embryonic development is hierarchically structured, as is the relation of
homology, and phylogeny. Embryonic development has furthermore been
recognized as modular (Raff 1996; West-Eberhard 2003), on which basis
Winther (2001, p. 117) concluded, ‘‘structural and developmental modules are
the traditional units for claims about homology.’’ Developmental modules
have in turn been claimed to be natural kinds (Wagner 1996, 2001; Brandon
1999; Rieppel 2005b), so that homologues might be conceptualized as natural
kinds, too. In order to avoid a notion of ‘natural kind’ that is too strong for
biology, Wagner (2001) invoked Boyd’s (1991, 1999) ‘homeostatic property
cluster natural kind’ as the appropriate concept for developmental modules;
the same concept can be applied to homologues.

One of the classic, deeply ‘entrenched’ (Wimsatt 1986; Schank and Wimsatt
2000) homologies of vertebrates is the vertebral column. People tend to use the
term ‘vertebral column’ in a loose fashion, meaning some sort of backbone
that supports the vertebrate body. In fact, there exist all sorts of vertebral
columns. In sharks, vertebral centra are formed by calcified cartilage
that invades the notochord. In sturgeons, four bony plates (basidorsals,
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basiventrals, interdorsals and interventrals) per body segment are applied to
either side of the notochord. Trout have a single fully ossified centrum per
body segment that almost completely replaces the notochord. This is a general
pattern for teleost fishes, but the sister-taxon of teleosts, the bowfin (Amia),
can have two centra per body segment over a variable stretch in the posterior
part of its vertebral column (a phenomenon known as ‘diplocoely’). In fossil
amphibians (labyrinthodonts), there is a set of bony elements (pleurocentra,
hypocentrum, neural arch), which surround, and partially or fully replace, the
notochord, combining with each other in a variable pattern. Other fossil
amphibians, as well as all extant ones, have a single ossification forming one
centrum per body segment. But whereas the vertebral centrum in frogs and
salamanders is homologous to the labyrinthodont hypocentrum, that of
amniotes is thought to have evolved from the pleurocentra. Evidently, if there
is a natural kind ‘vertebral column’, it can only be a homeostatic property
cluster natural kind (Boyd 1991, 1999): cartilage and bones surrounding or
invading the notochord in variable patterns. Yet the vertebral column is still
homologous throughout vertebrates – it shares the appropriate stereotype
calibrated on topology and connectivity (dorsal position in the body, con-
nected to the skull anteriorly, surrounding the spinal cord, underlain by the
aorta dorsalis, etc.) that serve as criteria of identification and re-identification.
The criteria of topology and connectivity are furthermore well aligned with the
causal processes of ontogeny. At the level of Vertebrata, the causal grounding
of the natural kind term ‘vertebral column’ lies in the genomic instruction for
sclerotome cells to migrate medially from the resegmented somites towards the
notochord, and to then differentiate into chondroblasts and osteoblasts that
will then form cartilagenous and eventually bony elements within and around
the notochord, and around the spinal cord, in a variable pattern. It is impos-
sible to give a single (definite) description of ‘the vertebral column’ across
vertebrates, but it is possible to identify somite re-segmentation, sclerotome
formation, cell migration and differentiation as the causal processes that result
in the formation of vertebral columns. All of these causal processes are con-
strained by topology and connectivity. It is these underlying causal relations of
development that determine the extension of the natural kind term ‘vertebral
column’, and that establish the homology of the vertebral column across ver-
tebrates, not as a superficial similarity relation, but as a ‘sameness’ relation that
suggests a common evolutionary origin. The suggestion of a common evolu-
tionary origin of the vertebral column requires further support through phy-
logenetic analysis (congruence), however, not only because topology and
connectivity are defeasible criteria of homology, but also because develop-
mental trajectories are themselves subject to evolutionary change.

The property of having four limbs is a similarly deeply entrenched homology
of tetrapods, but snakes have (at best) only hind limbs (Rieppel et al. 2003) or
rudiments thereof (Kley et al. 2002); most have no limbs at all. But if the
presence of four limbs is a homology of tetrapods, and if homologues are
homeostatic property cluster natural kinds, then snakes do not have ‘no limbs’,
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but ‘modified limbs’ instead (Platnick 1978), their loss being an extreme case of
modification that affects most, but not all, snakes. Indeed, the presence of
(hind) limbs in some snakes, and their loss in others, is rooted in the same
causal mechanisms that govern the development of limbs in other squamate
reptiles (Cohn and Tickle 1999; Sanger and Gibson-Brown 2004). This example
is particularly useful in showing that character conceptualization is not based
on semantic analysis (most people use the term ‘snake’ to refer to all sorts of
limbless reptiles that include both non-ophidian squamates as well as snakes),
nor does it result in the intensional (analytic) definition of taxa (on which basis
snakes could not be tetrapods: Rowe 1987). Character conceptualization is a
matter of empirical research and defeasible scientific theory construction.

The transformational vs. the generative approach to character conceptualization

There are two major paradigms under which characters are delineated in
contemporary, morphology-based systematics. One is the transformational
approach, where characters gleaned from adult phenotypes are conceptualized
as stages of a transformation series (Hennig 1966; Wiley 1981; Grant and
Kluge 2004). The other paradigm is the generative approach, where characters
are thought to be individuated through ontogenetic development (Rieppel
1993a; Oyama et al. 2001). The turtle shell (carapace) provides a prime
example to illustrate the transformational vs. the generative approaches to
character conceptualization and their consequences (for more details see Burke
1989; Rieppel and Reisz 1999; Rieppel 2001; Gilbert et al. 2001).

The turtle body is encased in a dorsal carapace and a ventral plastron.
Armadillos, crocodiles, and most bony fishes (certainly the ‘primitive’ ones)
also have a body covered by bony plates, which remain small, and may be
sutured to one another or separated by gaps. Such bony plates covering the
body of many vertebrates are called scales in fishes, osteoderms in tetrapods.
The latter term refers to the fact that these elements are formed by direct
ossification in the deep layer of the skin (dermis). As such, osteoderms are
exoskeletal elements. Endoskeletal elements are those that develop deeper in
the body, and that typically (at least primitively) undergo cartilagenous pre-
formation prior to ossification. The vertebral column, ribs, and limb bones are
examples of endoskeletal elements (for a definition of exoskeleton versus
endoskeleton see Patterson (1977)).

A transformational approach to character conceptualization explains the
evolution of the turtle shell through a gradual increase in numbers and even-
tual fusion of osteoderms, which are also present in ‘‘pareiasaurs, presumed
turtle relatives’’ (Romer 1956, p. 437). This approach is based on the com-
parison of adult phenotypes, and seeks to bridge the ‘morphological gap’ (Lee
1993) between adult structures by the search for (sometimes hypothetical)
intermediate stages. The supporting phylogenetic theory is that turtles are
nested within a clade of Paleozoic reptiles (pareiasaurs), of which the more
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derived members show an increasingly elaborate development of osteoderms
(Lee 1993). The only thing necessary to derive the turtle carapace from the
osteoderm covering of a derived pareiasaur such as Anthodon is the fusion of
relatively small osteoderms into larger and regularly arranged bony plates.
There is a snag, however, in that the shoulder blade (scapula) lies outside the
ribcage in all tetrapods except for turtles. Under the transformational para-
digm, this issue is resolved by the assumption of a gradual backward shift of
the pectoral girdle to a level inside the rib cage in turtles.

However, no backward shift of the pectoral girdle is detected through direct
observation of the ontogeny of turtles (Burke 1991). Instead, it is the ribs that
grow out to a position superficial to the scapula (Burke 1989). The topological
relations of the ribs undergo observable ontogenetic change, but the ribs still
retain their typical developmental connectivity. The turtle carapace is first
mapped out in the embryo as a carapacial disk composed of the thickened deep
layer of the skin (dermis). An inductive signal, emanating from the margins of
this carapacial disk (Burke 1989) and triggered by the expression of co-opted
genes in a novel system (Kuraku et al. 2005; Gilbert et al. 2004), re-directs the
migration of those sclerotome cells that will form the ribs to a more superficial
position outside the scapula. The cartilagenous ribs thus come to develop
within the dermis layer of the carapacial disk. Perichondral ossification of the
ribs and their lateral expansion within the carapacial disk by the formation of
trabecular bone eventually forms the costal plates of the carapace (ossification
of the endoskeletal neural arches of the vertebrae similarly contributes to the
formation of the neural plates in the carapace). The turtle carapace thus
re-combines endoskeletal and exoskeletal elements in a unique, complex, and
entirely novel way. The turtle shell is a highly integrated, novel system,
homologous throughout turtles and tied into a network of genetic and devel-
opmental causes (Kuraku et al. 2005; Gilbert et al. 2004). Authors who defend
the transformational paradigm suggest that such ‘‘developmental specializa-
tion does not provide any hint as to the way in which this pattern evolved
phylogenetically’’ (Carroll 1988, p. 210). Under the generative paradigm
such radical recombination of developmental resources in novel ways (West-
Eberhard 2003) during phylogeny may indicate some incompleteness of the
transformational paradigm (Gould 1977; Rieppel 2001). Turtles may, indeed,
not be related to pareiasaurs after all (Rieppel and Reisz 1999; Iwabe et al.
2005, and references therein).

This example documents not only the power that the concept of transfor-
mation series holds over the thought processes of evolutionary biologists and
systematists, it also documents the potential shortcomings of conceptualizing
characters as states of transformation of adult phenotypic traits. The turtle
shell is not a singular example: no transformation series has to date been
formulated for the modification of a pentadactyl reptile limb to an ichthyosaur
flipper, and no transformation series has been proposed for the transformation
of the limbs of a rock-dwelling agamid lizard to those of a tree-dwelling cha-
meleon. This is not to say that stepwise transformation of adult ancestral

103



phenotypic structures does not occur. Of course it does, but it is not the only
mode of morphological evolution, and hence it cannot be the only mode of
character conceptualization.

‘Splitters’ and ‘lumpers’

The notion of ‘splitters’ and ‘lumpers’ was first introduced by Simpson (1961,
p. 138) to refer to different dispositions amongst alpha taxonomists in their
treatment of species or higher taxa. Richards (2002, 2003) expanded this notion
to different dispositions amongst systematists in their treatment of characters,
and noted the important consequences of this threat of subjectivism in char-
acter conceptualization for phylogenetic analysis. In other words, there exists a
sliding scale between more coarse-grained or more fine-grained character
conceptualization.

Oversplitting can occur in at least two ways (see also Ruse 1988, p. 60): the
oversplitting of a developmentally, or functionally, correlated character com-
plex (Richards 2003, used the mammalian middle ear ossicles as an example),
or the separate (i.e., redundant) coding of serially homologous characters
(Richards 2002, used the spines of porcupines as an example). Both can result
in an overweighting of characters for phylogenetic analysis. Conversely, the
phylogenetic signal may be distorted by a lumping of characters on grounds of
mistaken (or at least untested) presuppositions of developmental, or func-
tional, correlation or constraints.

Chameleon hand and feet provide a good illustration of the problem. Unlike
any other ‘lizards’ (non-ophidian squamates), chameleons evolved opposing
digits that allow them to grasp branches, a condition termed zygodactyly.
According to Raff (1996, p. 353), ‘‘vertebrate forelimbs and hind limbs are
clearly serial homologues.’’ This could mean that zygodactyly in the fore- and
hind limbs of chameleons should be conceptualized as a single character with a
special developmental background and functional role that suggest a unique
evolutionary origin. However, in the hand, two outer digits (IV and V) oppose
three inner digits (I, II and III), whereas in the foot, three outer digits (III,
IV, V) oppose two inner digits (I, II). Does that make for two characters
to capture the evolution of zygodactyly? In the literature, zygodactyly in
chameleons has been conceptualized in terms of nine, putatively independent
character-states of hands and feet (Estes et al. 1988; additional characters are
coded for potentially correlated changes in other parts of the chameleon
appendicular skeleton).

In the case of chameleons, splitting, or oversplitting, of zygodactyly into
numerous character-states, is arguably unproblematic for the reconstruction of
phylogeny. This is because, among ‘lizards’, all and only chameleons exhibit
zygodactyly, such that this unique condition (called autapomorphic by syste-
matists) is not informative for the analysis of the relationships of chameleons
with other groups of ‘lizards.’ However, the number of characters coded for
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zygodactyly will be relevant in studies of evolutionary transformation rates
that involve chameleons.

In other contexts, oversplitting of structures can be more problematic for the
results of phylogenetic analysis. For example, an intense debate has recently
surrounded the discovery of fossil, mid-Cretaceous snakes with well-developed
hind limbs from marine deposits of the Middle East (Caldwell and Lee 1997;
Zaher and Rieppel 2000; Rieppel and Kearney 2001). The debate relates to the
fact that these fossils exhibit a skull anatomy that resembles that of advanced
(macrostomatan) modern snakes such as boas and pythons, whereas the
presence of well-developed hind limbs would suggest that they are the most
primitive snakes known, sister-group to all extant snakes. Boas and pythons, as
well as all more basal (more ‘primitive’) snakes (such as blind snakes, thread
snakes, pipe snakes and shield tails) retain much-reduced pelvic and hind limb
rudiments (Kley et al. 2002). Placing the fossil snakes with well-developed hind
limbs as advanced macrostomatans (i.e., with boas and pythons) raises the
possibility that limbs were re-developed from rudiments in these fossil snakes
(Greene and Cundall 2000; Tchernov et al. 2000), something that many find
biologically implausible (e.g., Coates and Ruta 2000; Rage and Escuillié 2003).
Alternatively, this phylogenetic hypothesis might imply that limbs were lost
more than once and/or that ‘missing’ fossil snake lineages might resolve this
case of character conflict (see discussion in Rieppel et al. 2003).

The empirical question that arises in this context is how many characters to
code for the skull as opposed to the limb? Splitting the limb into a large
number of separately coded characters will result in a grouping of all extant
snakes on the basis of a corresponding number of ‘limb loss characters.’
Notwithstanding their advanced skull structure, the fossils would thus be
placed as the most basal snakes, sister-taxa to all extant snakes (and potentially
documenting a marine, as opposed to a terrestrial, origin of snakes). If, on the
other hand, the presence of well-developed hind limbs is coded as a single
character, or balanced by an equivalent degree of (over-)splitting of skull
characters, then the skull characters may override the signal from the limb
characters, resulting in a placement of the fossil snakes with advanced mac-
rostomatans. Given the total evidence at hand at the time, Tchernov et al.
(2000, p. 2012) noted in their analysis of the phylogenetic relationships of one
of these snake taxa (Haasiophis) that 15 limb characters were sufficient (and
required) to pull the fossil snakes with well-developed hind limbs to a basal
position outside all extant snakes. But, as noted by Richards (2002, 2003), it is
a decision to be taken by the investigator how many limb characters or skull
characters to code. Further, either phylogenetic result can be favored if char-
acters are not required to have any causal grounding, but are simply based on
the investigator’s disposition (Kearney, in press).

Oversplitting of characters potentially violates the theoretical assumption
that each of those characters evolved independently. Vane-Wright (2001,
p. 592) deplored the lack of a sharp ‘‘stopping rule’’ for practical character
subdivision, and indeed, there cannot be such a rule. A putatively a-theoretical
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approach to character conceptualization (Härlin 1999) may easily identify ways
to break up the hind limbs of fossil snakes (with 12 individual elements at least
partially preserved in the best fossil, Haasiophis: Tchernov et al. 2000) into 15
or more characters, but the biological plausibility of such a strategy will remain
questionable. To conceptualize homologues as homeostatic property cluster
natural kinds may not allow drawing a sharp line for how many characters can
or should be coded for a structural complex, but it does require theories of
inheritance, of development, and of functional anatomy to bear on the problem
of character conceptualization, because tokens of natural kinds are supposed
to take part in causal processes. This stands in contrast to the a-theoretical
approach to character conceptualization, which often results in the kinds of
irresolvable phylogenetic debates described above due to differing dispositions
of systematists in character coding (Rieppel and Kearney 2001, 2002).

Indeterminacy

Kitcher (1993, p. 103) registered surprise as to how much ambiguity scientists
are prepared to entertain in their theory construction. ‘‘Scientists usually have
the intention of referring to natural kinds, picking out the real similarities in
nature’’ (Kitcher 1993, p. 104), but if uncertain, systematists may deploy
ambiguous terms or descriptions. LaPorte (2004) identified vagueness – open
texture – for many natural kind terms, whose meanings may get refined or even
change by ongoing empirical investigation. It is no surprise that ambiguity
abounds in character conceptualization, especially if the latter proceeds
uncritically. But there also appear to be cases where ambiguity seems
unavoidable, as in cases of ontogenetic repatterning. Ambiguity of a different
kind also obtains in cases of very simple transformation series, such as a step
from the presence to the absence (i.e., loss) of a structural element.

The zygodactylous chameleon foot is an example of ontogenetic repatterning
(Rieppel 1993b). In all ‘lizards’ (non-ophidian squamates) with well-developed
limbs, a single large cartilaginous block forms in the proximal tarsus during
ontogeny. Later, two ossification centers appear in that proximal tarsal car-
tilage, first the astragalus, then the calcaneum. Chameleons also form a
proximal tarsal cartilage, but only a single ossification center ever appears
within it. Should it be called the astragalus, because this is the first element to
appear in the proximal tarsus in other ‘lizards?’ But since it is known that the
relative timing of developmental events can change (e.g., Gould 1977), it might
also be the calcaneum. There is no evidence that allows discrimination between
the two choices. Due to this ambiguity, the element has been called the
astragalo-calcaneum (Estes et al. 1988), but then this seems to imply fusion of
these elements, when no fusion of two ossifications is ever observed during
chameleon ontogeny. Although ambiguous, the situation is not problematic in
this particular case, because zygodactyly is uninformative (autapomorphic)
with respect to chameleon relationships to other squamates.
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However, other problematic examples of ‘simple transformation series’ in-
volve potentially informative characters. The plesiomorphic squamate condi-
tion (the ‘primitive’ condition for the clade that comprises ‘lizards’,
amphisbaenians, and snakes) is to have two bones behind the orbit. Of those,
the anterior one is called the postfrontal, the posterior one the postorbital. This
condition is observed amongst iguanas for example. Most lizards retain only a
single bone behind the orbit: is it the postfrontal, postorbital, or a fused
postorbito-frontal? If developmental data are available, and if two separate
elements can be observed to fuse during ontogeny, the element may be called a
postorbito-frontal. If no ontogenetic data are available, or if such data are
available but document the presence of only a single bone throughout devel-
opment (as is the case in all those snakes that do retain a bone behind the
orbit), the application of either the term ‘postfrontal’ or the term ‘postorbital’
to the single element must remain ambiguous. There is no way of knowing
which one of the two bones was lost. Pythons add more to the problem by
having two bones related to the orbit, of which the anterior one is located
above, rather than behind, the orbit. Do pythons have an anteriorly displaced
postfrontal together with a postorbital, or did a new element, a ‘supraorbital’,
evolve in this clade? Only entrenchment through continued use (Goodman,
1965), not insight into underlying causality, has fixed the bone above the orbit
in pythons as the referent of the term ‘supraorbital’ amongst herpetologists.

Problems of establishing the correct nature of the ossifications behind the
orbit have led herpetologists to take recourse to terms with partial reference
(Field 1973; for a brief account of the concept of ‘partial reference’ see Devitt
1997; Lycan 2000; ‘reference potential’ in Kitcher 1993). Abandoning a stip-
ulative approach to the definition of circumorbital elements (Estes et al. 1988),
Scanlon and Lee (2000, supplementary material) proposed the following re-
vised character conceptualization: ‘‘posterior orbital ossifications: present/ab-
sent; one/two’’. A later version that further illustrates this unavoidable
ambiguity of reference reads: ‘‘Postorbitofrontal ossification(s) in adults. 0, one
discrete ossification, conventionally termed postorbitofrontal ... 1, two discrete
ossifications, conventionally termed the postfrontal and postorbital. 2, no
discrete ossifications... ‘‘ (Lee and Scanlon 2002, p. 356).

This, again, is not a singular example. In typical ‘lizards’ (non-ophidian
squamates), the lower jaw is suspended via the quadrate bone from two bones
in the skull roof: the medial supratemporal and the lateral squamosal. Only one
of these bones is retained in the skull roof of gekkotans (geckos and pygopods),
identified as the ‘squamosal’ (Underwood 1957). In snakes, a single bone again
is preserved, this time called the ‘supratemporal’ (Estes et al. 1988). The
application of ‘supratemporal’ to snakes is a matter of pure entrenchment
(sensu Goodman 1965) due to prior and continuing use of this term in that way
by an overwhelming majority of herpetologists. Such entrenchment can have
theoretical consequences. A relationship of snakes with gekkotans has indeed
been proposed (Iordanski 1978), such that applying the same or different
names to the bone serving the jaw suspension (remember that homologues are
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‘namesakes’: Williams 2004) could potentially have theoretical consequences
(a snake – gekkotan sister-group relationship is not currently under consider-
ation, however).

The question naturally arises whether such unavoidably ambiguous char-
acter conceptualizations are good enough to be used in phylogenetic analysis?
Some would not admit such characters into the analysis, others might conclude
that they should be retained as long as ‘‘better than chance predictions’’
(Griffiths 1999, p. 216) about their instantiations can be made. But whatever
the nature of the characters so conceptualized, they cannot be natural kinds,
they are at best structural kinds.

Discussion and conclusions

The identification and re-identification of morphological characters in sys-
tematics requires theoretical input at various levels. Empirical research and
theory construction in systematics typically proceeds from the establishment of
a structurally grounded ‘sameness’-relation based on topology and connec-
tivity of constituent parts of organisms to the causally grounded ‘sameness’-
relation of homology. The first step yields structural kinds that have the
potential to be natural kinds, the second (homeostatic property cluster) natural
kinds. The recognition of structural kinds as natural kinds is mediated by
research into the causal grounding of character statements (in theories of
inheritance, development, and functional anatomy), and is further supported
by the congruence (i.e., coherence) of character statements relative to a hier-
archy in phylogeny reconstruction.

Topology, connectivity, and congruence evidently play a major role in
homology assessment in molecular systematics also, both at the nucleotide as
well as at the sequence level (Wheeler 2001a, b). However, problems of
alignment both at the nucleotide and at the sequence level, as well as the
shifting domains of homology under the direct optimization alignment pro-
cedure (Wheeler 2001a, b), render the comparison of molecular and morpho-
logical relations of homology problematical (Patterson 1987, 1988). We argued
above that congruence of morphological characters is a necessary, but not a
sufficient, condition for homology. Given the exceedingly complex relations
that anchor nucleotides in causal networks of gene expression and regulation,
molecular systematists today are focusing on a predominantly algorithmic
approach. This approach seeks maximal congruence of as many data as
possible under the assumption that a statistically significant degree of con-
gruence would not obtain due to chance alone. This does not mean, however,
that molecular systematists do not look towards future improvements in
methodology that would provide a stronger grounding of homology relations
in causal processes.

It is perhaps themethodologicallymotivated desire tomatch an ever increasing
amount of molecular data with a proportionate number of morphological
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characters in a ‘total evidence approach’ that has fostered the idea of the
logical primacy of trees over characters, and resulted in an over-reliance
on character congruence as the only arbiter of morphological homology (e.g.,
Härlin 1999; seeDisney 2003, for a response). Character congruence with respect
to a hierarchywill help sort putative homology fromhomoplasy, butwith respect
to morphological characters, it cannot solve problems of ambiguous character
definitions, poorly or even wrongly conceptualized transformation series, or
oversplit or overlumped character complexes. What Richards (2002, 2003) put
his finger on is the trend towards an increasingly theory-free approach to char-
acters, compensated for by an increasingly large number of characters to be used
in phylogenetic analysis (Rieppel and Kearney, 2002). This research program
results in whatWägele (2004, p. 109) called ‘‘phenetic cladistics: elegant analyses
withmany sources of error.’’ The problemwith this approach is that an appeal to
causal relations has been buried under the logic of numbers. But biology has a
long tradition of doing much better: evaluating characters in a causal (develop-
mental, functional) context. Suchwould indeed seem to be required if systematics
is to play the foundational role in evolutionary studies that Sterelny andGriffiths
(1999) request for it.
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