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Richard Zander strongly objects to “phylogenetics,”
and this self-published book is a labyrinthine attempt
to provide methodologies and justifications for an
alternative (some would say retrogressive) “evolution-
ary systematics.” The book goes far beyond the
authoritarian bleating of the likes of Ernst Mayr from
the 1970s (e.g. Mayr, 1974; Bock, 1977; Mayr and
Bock, 2002): most of those “evolutionary systematists”
accepted the concept of monophyly (or “holophyly”)
as a legitimate pattern reflecting the history of branch-
ing in phylogenetic trees, but argued that both descent
and degree of modification should be taken into con-
sideration in classifications. Zander, by contrast, sees
monophyly as a bias of an axiomatic structuralist
approach to systematics in general, and advocates not
only the retention of named parapyletic taxa in classifi-
cations, but also recognition of the central position of
paraphyly in the historical narrative of evolutionary
diversification: “this book rejects the idea that a clado-
gram is automatically a monophylogram, and that a
clade is necessarily monophyletic” (p. 5). This position
is so different from the familiar cladistic perspective
that at times I found it difficult to comprehend.
Zander, a moss taxonomist at the Missouri Botani-

cal Garden, is evidently widely read, enlisting a formi-
dably diverse array of sources to bolster his position.
In the book he cites articles from 136 journals, ranging
from the Journal of Mathematical Psychology to the
Proceedings of the Aristotelian Society, as well as
nearly 200 books or book chapters. His enthusiasm
for bryophytes is attested by the fact that almost all
the examples in the book relate to his favourite (pre-
sumably paraphyletic) moss family, Pottiaceae.
Zander’s style is direct, erudite, sharply opinionated

and often entertaining. However, the book is not well
organized, being broken into numerous, short aphoris-
tic sections that are arranged into chapters with little
or no thematic unity, making the workings of his
methods hard to decipher. Furthermore, Zander fre-
quently repeats his arguments, sometimes almost ver-

batim and at length. As the readers of Cladistics know
well, asserting a proposition over and over again does
not de facto make it true, and I found it tiresome to
be browbeaten with redundant claims about the sup-
posed shortcomings of molecular systematics, the
empirical prevalence of paraphyly, etc. Perhaps this
convoluted structure represents a deliberate effort to
obfuscate the general weakness of the proposed
approach.
Zander is one of a small group of systematic bota-

nists, including Richard Brummit, Elvira H€orandl, and
Tod Stuessy, who are militantly entrenched advocates
of paraphyly, and, thanks to their reactionary intransi-
gence, there has been an extended controversy over
this topic published in Taxon and elsewhere. This has
been admirably reviewed in a recent Cladistics paper
by Schmidt-Lebuhn (2012), which explicates many log-
ical flaws and misunderstandings in the pro-paraphyly
arguments (see also comment by Stuessy and H€orandl,
2014; and response by Schmidt-Lebuhn, 2014). A book
review is not the forum for a full-fledged refutation of
a schismatic research programme, but I will offer cri-
tiques of Zander’s particular arguments and calumnies
against the cladistic approach supplementary to
Schmidt-Lebuhn’s in the following paragraphs. Usu-
ally a sequential description of the contents of chapters
provides an adequate summary of a book’s subject
matter, but this book is so idiosyncratically organized
that here I will discuss some of its more controversial
themes in an order that makes sense to me, rather
than specifically attending to the order in which they
are presented in the book.
First off, Zander lumps cladistics and model-based

phylogenetic approaches as joint objects of his critique
on the grounds that they both reject the naming of
“ancestral nodes.” This conflation allows Zander to
condemn the former for the sins of the latter, when of
course the methods and underlying philosophies of the
alternative approaches are utterly different from one
another.
In Zander’s view, “phylogenetics” wrongly assumes

“universal pseudoextinction” (the Hennigian methodo-
logical convention that when speciation takes place,
the ancestral species is replaced by two daughter spe-
cies). He considers this assumption a fundamental
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ontological error, because some ancestral species are
likely to survive relatively unchanged while giving rise
to differentiated daughter species and are thus “para-
phyletic.” However, the errors are in Zander’s episte-
mology, not cladists’ ontology: the only knowledge
empirical systematists have of ancestors comes from
phylogenetic inference (Farris, 1983), evidence of rela-
tionships comes from observed character states, and
the internal branching patterns of cladograms repre-
sent relationships among the terminals examined, not
a picture tracing the evolutionary history of the diver-
sification of the clade (Nelson and Platnick, 1981).
Thus, if a species gave rise to multiple daughter species
without itself changing, it would either be the sister
taxon to a clade of those daughters, or one component
of an unresolved polytomy. Ancestors are not present
on cladograms.
Related to this is the preposterous claim that clad-

ograms are unparsimonious because they include
many unnamed “ancestral nodes.” Cladograms are
Steiner trees, not minimum spanning trees (Foulds
et al., 1979), and the internal nodes do not represent
any material entity, “ancestral” or otherwise. For the
same reason, cladograms do not exhibit branch
lengths equivalent to time or amount of evolution,
or whatever they are supposed to imply in model-
based approaches. Perhaps Zander has a legitimate
beef with maximum-likelihood or Bayesian trees, but
they are unparsimonious for reasons besides
unnamed internal nodes; in any event, that’s not our
problem.
Zander repeatedly (pp. 62, 75, 120) cites papers by

Rieseberg and Brouillet (1994) and Funk and Omland
(2003) as evidence that many species of plants and ani-
mals, respectively, are paraphyletic. Schmidt-Lebuhn
(2012) has already pointed out the fallacy of conflating
species “paraphyly” with paraphyly of more inclusive
taxa (indeed, most cladists view species as basal taxa
and thus not exhibiting either mono- or paraphyly, cf.
Nixon and Wheeler, 1990). In addition, Funk and
Omland’s paper is about paraphyly of mtDNA with
respect to species boundaries as inferred from other
evidence, not “species paraphyly” per se. Throughout
Zander’s book, this convenient conflation serves to
paper over the fact that there is no empirical rationale
for retaining paraphyletic genera and more inclusive
taxa other than the fallacious recognition of symplesi-
omorphy as evidence of “grouping” (Brower and de
Pinna, 2014).
Only towards the end (Chapter 13) does Zander

attempt to offer a defence of the “reality” of paraphy-
letic higher taxa. His review of the historical literature
shows that from the 1830s, systematists have almost
universally viewed genera and more inclusive taxo-
nomic categories as arbitrary groupings established by
the human mind, rather than things that exist in nat-

ure. Zander must take issue with this, because he
needs a basis for rejecting clades (which are at least
empirically supported, if not “real” in the sense of
Boydian homeostatic clusters; Boyd, 1999) in favour
of sentimentally favoured paraphyletic groups. For
Zander, ancestral genera are “real,” and paraphyly is
an evolutionary process.
Another of Zander’s preoccupations is the spinning

of scenarios in which cladistic analysis gives a “wrong”
answer, resulting, for example, in “cladists recognizing
evolutionarily paraphyletic groups” (p. 14). Such exer-
cises require knowledge of relationships independent
of the evidence in the data matrix. If one knew the
true history of diversification ahead of time, there
would be no need to do systematics in the first place
(Platnick, 1979).
It seems that much of the impetus for the desire to

preserve paraphyletic groups comes from experts’
beliefs that they know their groups so well that the
evidence takes a subsidiary role. Here is Zander’s sum-
mary of his “Framework” (p. 84):

1 Morphological cladistic analysis based on classical descriptions

with proper weighting creates a cladogram best reflecting clas-

sical information. . . .

2 A molecular analysis is done . . . and the resultant cladogram

is inspected for macroevolutionarily informative heterophyly

. . . [heterophyly is incongruence that Zander believes is

evidence of ancestral paraphyletic taxa]

3 The molecular cladogram is evaluated against the morphological

cladogram or natural key in the context of a Bayes’ Solution

using “coarse priors” that represent evolutionary monophyletic

reliability of classical and morphological cladistic work.

4 A final evolutionary tree is generated as a best representation

of taxic serial macroevolutionary transformation. . . .

As is clear from this description, the Framework
adopts a hierarchy of plausibility of taxonomic
information, such that “classical descriptions” >
“morphological cladogram” > “molecular clado-
gram.” Although elaborately described and enveloped
in a scaffolding of ostensibly rigorous methodology
(e.g. heterophyly, self-nesting ladders, and superop-
timization), the Framework boils down to a set of
ad hoc mechanisms to explain away homoplasy, ele-
vate “conservative traits” (i.e. symplesiomorphies)
and preserve favoured paraphyletic groups. Zander
offers an ironically revealing quote (p. 135; intended
as a criticism of “phylogenetics”) from Watzlawick
(1976, p. 50): “once a tentative explanation has
taken hold of our minds, information to the con-
trary may produce not corrections but elaborations
of the explanation. This means that the explanation
becomes ‘self-healing’; it is a conjecture that cannot
be refuted.”
The book raises a number of quantitative issues that

I found dubious. Zander offers the old bugaboo (cf.
Kluge, 1983) that evidence from DNA might swamp

2 Book review / Cladistics (2014) 1–4



“classical” morphological evidence by sheer weight of
numbers.1 To counter this, Zander argues that most
morphological characters are observed from multiple
specimens, while sequences are usually obtained from
one or a few exemplars per taxon. He suggests that
the number of data points (characters 9 specimens
observed) is the relevant value, and by this means,
morphology trumps molecules once again. Of course,
one reason systematists only sequence one or a few
individuals per taxon is that very often homologous
sequences from individuals of the same species are
identical or nearly so. In fact, multiple observations of
identical taxa in a data matrix confound optimality-
based heuristic searches, and if Zander’s methodology
were followed, phylogenetic analyses would need to
use phenetic clustering algorithms, like DNA barcod-
ing does. More generally, Zander’s reasoning is surely
disingenuous, as there are undoubtedly many species
of mosses and other taxa that are known only from
one or a few specimens, and that paucity of replicated
observation has not stopped taxonomists from enthusi-
astically describing them as new species. The argument
that “molecular cladograms are phylogenies of
individual specimens” is nihilistic. Any phylogenetic
hypothesis may fail to take into account some aspects
of intra-taxon variability, may exclude some taxa, and
may be wrong. That fallibility is the nature of empiri-
cal science, and does not provide a justification for
rejecting evidence from molecules or any other source.
Zander also invokes statistical corrections for multi-

ple tests in rather odd ways. He says that in a tree of
20 nodes, each of which has 95% “support,” statisti-
cally one of them must be wrong. Maybe so, but sensi-
ble cladists do not conflate bootstrap values with the
probability that a node is true, and often choose to
use actual support measures that are not percentages
based on pseudoreplication (Brower, 2010).
Zander is fond of Bayesian inference, particularly

when it supports his preconceived notions. Thus, the
“coarse priors” mentioned above are nothing more
than Bayesian weights that favour a priori “classical
taxonomy.” Naturally, when results of data analysis
(morphological, or particularly molecular) disagree
with these preconceived notions, the priors provide a
sort of numerological justification for downweighting
the empirical evidence. In cladistics, this is an ad hoc
dismissal of evidence, but perhaps in the Bayesian
mindset, it is perfectly acceptable: Bayesian conclusions
are contingent, after all, on one’s degree of belief.
There are two other rather unusual aspects of the

book deserving mention: in Chapter 8, Zander pro-
vides a rather lengthy revision of mosses formerly of

the genus Didymion, making 37 nomenclatural
changes, including the erection of three new genera.
Presumably this is supposed to be a sort of worked
example of Zander’s methodology, but it is extremely
uninteresting to anyone not excited by bryophyte tax-
onomy. It also, perhaps not coincidentally, serves the
purpose of preserving the book in perpetuity as a
nomenclatural work. The other peculiarity is Chapter
12, “Scientific intuition and the hard sciences: the met-
ric dimension heuristic and Gould’s macroevolutionary
wall.” Here, Zander offers a method for differentiating
(morpho)species in terms of the geometric mean and
Fibonacci series. This seems to be a stand-alone paper
that has little to do with the rest of the book.
Zander employs many words that are not part of

the standard systematic lexicon (e.g. caulogram, het-
erophyly, superoptimization), and the interested reader
may look them up in his glossary. This in itself is a
revealing document: in it, we find “autapomorphy,”
but neither “synapomorpy” nor “symplesiomorphy;”
“homoplasy” but not “homology.” Apparently there
are some words that paraphylophiles deem too danger-
ous to utter.
In summary, there is nothing “post-phylogenetic”

about this book, except its publication date. Zander
would like to return to a pre-cladistic world where
non-explicitly articulated evidence from classical tax-
onomy (aka symplesiomorphy) counts, where birds are
not dinosaurs, polar bears are not brown bears, and
perhaps he is not a monkey. Still, regardless of the
book’s many evident flaws, you have to admire the
brass it took to articulate a theory of systematics with
the detail and passion that Zander has invested here.
Systematics needs original thinkers, and Richard Zan-
der is one.
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