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Systematics based solely on structuralist principles is non-
science because it is derived from first principles that are
inconsistent in dealing with both synchronic and diachronic as-
pects of evolution, and its evolutionary models involve hidden
causes, and unnameable and unobservable entities. Structural-
ist phylogenetics emulates axiomatic mathematics through
emphasis on deduction, and “hypotheses” and “mapped trait
changes” that are actually lemmas and theorems. Sister-group-
only evolutionary trees have no caulistic element of scientific
realism. This results in a degenerate systematics based on pat-
terns of fact or evidence being treated as so fundamental that
all other data may be mapped to the cladogram, resulting in
an apparently well-supported classification that is devoid of
evolutionary theory. Structuralism in systematics is based on a
non-ultrametric analysis of sister-group informative data that
cannot detect or model a named taxon giving rise to a named
taxon, resulting in classifications that do not reflect macroevo-
lutionary changes unless they are sister lineages. Conservation
efforts are negatively affected through epistemological extinc-
tion of scientific names. Evolutionary systematics is a viable
alternative, involving both deduction and induction, hypoth-
esis and theory, developing trees with both synchronic and
diachronic dimensions often inferring nameable ancestral taxa,
and resulting in classifications that advance evolutionary the-
ory and explanations for particular groups.
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Structuralism in Phylogenetic Systematics

Biological systematics does not exist as independent of chang-
ing philosophies in other fields. Structuralism (Overton 1975;
Matthews 2001) was introduced by Ferdinand de Saussure
(1857–1913) to linguistics (Balzer et al. 1987; Barry 2002),
and spread as a postmodern “rejection of all things past” to ar-
chitecture, art, anthropology, literary theory, psychology, psy-
choanalysis, mathematics, and, as is now evident, to system-
atics (Rieppel and Grande 1994: 249). It is intended to replace
empiricism, which involves observation, data, and experiment
leading to testable hypotheses, and empiricism rejects hidden
causes and unnameable or unobservable entities. Structuralism
emphasizes the importance of irreducible hidden structures
that are essentially engraved in the ground of being, exist at all
times as axiomatic, and are not properly dealt with by theories
of changes or processes in nature (Piaget 1970; Gilbert et al.
1996; Brading and Landry 2006). Such ahistorical and syn-
chronic structure is, in structuralism, the ultimate reality that
contributes to the human-mediated appearance of what we ob-
serve. Although the word “structuralism” is sometimes used to
refer to biological developmental design limitations on evolu-
tion, in this article it refers to apparently fundamental nesting
patterns of similarity that imply evolutionary relationship.

Science, Mathematics, and Phylogenetics

Science, mathematics, and phylogenetics may be compared
with reference to patterns in nature. Mathematics is consistent
in all dimensions, bounded only by Gödel’s Incompleteness
Theorem and certain intuitionist inroads on axioms (Kline
1980). It is axiomatic, using lemmas (proven statements used
as logical stepping stones) and theorems (statements proven on
the basis of previous true statements). It is entirely deductive
(mathematical induction is not the same as inductive reason-
ing, it is actually a rigorous deduction). It ignores causes and
real entities. Moreover, it is doxastic, as we have faith that it
is true because a deduction must be true if based on a true first
principle (Chesterton [1933] 1956: 154). It is also somewhat
magical in that mathematical concepts, no matter how convo-
luted or pyramidal, can be expected to work well every time
in real situations.

Science (including evolutionary systematics as distinct
from phylogenetics) is paraconsistent, as there may be con-
tradictory theories but we need them to deal with nature; e.g.,
wave and particle theories of light, polythetic species descrip-
tions, and different species concepts. It does not, however,
ignore any fundamental dimension, i.e., one not reducible to
component terms, like length and force. It is non-axiomatic and
corrigible because scientific theory is expected to be continu-
ously tested by new facts. It is based on hypotheses and theories
involving causal explanations (Frost-Arnold 2010) with a foot-
print in natural phenomena. It uses both deductive and induc-
tive reasoning (Cleland 2001), say, theory of evolution using

deduction from, e.g., fossils and polyploidy, and induction to
extend the theory to all evidence and species. It is founded
on empiricism in rejecting hidden causes and unnamed or un-
observable entities. Moreover, it is nondoxastic because we
require that all theories and assumptions be falsifiable or at
least have some demonstrable causal connection with natural
phenomena. The only quasi-fundamental patterns in science
are certain laws and principles of physics (Giere 2005), and
even these are presented in such a way as to be subject to fal-
sification. The magic is in the greatly advanced understanding
of nature through scientific theorization based on all available
facts, and competition between alternative theories.

Phylogenetics projects an aura of the exactitude and cer-
tainty of mathematics. It is, however, not consistent because
its apparently fundamental patterns are generated only by
sister-group analysis. A whole dimension, accessible through
ancestor–descendant analysis, is ignored, yet is critical to evo-
lutionary theory as being directly involved in inferences of
“descent with modification.” Phylogenetics is axiomatic in the
sense that sister-group trees are taken as lemmas and traits
or distributions mapped thereon as theorems (though these
are incorrectly called “hypotheses”). It is largely deductive,
citing the “hypothetico-deductivism” of Popper (1959) but
substituting observed pattern for hypothesis. It rejects empiri-
cism in rejecting or at least relegating non-phylogenetically
informative data and in relying on unnameable “shared ances-
tors” as hidden causes. And it is doxastic, as adherents believe
that sister-group analysis of evolution is the only acceptable
basis for classification because it reflects facts of present-day
evolutionary relationships, not theory. Phylogenetics is nei-
ther mathematics nor science because of the categorical pre-
scriptions and proscriptions in axiomatic structuralism (see
Giere 2005). A phylogenetic tree is linguistically “pseudo-
referencing,” imbuing a representation with import it lacks,
and there is no real magic in that.

Classification

Classification is the structured language by which coherent
groups in nature are represented. A protothetic classification
(based on first principles) may be internally consistent and pre-
cise (Rieppel 2011), but is empty without process-mediated
content (Gilbert et al. 1996; Rieppel 2010). Axiomatic ge-
ometry, for instance, did not replace empiricism when it was
discovered, but established empiricism on a firm and regular-
ized basis in both applied and research venues. It is tempting
to treat theoretically refractory but otherwise pattern-forming
phenomenon as metaphysical Platonic structures, but any set
of phenomena can be treated as well-documented observa-
tions in search of a theory. Even the almost magical Prin-
ciple of Least Action now has a well-established theoretical
explanation through quantum effects in the mesocosm (Hanc
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et al. 2003). Structures discovered in fields other than mathe-
matics and physics are mostly real in some sense (“Meinong’s
Jungles” sensu Jacquette 1996), yet, though important to prac-
titioners despairing of subjective or multiple analytic view-
points, are hardly of the import and demonstrable value of
mathematical and physical axioms. There are, however, uses
for structuralist forms of analysis in an empirical context (van
Fraasen 2007). The structuralist slogan, “theoretical knowl-
edge is knowledge of structure only,” on the other hand, can
be pitted, in science, against the long-accepted completeness
criterion that science must explain how things manifest them-
selves as content in reality, namely through an inferred or ob-
served process (Dewey 1950: 12; Giere 2009). Phylogenetics
asserts that parsimony, Bayesian, and maximum likelihood-
derived patterns of exemplars’ shared ancestry, particularly
statistically certain or near-certain molecular cladograms, re-
flect fundamental structures in nature, and classification should
reflect these patterns. I say classification should not, because
present patterns of relationship are only evidence of past evo-
lutionary processes in nature. Testing the integrity of a theory
of process requires both deduction and induction of a theory
from that evidence (Cain 1959). That theory may be as sim-
ple as and as fraught as naming a node in a cladogram as a
diagnosable species or higher taxon.

Systematics has followed several scholarly fields in
reconstructing fundamentals by emphasizing relationships
over that which is related (Nelson 1989; Avise 2000: 1830;
Brower 2000). The elucidation of structuralist patterns is
presently preferred by phylogeneticists (these often pattern
cladists; see Scott-Ram 1990; Griffiths 1996) over syncretic
classifications based on a multiplicity of theoretic viewpoints
(Beatty 1994) in examining aspects of evolution. Saussure
and other structuralists also emphasized that language is a
complete system at one point in time (synchronic), and histor-
ical, diachronic elements should be eliminated to the extent
possible (Dosse 1998: 206). Phylogeneticists commonly assert
that lineages are diachronic, i.e., have an inherent historical
element (Lee and Wolsan 2004), but both cladistic analysis
and resulting classifications commonly ignore information
leading to theories of macroevolutionary history involving
taxa. According to Okasha (2003: 745), “Clades are by def-
inition monophyletic, and as a matter of logic, monophyletic
clades cannot stand in ancestor-descendant relations with
one another.” Phylogeneticists, in sum, definitionally and
axiomatically eschew theory-based reasoning and inference
from evidence, all these being well-known attributes of
scientific thought. Hull (2005: 17) stated that “treating descent
as being prior to similarity with respect to scientific theories
results in some extremely counterintuitive groupings.”

Pataphysics is a postmodern “philosophic alternative to
rationalism” (Bok 2001: 3) that inserts elements into language
arts that are two steps removed from reality. A pataphor (Lopez

1990) is an extended metaphor that creates its own context.
Metaphor is established, and is reified as part of the story or
image. In phylogenetics, the structuralist problem is demon-
strated in the following figures of speech: simile: “evolution
is like a tree”; metaphor: “evolution is a tree”; pataphor: “the
tree is evolution.” A phylogenetic tree is presented as a pat-
aphor. On the other hand, a structuralistically reified metaphor
of an evolutionary tree, the cladogram, only represents a set
of nested parentheses modeling sister-group relationships of
extant taxa. Although phylograms with branch lengths noted
on them seem to clothe the tree limbs with information, these
distances involve nodes, which are not named (except with the
uninformative and somewhat circular term “shared ancestor”)
and are treated as a third entity different from the two daughter
groups even when phenotypically indistiguishable from one of
the daughter species (Okasha 2003). Nonparametric bootstrap
and credible intervals are measures of support for the “paren-
theses of life,” not for a reified tree of life.

The lines forming a cladistic tree are actually no more
than visual aids that help sort out the often complex nesting
of inferred sister groups of operational taxonomic unit (OTU)
exemplars. The nodes (places of dendrogram branching) are of
no substance and are much like Leibniz’s monads whose real-
ity is entirely in their relationships or pre-established harmony
(Ogrodnik 2004). Nodes on phylogenetic trees are unnameable
because to do so would force branch collapse to ensure holo-
phyly (strict phylogenetic monophyly), thus a phylogenetic
tree is haecceitistically vacuous; pithily put by Stein (1937:
289): “There is no there there.” A phylogenetic tree as pataphor
is indefensible even as a heuristic in the context of extreme sci-
entific realism (Sober 2008: 96) because the tree that is not a
tree is also intentionally presented as information about a very
limited aspect of evolution (sister-group relationships), this
further scrambled in classification (as scientific names given
to exemplar specimens post hoc) by enforced holophyly (strict
phylogenetic monophyly). Although one-dimensional nested
parentheses of the relationships of extant taxa are of interest,
even more important is the process-based history of relation-
ships, such as is modeled by ancestor–descendant relationships
of taxa in a truly two-dimensional caulogram (Zander 2008b,
2010). An evolutionary tree of both sister-group and ancestor–
descendant relationships involving causal or at least historical
explanation may be acceptably reified as a pataphor in the
context of extreme scientific realism, but many may prefer an
instrumentalist view (Sober 2008: 97) that even fully modeled
evolutionary entities are simply theories in search of further
explication and support.

Structuralism in Phylogenetics

In this article, phylogenetics is considered to reflect struc-
turalism in focusing on the emergence, under analysis, of tree
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diagrams of relationships. For instance, according to Williams
and Ebach (2007: 260; authors’ emphasis): “Patterns can only
be discovered if we consider it [sic] to be the primary aim of
biology—science as a pattern and not science as a process.”
There is, however, insufficient attention paid to additional em-
pirical aspects involving discursive reasoning about process
(Dewey 1950: 12) involved in evolutionarily relevant facts not
in the cladistic data set. Phylogenetics uses sister-group analy-
sis as an axiomatic basic framework (Farris et al. 1970; Brower
2000) for classification. It rejects, through application of the
principle of holophyly in classification, any hint of macroevo-
lution involving taxa giving rise to taxa of the same or greater
rank. This leads to theoretical under-determination by struc-
turalist rejection of empiricism involving elucidation of histor-
ical, causal processes. In statistical psychology, diagrams that
model phenomena but lack essential information, with the idea
of “less is more,” are considered problematic (Wilkinson et al.
1999: 605). Rees (2000: 68) has pointed out that a scientifi-
cally “bad” theory is one that “is so flexible it can be adjusted
to account for any data.” Holophyly, an axiomatic principle in
classification, is not a fact or theory but provides that flexi-
bility in phylogenetics. The inference of ancestor–descendant
taxa at the taxon level from analysis restricted to sister-groups
is impossible unless based on arbitrary assumptions (Rieppel
and Grande 1994; Rieppel 2011).

Structuralism, perhaps because it is basically a “content-
free” methodology (Overton 1975), can introduce an aspect
of “hard science” into fields lacking clear axiomatic concep-
tual foundations. Although definitions are various (Matthews
2001: 1), most generally a structure is an operational set with
no defined meaning, grouping elements with no defined con-
tent through relationships that are not specified (Aczel 2007).
For instance, in mathematics, the Bourbaki group in France
reconstructed the foundations of mathematics emphasizing
set theory (Giere 2005) as a structuralist framework (Aubin
1997). They are now in eclipse because set theory is in-
adequate in various respects (paradoxes, inflexibility) com-
pared to, for example, the somewhat more flexible category
theory (Bell 1981), though in it, likewise, objects have no
meaning of their own, except in the way they relate to each
other. Modern chaos theory, fractals, and catastrophe theory
are quite important but are not structuralist. The Bourbaki
group was responsible for the “New Math” once widely taught
in schools. In anthropological alliance theory, Lévi-Strauss
([1949] 1969) included a mathematical analysis (by Bour-
bakian A. Weil using set theory) of complex incest taboo pat-
terns in Australian aboriginals showing that all subgroups do
eventually intermarry (as an irreducible set). Piaget (1970)
detailed apparent latent structures in the human mind that
he suggested comprise the foundation of all science, the ul-
timate source, for instance, of neural networks and genetic
algorithms.

It is in the structuralist apprehension of apparent reality
as human-generated symbols and signs where new scientific
discoveries (e.g., macrocosmic relativity, microcosmic uncer-
tainty) may seem to change mesocosmic reality, as popular-
ized in the technological structuralist “connections” of Burke
(1995). Empiricism is rejected in favor of a focus on univer-
sal hidden patterns. The scientific paradigms of Kuhn (1970)
have been viewed as simply politically convenient human con-
structs on the fundamental cultural syntagm (structured set of
paradigms, e.g., in parsed sentences) of Saussurian structural-
ism (Sardar 2000). In the case of systematics, when evolution-
ary theory is discussed it is secondary to and necessarily fully
dependent on the discovered structure; this implies the lack of
substantive theory cautioned against in statistical psychology
(Wilkinson et al. 1999: 604). Total subservience of theory to
structure obtains even when the structure is probably wrong
theoretically, inasmuch as paraphyly and polyphyly have been
estimated as widespread in extant taxa (Rieseberg and Brouil-
let 1994; Funk and Omland 2003) and doubtless occurred
widely in ancestral taxa. Phylogenetics commonly attributes
heterophyly (particularly phylogenetic polyphyly) to conver-
gent evolution, but a deeply shared ancestral taxon is another
explanation. One should be aware that from a structuralist per-
spective, convergence could be an evolutionary force due to
structural attractors (Batten et al. 2008).

By reframing systematics as dependent first and foremost
on molecular cladograms, the phenomenon of statistical cer-
tainty for some sister-group relationships is philosophically
“saved” as global certainty. However, as soon as one adopts
a pluralist methodology and looks for additional explanation,
for instance concerning a caulistic basis—that is, naming taxa
at cladogram nodes when possible—of classification, then cer-
tainty is no longer global and we return to empiricism. Saving
phylogenetic cladograms from empirical emptiness (Rieppel
and Grande 1994: 231), on the other hand, may be accom-
plished through the historically based and therefore causally
based isomorphism between cladograms, one generated from
morphological data and another from molecular data. Isomor-
phism supports the consilient structure hidden in both data sets,
both when the cladograms match, and when they do not, being
isomorphic in the caulistic dimension. Thus, a taxon shown to
be “primitive” in a morphological cladogram but advanced in
a molecular cladogram might be proposed as including theo-
retical progenitors (at that same taxon level) of many clades
lower in the molecular cladogram.

Structural realists (e.g., Brading and Landry 2006) assert
that what actually arranges phenomena is the world as a series
of diachronic events; and, if “structure is all” then the “no-
miracles” argument applies in that it would be a miracle for
there to be any success in, say, an evolution-based classifica-
tion, without evaluating process. The “no miracles” argument
(Brading and Landry 2006; Frost-Arnold 2010) also applies
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in the case of evidence for ancient paraphyly and surviving
ancestral taxa (i.e., as causing present-day heterophyly). The
principle of holophyly is invoked to lump or split and thus
eliminate inconvenient taxic paraphyly or polyphyly, render-
ing a cladogram miraculously precise and monophyletic. The
“measurement problem” in physics also applies here. When
more than one perspective is necessarily used on a problem,
then there can be no unique solution or precise structure. Thus,
a certain amount of imprecision must be tolerated but this pro-
vides content beyond the structure that renders theory non-
vacuous (Schmidt 2008).

Even if we allow that phylogenetic analysis of data does
reveal a fundamental structure in nature, then that revealed pat-
tern (of nested exemplars) is of data about relationships, and
does not advance a new process-based theory about causal or
timewise connective relationships involving descent with mod-
ification among those exemplars. Any implication of causal
connections involves “shared ancestors,” which are hidden
causes involving unnamed entities, and such reference is not
science because not empirical and not corrigible. Thus, phylo-
genetics involves selected facts about evolution that are com-
monly well supported, but scramble an evolution-based clas-
sification because theory is skipped.

Macroevolution is used here in Jablonski’s (2007) sense
as evolution at and above the species level, as opposed to
microevolution, being minor genetic and phenetic changes
within a species, although this may (or may not) lead to
speciation through infraspecies in gradualist scenarios. Sys-
tematic pattern and evolutionary process are nowadays com-
monly divorced in the development of phylogenetic classi-
fications (Rieppel and Grande 1994), beyond acknowledg-
ment that shared advanced traits imply shared immediate
ancestry. This leads to well-defined sister-group cladograms
that are amenable to mathematical and statistical manipula-
tion, the “mechanized knowledge” of Gigerenzer et al. (1989:
211). However, as ancestor-descendant relationships are ig-
nored (O’Keefe and Sander 1999; Mayr and Bock 2002; Grant
2003; Dayrat 2005), it also leads to empty precision (Rieppel
2011). By that I mean it is precise to note “((A,B)C)D,E”
but if there is evidence that the taxon represented by ex-
emplar A is the surviving direct ancestor of B, or possibly
even of C as well as of B, the precision concerning sister
groups is misleading through lack of representation of an-
cestral taxa when these are inferable, some apparent sister-
groups being actually ancestor–descendant series. According
to Holton (1993: 164), modern science is underpinned by
Galileo’s four great novelties: quantification of nature, mech-
anization of nature, distancing of science from everyday expe-
rience, and from religion. The address of modern systematics
through heavy statistics and molecular data appears to fit such
criteria, yet treats sister-group diagrams doxastically as first
principles.

The essential problems of modern-day phylogenetics are
a misunderstanding of traditional methods, phylogenetics’
total focus on sister-group relationships, rejection of appro-
priately classifying phylogenetically paraphyletic taxa, empty
inferences by large leaps in assumptions associated with what
an exemplar specimen can represent in molecular analysis,
and ultimate rejection of representing macroevolution in clas-
sification (Knox 1998; Grant 2003; Bock 2004; Zander 2007b,
2008a, 2009, 2010; Cavalier-Smith 2010). This article is not a
defense of paraphyletic taxa (e.g., Sosef 1997; Brummitt 2003,
2006; Hörandl 2006, 2007; Zander 2007b, 2007c) as such,
because paraphyly is a phylogenetic, not an evolutionary,
concept, it being based on sister-group diagrams lacking
ancestor-descendant inferences. Paraphyly is a disparaging
(“para”—closely resembling the true form, almost, inade-
quate) phylogenetic term for what are apparent surviving
ancestral taxa reduced to their sister-group structural context
on a cladistic tree, even though they are clearly better inter-
pretable as the ancestral element in mother–daughter groups.
Paraphyly is a phylogenetic code word for nomenclaturally
signaled macroevolution in a sister-group (i.e., nonprogenitor-
descendent) context, problematic to phylogenetics because
sister-group analysis alone cannot identify macroevolution.
For clarity, the term paraphyly is used in the present article in
the evolutionary sense for extant ancestral euphyletic (“eu”—
perfect, proper, core) taxa. Phylogenetically paraphyletic
taxa are surviving ancestors of other extant, apophyletic taxa
(sensu Carle 1995, a taxon at the same rank or greater than
the paraphyletic taxon in which it is nested, or “autophyletic”
sensu Zander 2010), and are diagnosable at a taxonomic level
inclusive of all exemplars except those of the apophyletic,
descendant taxa.

In addition, according to Mercier and Sperber (2011), a
well-established part of critical reasoning is epistemic vigi-
lance, including coherence checking and trust calibration. As
to coherence checking, structuralism by its absolutist nature
negates integrating new information with old, because the old
theoretical context is entirely replaced by the revealed hidden
structure; while trust calibration is replaced by mathematiza-
tion and empty precision.

A Need for a Pluralistic Systematics

There is a need to develop evolution-based classifications that
address all available information on evolution of a group
(Racheli and Racheli 2006). Such a system would not be
“self-sealing,” that is, a system automatically discounting ad-
verse evidence, as with the latter day Freudian psychology as
discussed by Oppenheimer (1957) and in systematics by the
principle of holophyly. The inclusion of caulistic appraisals
provides the ground for conciliation of methods that separately
produce rather different results. This conciliation is without
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overemphasis on classical systematics, morphological phylo-
genetics, or molecular systematics, and is compatible with any
species concept (e.g., as discussed by Mayden 1997) that oper-
ates in both sister-group and ancestor–descendant dimensions.
The method of patrocladistics (Stuessy and König 2008) gener-
ates classifications based on both taxon divergence (patristics)
and tree structure, but incorrectly assumes that phylogenetic
trees present fairly accurate sequences of sister-group speci-
ation events, that nodes have ontological substance, and that
traits evolve, i.e., estimation of state changes is not affected by
surviving progenitor taxa.

The needless splitting and lumping associated with the
practice of holophyly (Zander 2007b) cripples the use of
phylogenetic classifications by other fields because biases are
introduced that may be “discovered” by evolutionists, biogeog-
raphers, ecologists, and others as apparent real natural features
of evolution even though there is no natural process represented
by strict phylogenetic monophyly. There have been no critical
problems with the standard Linnaean classification in groups
represented in the past as ancestor–descendant “Besseyan
cacti” (e.g., Bessey 1915), as exemplified by Wagner (1952)
and Zander (2008b, 2009). Given pluralist methodology, the
standard classical approach to nomenclature is both appropri-
ate and adequate. Such classification serves as a well-hooked
framework for a wealth of information from many fields. As
there are seldom specimen exemplars (OTUs) in morphologi-
cal parsimony analysis, which mainly uses taxon descriptions
as OTUs, a cladogram based on morphology at best reviews
and details the relationships of classical taxonomy. Where clas-
sical taxonomy evaluates “local” evolutionary relationships
of individual specimens and traits, parsimony can provide a
broad-based nested summary of all such evaluations, the goal
being a detailed natural key or cladogram equivalent, that is, a
key involving natural explanations (see Giere 2005). Problem-
atically, many processes are involved in evolution (Hörandl
2007). For instance, identifying surviving ancestral taxa on
the basis of other data than that in the cladistic data set yields a
tree that is less parsimonious in length (increasing the number
of trait changes) but more parsimonious in having fewer num-
bers of postulated taxa or entities (nodes). Reviewers of an
early draft asserted that I was creating straw-man arguments,
but this is not so. One must remember that those used to struc-
turalist “tree-thinking” have difficulty grasping the relevance
of scientific theory and of the caulistic dimension in the pre-
liminary evolutionary analysis that leads to evolution-based
classifications. Griffiths (1996) has pointed out in a discussion
of pattern cladism that phylogenetic systematics is the most
successful method of sorting organisms into kinds represent-
ing generic forms or “rich clusters of properties that can be
relied upon to hold up in unobserved instances,” which I inter-
pret simply as new facts on a subject commonly fit well with
old facts whether a causal theory is available or not. Griffiths

(1996) explained that projectable categories (e.g., taxa in natu-
ral classifications or keys) are based on members being related
by common ancestry, and their “essences” are historical. Such
explanations are trivial, circular, or metaphysical. There are
better, process-based explanations for recognizing both sister-
groups and ancestor–descendant series (Brummitt 2003, 2006;
Hörandl 2006; Zander 2007b).

A new syncretic systematics is needed to meld the best
features of empiricism and structuralism, and classical tax-
onomy and phylogenetics. Though theoretically pluralistic
(Beatty 1994; Rieppel and Grande 1994: 234; Giere 2009),
methodologically and theoretically eclectic, science is not “on-
tological opportunism” as discussed by van Fraasen (2007). It
is also not as inflexible as the principle of complementarity
in physics (Oppenheimer 1957), in which two methods that
are valid separately simply cannot be combined, e.g., wave
and particle theories of light, although both must be sepa-
rately recognized as part of a complete description of natural
processes. The key to conciliation in systematics is exami-
nation of the caulistic dimension (the ontological substance
of cladogram nodes), heretofore largely ignored in numerical
studies in favor of the sister-group context. Ridley (1996: 379)
has pointed out that an objective classification must represent
unambiguous properties of nature. Although we aim to pro-
duce objective classifications, at the present time analysis of
ancestor–descendant relationships is less certain (involving the
perils of pluralist methods, scientific intuition, and discursive
reasoning) than is elucidation of sister-group relationships.
The latter ignores major uncertainties contributed by, for ex-
ample, surviving ancestral taxa (Knox 1998: 38) and ancient
extinct paraphyly (Zander 2010) or extant paraphyly not yet
sampled in an extant lineage. An euphyletic taxon, whether
paraphyletic or not, is ideally the best model of evolutionar-
ily based groups of organisms determined by classical study,
numerical analysis of morphological and molecular data sets,
and biosystematic work.

A New Framework

Taxonomists may not be professional evolutionists, yet taxo-
nomic and evolutionary studies are closely intertwined. The
methodological fundamentals on which a theoretically plural-
istic systematics (Gould 2002; Hull 2005; Padial et al. 2010)
might be based are as follows: rigorous statistical re-evaluation
of published molecular cladograms (Gigerenzer et al. 1989;
Cohen 1994; Zander 2007a); recognition that possible surviv-
ing ancestral taxa (Lewis and Roberts 1956; Lewis 1962, 1966;
Vasek 1968; Mayer and Beseda 2010) may introduce uncer-
tainties in cladistic analyses, as may extinct or unsampled pa-
raphyly (Zander 2007b, 2008b); ancestral taxa may be mapped
on a molecular tree through phylogenetic paraphyly or poly-
phyly on molecular cladograms (Zander 2008a, 2010); and
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additional inference of progenitor names is possible through
cross-tree heterophyly (superimposition of morphological and
molecular cladograms) refereed by Dollo’s Rule (Gould
1970).

How does one incorporate new methods (morphologi-
cal and molecular cladistics) into the standard methodological
framework? That is, how can sister-group-only analytic tech-
niques meld with traditional stem-group methods? Details of a
method for creating scientific theories reflecting both cladistic
and caulistic processes are the subject of another paper, but
a short synopsis of the essential elements is given here: (1)
Classical alpha taxonomy uses hard-won informal genetic al-
gorithms (Hutchinson and Gigerenzer 2005; Gigerenzer 2007)
as a heuristically based expert system focused on both similari-
ties and distinctions of individual specimens and traits to gener-
ate general clustering by similarity (Sneath 1995) and therefore
by theoretical evolutionary descent. (2) Numerical taxonomy,
including morphological parsimony and phenetic analysis
(Jardine and Sibson 1971; Hair et al. 1987; Schneider et al.
2009; Mooi and Gill 2010), generates dendrograms that ac-
curately place taxa most dissimilar from an outgroup highest
in the tree. As evaluation of traits is clearly specified method-
ologically, the cladogram is a powerful way to present basic
information from which theories of evolution are generated.
It is limited by rejection of all information not relevant to
sister-group clustering. The cladogram can be used, however,
to create a “natural” key (one with embedded evolutionary the-
ory of descent with modification) with the help of additional
information about autapomorphies. (3) Molecular cladograms
provide good estimates of genetic continuity, but additional
information may be used to estimate the caulistic element of
the tree. Phylogenetic paraphyly and polyphyly (together het-
erophyly) on a molecular tree imply a theoretical progenitor–
descendant diachronic relationship (i.e., involving nameable
nodes on the tree) corresponding to paraphyly–apophyly ar-
rangements on the cladogram. The progenitor taxon is diag-
nosable at the taxon level that includes all exemplars derived
from the previously unnamable nodes involved in heterophyly.
(4) Cross-tree heterophyly is basically a comparison of mor-
phological and molecular trees of the same taxa. A taxon low
in the morphological tree (“primitive”) may be considered
as the theoretical progenitor of all lineages between the po-
sition of that taxon on the morphological tree and the posi-
tion of the same taxon on the molecular tree. (5) Application
of Dollo’s Rule (Gould 1970) in the context of biosystem-
atics allows additional information from other fields (e.g.,
biogeography, chemistry, cytology, ecology, EvoDevo, fos-
sils, morphometrics, paleontology, population genetics, and
other biosystematic indicators of descent with modification
of taxa) to help gauge the direction of diachronic, caulistic
evolution. The combination of several evolutionarily evalua-
tive dimensions, as suggested above, is clearly an example

of Giere’s (2005) “perspectivalism” in constructing scientific
models of real things discernable from different objective
angles.

Although it is possible for an evolutionary systematist
to present to a phylogeneticist an alternative scientific, em-
pirical basis for paraphyletic taxa and for the evolutionary
importance of both expressed traits and molecular sequences,
and of both divergence and shared ancestry (e.g., Brummitt
2003, 2006; Hörandl 2006, 2007; Zander 2007c; Hörandl
and Stuessy 2010), structuralist phylogeneticists would reply,
“Yes, yes, that is exactly what we reject” (Brower 2000). Cita-
tion of problems with the results of phylogenetic classification
may have more corrective force; for instance, problems intro-
duced by phylogenetics in biodiversity study and conservation
(Zander 2007b). The importance of the recognition of such
taxa of concern as polar bears and the cactus family as distinct
in classification from their direct ancestral taxa is obvious,
though both are apophyletic. Hörandl and Stuessy (2010) have
pointed out that isolated island lineages may rapidly become
strongly divergent from continental progenitors, yet such lin-
eages are denied proper taxonomic rank because they are of-
ten apophyletic. Examples cited for the flowering plants are
the genus Robinsonia (Asteraceae), of the Juan Fernandez
Islands found apophyletic to the widespread Senecio (Pelser
et al. 2007), and Lactoris fernandeziana, of the monotypic
island endemic family Lactoridaceae found to be apparently
apophyletic to Aristolochiaceae (Qiu et al. 1993; Soltis et al.
1997; Stuessy et al. 1998). Hörandl and Stuessy (2010) indi-
cated that conservation of island taxa is threatened by gradual
elimination of their proper taxonomic recognition, caused by
apparent recent derivation from paraphyletic continental pro-
genitors, because slowly mutating molecular sequences do not
match the rate of rapid and major morphological divergence.
Padial et al. (2010) review problems in estimation of numbers
of species involved in biodiversity studies contributed by re-
striction to single lines of molecular evidence. The reader, if a
taxonomist, can probably think of taxa of conservation concern
whose status or even apparent reality is affected by structural-
ist methods. This includes the growing numbers of “cryptic”
molecular taxa whose reality is often entirely based on the
structure of a molecular tree. These crowd out conservation
focuses on endangered taxa of major divergent morphology.
Examples of cryptic species are given by King and Hanner
(1998); Colborn et al. (2001); and Stuart et al. (2006); and
that of cryptic genera by Brown and De Jonckheere (1999);
and Gontcharov and Melkonian (2005). Particularly problem-
atic (Rubinoff et al. 2006) when not shored up by supportive
expressed traits are structuralistic taxa generated using the
presently much touted DNA barcoding (Jarman and Elliott
2000; Hart et al. 2003; Molbo et al. 2003; Lee and Foighil
2004; Hebert and Gregory 2005; Kress et al. 2005; Kuusela
et al. 2008; Buhay 2009).
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There are practices associated with phylogenetics that
must be rejected for a new systematics to truly conciliate tax-
onomic methods that yield disparate results, especially the
following: (1) Shared ancestors are not named at the same
rank as their derivative exemplars in phylogenetics because
this would result in paraphyletic groups (Knox 1998; Stuessy
2009), and nodes are simply place holders for the next higher
inclusive rank. Thus, if followed to an extreme, an alterative
view is possible that species do not disappear at all but their
lines are bunched as skeins into the “shared ancestor” of a
higher rank. There is no evidence in a phylogenetic classi-
fication, or a cladogram, or in the evolutionary analysis that
generated the cladogram, against a species surviving a specia-
tion event or even of immutability of species. (2) Mapping of
traits on cladograms (Cunningham et al. 1998) is commonly
referred to as instances of evolutionary change, yet traits do not
evolve, species do (Dobzhansky 1956: 340; Bowler 1989: 345;
Hickey 2000; Farjon 2007; Jablonski 2007; van Wyk 2007),
an extreme reductionism (McShea 2005). Thus, trait changes
mapped on cladograms may be used to infer only microevolu-
tion and not macroevolution (one taxon evolving from another
at the same rank or lower), yielding a microevolutionary rather
than macroevolutionary classification. Modeling descent with
modification of taxa is avoided. Mapping of morphological
traits or biogeographic distributions on cladograms is an at-
tempt to transform evolutionary analysis from hypothesis and
theory to lemma and theorem, i.e., from both deduction and
induction (Cain 1959) to deduction only. (3) Classification
by holophyly (strict phylogenetic monophyly) is artificial and
leads to degenerate (as a return to absolutism) nonevolutionary
classifications. Holophyly has no ontological basis as a process
in nature (Assis and Rieppel 2010), that is, it is not refutable
and so is not a scientific hypothesis. It is ostensibly used for
simplifying taxonomy, but in doing so requires one to lump and
split taxa that in any way appear to represent macroevolution in
classification. Holophyly clearly eliminates representation of
ancestor–descendant evolution in classification. Curiously, the
last three points (apparent immutability of species, microevo-
lution acceptable but not macroevolution, and avoidance of any
implication of macroevolution) are quite those of “scientific
creationism” (Poole 1990: 106), or phylogenetic baraminology
(Gishtick 2006), which uses phylogenetic software to group
diachronic skeins of unbranched lineages of single species,
and do not instill confidence.

According to Dewey (1909: 90, 92, 96), Darwinian logic
and empiricism is opposed to and replaces the ancient but
long-regnant Greek philosophy of a transcendent first cause
with progressive organization to a final perfect form, where
pre-Darwinian science was “compelled to aim at realities
lying behind and beyond the processes of nature. . . .” Nowa-
days, Dewey averred, “in the twilight of intellectual transi-
tion” there are new, intellectually atavistic, absolutist technical

philosophies that abstract “some aspect of the existing course
of events in order to reduplicate it as a petrified eternal principle
to explain the very changes of which it is the formalization.”
Likewise, Jaynes ([1990] 2000: 441), in explaining the attrac-
tions of modern “scientific mythologies” as opposed to his
admittedly controversial psychohistorical inferences, pointed
out that “this totality is obtained not by actually explaining
everything, but by an encasement of its activity, a severe and
absolute restriction of attention, such that everything that is
not explained is not in view.” The present article suggests that,
for phylogenetics, the ancestor–descendant dimension is that
which is neither explained nor is in view.

Summary

This is a call for serious reappraisal of modern systematics.
Some decades ago there was a “paradigm change,” and tax-
onomists were encouraged to reject theories as just-so stories,
redefine evolution as relationships on a cladogram, reframe
evolution as changes in traits not taxa, abandon scientific in-
duction in favor of hypothetico-deductivism, and revile as mere
“intuition” the results of 250 years of taxonomic expertise and
discursive reasoning. It is time to consider a total rejection of
structuralism in systematics.

Phylogenetics is neither science nor mathematics—it is
structuralism. It relies on hidden causes, and unnamed and
unobserved entities in its explanations. It does not use hy-
pothesis and theory, but lemmas and theorems. Mathematics
is likewise deductively based but is consistent. Phylogenetics
is inconsistent in ignoring, in fact, being unable to deal with
the ancestor–descendant and diachronic dimension of evolu-
tion. An example of inconsistency is the use in classification
of holophyly (strict phylogenetic monophyly). In sister-group
terms, holophyly is the principle that one taxon cannot be
nested within taxa of the same or higher rank; this is almost
understandable, as nesting implies a hierarchy of somehow
smaller or less significant things. Nevertheless, in ancestor–
descendant terms, holophyly is the principle that one taxon
cannot give rise to another taxon of the same or higher rank;
palpably ridiculous because it goes against fact. Phylogenetics,
in addition, bases classifications on patterns of selected data
about evolution, not on theories about evolution. Cladograms
are neither hypotheses nor theories because they do not di-
rectly detail possible causal relationships of natural processes
that can be investigated and falsified, or supported by addi-
tional facts (Cleland 2001). Phylogenetic patterns are facts,
being evidence of processes involved in the natural generation
of species and higher taxa for a particular group. Interesting
and helpful evidence, but facts are not theories.

Phylogenetics rejects forming theories using evidence and
induction. Instead it treats patterns of evidence of the process
of macroevolution as the phenomenon of evolution itself, and
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uses deduction alone to form what are essentially apodictic
theorems, avoiding theories of process in nature. Following
Thomas Aquinas, when one has the correct first principles,
all deductions must be correct (Chesterton [1933] 1956:
154).

This problem is inherent in structuralism, a “content-free”
methodology common in linguistics, anthropology, psychol-
ogy, and other areas, intended to replace empiricism. Struc-
turalism attempts to introduce an element of “hard science”
into non-mathematical and non-physics-based fields. This is
done by identifying basic patterns that may be taken as ax-
iomatic or irreducible first principles. In phylogenetics, the
well-supported structure of the dichotomous tree is “saved”
by rejecting all theory-based ancestor–descendant relation-
ships in favor of a forced sister-group parenthetical nesting of
exemplars. Internal consistency of the method is aided by ad-
ministration of the principle of holophyly (strict phylogenetic
monophyly). The statistical certainty or near-certainty of pat-
terns of nested exemplars in molecular systematics is “saved”
by ending analysis at the level of the nested exemplars, reject-
ing induction of process-based theories of ancestor-descendant
relationships from those evidential patterns and from other
data. Phylogenetic analytic methods of clustering are innocent
and can be powerful, but the interpretation of the results (as
pattern equals evolution and classification must follow such
patterns) is not just flawed but is non-science.

Structuralist thinking necessarily eliminates any reflection
of macroevolution in classification. The “tree” of life has no
scientific realism or theoretic substance (i.e., cladograms are
non-haecceitistic) because nodes are not diagnosably named,
and the dendrogram is just a visual aid for often complex
evidential patterns of nested exemplars. The introduction of
other, less certain data or theories (e.g., from morphometrics,
fossils, cytology, biogeography, chemistry, development) as
additional evidence for scientific induction of evolutionary
process involving descent with modification of taxa would
collapse the pattern-based statistical certainty of molecular
cladograms. Thus, in cladistics, all data outside the data set
that are relevant to macroevolutionary theory are “mapped”
on the dendrogram or in some other way relegated to the
fundamental structure of the cladogram. This is not science.

Important taxa in conservation and biodiversity research
are being synonymized as a kind of epistemological extinction.
Their identity is often scrambled intellectually by transfer into
disparate and heterogenous groups, or to those that are molec-
ularly diagnosed, or they are buried among molecular cryptic
species, genera, and families. Without scientific names for
macroevolutionarily significant taxa, conservation efforts are
confounded.

An immediate return is urged to the practice of process
theory-based evolutionary systematics. This recovery involves
using all evidence, including both sister-group and ancestor–

descendant (stem-group) analysis, marking the importance of
both similarity and difference, and using both induction and
deduction to form theories of evolution of groups upon which
a robust and responsible classification can be based. Pluralistic
taxonomy is not easy and its results are not certain, but it is
scientific. It is a challenge that can be aided by modern meth-
ods of non-ultrametric (i.e., parsimony or Bayesian) cluster
analysis, but never in the context of structuralism.
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