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Preface

PREFACE

This book is an attempt to find common principlesther, which is the nut of macroevolutionary theory.
and intellectual continuity in addressing today’'s This book rejects classification informing evolu-
problems in systematics. Certain difficulties endemition rather than the other way around. “The map is
in human thought, and often faced in the past in otheot the territory.” Given that historical reconstruction
fields, are now evident in systematics. This has beeannot be directly verified, and will remain forever
perceived by many workers and science is selfiotional not actual, mere precision will never make
correcting, however tardily. This book suggests ap for natural limits on accuracy, particularly if pre-
needed correction that deals with several problemsasion is obtained at the sacrifice of a total evidence
once, and its particular solution will be accepted approach involving discursive logic and macroevolu-
fail as weighed in the marketplace of reason. tionary theory. Phylogenetic attempts at “reconstruc-
A new paradigm should present an acceptable sten” try to reconstruct evolutionary nesting, not a
lution to a problem by addressing it in a new wayprocess in nature. Yet, with application of a pluralist
Phylogenetics has redefined the problem of devisirgpproach involving classical techniques, morphologi-
an evolution-based classification by presenting evolgal cladistics, and phylogenetic analyses, satisfying
tionary relationships not as descent with modificatioadvances can be made within such natural limits.
of taxa but as descent with modification of traits. Ac- The proposed Framework will probably not
cording to the Web home page of the phylogenetthange the methods of career phylogeneticists who
cally oriented Society for Systematic Botany (Demay feel loyal or responsible to sunk-cost profes-
cember 2012): “Systematics is the study of biologicalional investments. The story goes that the Buddha,
diversity and its origins. It focuses on understandingfter enlightenment, went into the world to teach. The
evolutionary relationships among organisms, specid#st person he came upon was a holy man, a fellow
higher taxa, or other biological entities, such aseeker of enlightenment. The Buddha cried, “Wait!
genesand the evolution of the properties of taxa inListen! | have found enlightenment!” The holy man
cluding intrinsic traits, ecological interactions, andpaused and looked at the Buddha a moment. He said
geographic distributionsAn important part of sys- “Maybe so...,” and walked on. If | can obtain a
tematics is the development of methods for variod'snaybe so” from the phylogenetic establishment, |
aspects of phylogenetic inference and biological naevill be well satisfied.
menclature/classification.” [Italics mine.] This book is largely intended for students and un-
Phylogenetics eliminates any hint of progenitorecommitted professionals in systematics and evolu-
descendant relationships in evolutionary analysis, atidn, and for those in other fields, such as philosophy,
relies on algorithmic clustering data from descripphysics and psychology, that deal with scientific and
tions or specimens to provide a “hard sciencedecision theory. The basic ideas and methods pre-
mathematically non-trivial, statistically based, intesented here are a pluralistic means to correct the dif-
grable (fully calculable) solution that has the appeaficulties in which modern systematics has found it-
ance of an evolutionary tree but lacks identificatioself. The reader will find the same basic concepts
of the nodes of the tree as being any extant taxon lgresented often in this book, but this is defensible
yond the name of that taxon including all specimertsecause the concepts are sometimes difficult, relate
or descriptions used as data distal to that node. That other fields, and require a familiarity with both
all nodes are treated as pseudoextinction events neglassical and modern methods in systematics. In addi-
budding evolution totally vitiates any responsibldion, judging from reviewers’ comments of previous
macroevolutionary inferences in sister-group analynanuscripts, | have decided it is necessary to present
Sis. certain novel concepts each in several ways and in
Phylogenetics imposes a classification on the relifferent contexts to (1) clarify what is meant, (2)
sults of cladistic analysis without a process-basdthmmer past intransigent preconceptions, and (3)
explanation of those results. The sister-group strudispel through reasoned discourse and perhaps a little
ture is taken to be a classification itself. Evolution iflumor the fog now shrouding classical systematics.
not clustering, classification is. Evolution is not nestRepetition of logical argument is often the only way
ing, classification is. Phylogenetics leaps from th& break through or reprogram hard-set mental view-
clustering and nesting of cladistic analysis straight fpoints.
classification without explanation of the analysis in Practitioners of evolutionary systematics are
terms of serial transformations of one taxon into amnethodologically diverse, and this book does not try
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to represent the field. Instead, presented here are neynonstrated over my occasional reference to matters
ideas on how systematics as a whole might developphilosophical or how things are done in the fields of
do not claim to have generated all the central ideasiysics and mathematics. These references, however,
presented in this book as many or even most are akrve to remind readers that systematics, though a
ready in the literature, albeit dispersed, or they havestorical science creating results not directly con-
coalesced from the suggestions and discussions fiosfned or supported, is nevertheless part of the scien-
others. As | was completing the work, however, cetific endeavor and cannot be excused from shirking
tain ideas arose as obvious given the method, e.dgorous scientific method or logical reasoning.
self-nesting ladders, and supergenerative ancestralIn (very) short, phylogenetics chooses an analytic
taxa, so | expect that future workers may find thiaspect of evolution, sister-group nesting, that can be
pluralistic view of systematics a complex new fieldprecisely modeled. It bases classification on that,
for their own novel concepts and solutions. Thehich requires strict phylogenetic monophyly (holo-
method presented here is complex because it taps gig/ly) to work well. Evolutionary systematics at-
research programs of both classical and phylogenetampts classifications from all data, including those
taxonomies, is process-based, not structuralist, atftht are not informative of such nesting, or precisely
requires reason, judgment, and insight to be successeasured, or which are intuitively inferred, and re-
ful. jects strict monophyly because it masks information

In this book, many examples concern the planten macroevolutionary transformations. This book is
notably the bryophytes (mosses), particularly theot a continuation of the grand remonstrance of many
family Pottiaceae, which | have studied for 40 yearsecent authors against phylogenetic rejection of para-
I make no excuses for such stress, in part becaysgyly, but is an attempt to consiliate, conciliate and
expertise is one of the elements of the pluralisticonsolidate the two schools of systematics, classical
methodology | describe. Reviewers have sometimesd phylogenetic.

August 20, 2013

Richard H. Zander
Missouri Botanical Garden
St. Louis, Missouri, U.S.A.
richard.zander@mobot.org
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Chapter 1: Introduction

CHAPTER 1
Introduction

Précis —The fundamental premise in phylogenetics is that two of eheeg taxa are more
closely related evolutionarily because of pseudoextinctioneorige of a shared ancestral
species upon speciation. Any instance of paraphyly impliesseadoextinction and two
cladogram nodes that are the same taxon. An instance of pardpdtylgannot be analyzed
cladistically because of three clades there is only one descendanmtcacthdes are most
closely related because they are the same taxon. If paraphyly is opmpartcularly ex-
tended paraphyly with many descendants from one ancestral tatkem, pesently or in the
past or both, then the cladistic method fails or is offilguperficial value. Phylogeneticists
mask this problem with (1) the principle of holophytlyat is, strict phylogenetic monophyly,
and (2) treating changes in DNA tracking sequences as primdotiemary events. A plural-
istic method can address this affair by using macroevolutiistinguishing pseudoextinction
from budding evolution, as an explanatory process. Macrogwoland associated linear
taxic transforms can replace general relationships due to pséindter as a fundamental
premise in evolution as reflected in classification.

Cladistics and phylogenetics are often distinguishadformation on macroevolution (generation of one
in that the former is simply dichotomous clusteringaxon from another). “Total evidence” in phylogenet-
by synapomorphies, while the latter introduces evolues (Allard & Carpenter 1996; Eernisse & Kluge
tionary elements such as the time dimension ard®93; Nixon & Carpenter 1996) only means total
“shared ancestors.” Both are considered much tl®idence about sister-group relationships. This book
same in this book because both are limited by reje@ttempts to conciliate and consolidate the two schools
ing the naming of ancestral nodes and therefore cript systematics (phylogenetics and evolutionary sys-
pling inferences of macroevolutionary transformatematics) through a Bayes' Solution (Kendall &
tions. Phylogenetics implies macroevolution througBuckland 1971), which reconciles all sources of un-
transformation from an unnamed “shared ancestocértainty involved in the various methods used, and
via pseudoextinction (see Glossary). Both the cladigicorporates additional certainty from neglected in-
tic assumption of maximum parsimony and the phyfermation, this in light of risk if wrong. A simple
logenetic assumption dfiniversal pseudoextinction example is choosing a low-stakes poker game if you
are essentially the same thing, one with an evolutiohave little money and hope to play all night. At stake,
ary explanation. Both render a sister-group analysier systematists and conservationists, is a correct and
non-operational in that neither distinguishes pseudworkable classification of the world’s fauna and
extinction and budding evolution. This is in the facéora.
of much evidence that commonly one of a sister- This is a reframing of the evolutionary element in
group will be easily inferred as evolving in expressesystematics from nested exemplars or taxa to serial
traits from the other. Such evidence is not informaransformations of taxa, that is, from tree-thinking of
tive, according to phylogeneticists, because it is ntihe cladogram to stem-thinking of the caulogram (or
evidence about sister groups; see discussion of supesmmagram or Besseyan cactus). Above all, this
optimization in Chapter 8. book rejects the idea that a cladogram is automati-
To start, consider the following extreme simplifi-cally a monophylogram, and that a clade is necessar-
cation of modern competing views for solving dly monophyletic. Such ideas are purely definitional
complex problem, namely that of making an evoluand have no place in science.
tion-based classification. Phylogenetics chooses an The difference in tree-thinking and stem-thinking
aspect of evolution, nesting of sister groups, that camay be exemplified in the modern analysis of the
be precisely modeled, and bases classification @wvolutionary position oAmborellaas the evolution-
that. ary root of the angiosperms. Althougkmborella
Evolutionary systematics attempts classificationsiay be the lowest diverging lineage (or maybe not)
from all data, including those that are not precisel§Goremykin et al. 2013) this says nothing of the
measured or are informedly intuitively inferred, datéaxon from whichAmborella and its sister lineage
that are reflect evolutionary uniqueness rather thativerged. Was it Amborella or perhaps Nym-
relationship, and rejects strict monophyly as maskinghaeaceae? Or a lineage diverging even higher in the
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present angiosperm tree of life? Tree-thinking canndself extinct, which is apparently not uncommon,
even approach dealing with this question yet it can liken the fundamental assumption of phylogenetics,
address by discovery of heterophyly after dense sathat of three taxa at the same rank, two are always
pling of molecular strains of both taxa. more closely related to each other, fails. Using the

The six-element Framework presented belowramework methods, estimates of, not nesting, but
eliminates inconsistencies that contribute to loweregkrial macroevolutionary transformations of taxa, are
posterior probabilities by using a theory, macroevoluderived both separately and through reciprocal illu-
tion, that places apparent inconsistencies in a contemrination from the three methodological sources of
in which they are consistent and contributory to analysis. Where such serial transformations overlap
higher posterior probability. Macroevolution cannotvhen superimposed is considered well supported.
be analyzed without distinguishing pseudoextinctiodVhere they do not is evaluated in the Bayesian con-
from budding evolution. All evolutionary data thentext using coarse priors (Chapter 8). We end up with
are relevant to inferences of a shared macroevolan estimate, based on all available information and
tionary structure addressed, no matter how indirecttandard theory, of a natural process, macroevolution,
at times, by all three major methods, classical sy$sr a particular group. This may be used in classifica-
tematics, morphological cladistics, and moleculation, but is not expected to result in the myriad classi-
analysis. This structure, which shows descent witlication changes now associated with molecular phy-
modification of taxa as best possible from the data, isgenetics and its classification principle of holo-
considered here the proper basis for evolutionaphyly (strict phylogenetic monophyly).

classification. Discussion of macroevolution in this book reflects
a contest between two concepts: (1) in standard
The method in a nutshell — A new, syncretic cladistic methodology all speciation events are con-

method is needed to address the central problem siflered pseudoextinction (see Glossary), and (2) in
cladistics, that if cladogram nodes are not namedyolutionary systematics pseudoextinction and bud-
cladistics alone cannot demonstrate monophyly. ling evolution (see Glossary) are carefully distin-
addition, molecular phylogenetics deals only wittguished for each node in an evolutionary tree (= “su-
extant molecular strains while other molecular strainseroptimization,” see Chapter 8). Inasmuch as only
of the same taxon may be extinct or unsampled bstiperoptimization actually reviews and defines speci-
potentially scattered on the cladogram in a mannation events based on both phylogenetic and non-
similar to extant paraphyly. phylogenetically informative information, the term
The mainproblemin a nutshell is that cladogram “macroevolution” is used here for a transformation of
analysis treatsall tree splits as sister groups—inone taxon from another, either by pseudoextinction or
cladistics as dichotomous synapomorphic pairs, amy budding evolution, neither of which is success-
in phylogenetics as pseudoextinction events (with fally modeled by the assumption of universal pseu-
disappearing shared ancestor). The solution is to redeextinction in cladograms (see Plate 5.3).
ognize both pseudoextinction and budding evolution The caulistic macroevolutionary methodological
using both phylogenetically and non-phylogeneticallgoncept is easy to conceive and support theoretically,
informative information. That is, using both sistebut difficult to execute given the need to integrate
groups diagrammatically as in (AB) and taxon transeveral dimensions of data and analysis with varying
formations as irC > D. Although there are other evo-degrees of precision and accuracy, as well as to deal
lutionary scenarios, these are the two basic choicedth historical burdens of preconceptions and pre-
for systematists who use evolutionary trees to hefumptions on the part of practitioners in differing
classify. schools. The reader is asked here to suspend, for a
Presently, taxonomic analysis represents evoltime, his or her present-day assumptions of the proper
tionary relationships as a set of nested taxa. Thereway to do systematics.
commonly contradiction, that is, lack of congruence,
in nesting patterns derived from classical taxonomyaradigm change —The cladistic revolution in sys-
(Linnaean classification is essentially hierarchicaltematics (Stuessy 2009) imbued a new way of per-
morphological cladistics, and molecular phylogeneteiving or modeling evolution (i.e., tree thinking,
ics. This is because serial transformation patterns @aum & Smith 2012) among many systematists. This
interpreted as nestings in different ways by differentas a logical extension of phenetics (Heywood &
methods. If an ancestral taxa generates two or mdvieNeill 1964; Sneath 1976; Sokal & Sneath 1963;
descendant taxa at the same rank and does notYgblokov 1986). Consider the proverb, “If at first
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you don'’t succeed, change the rules” (i.e., from serialadists seems part and parcel of the revolutionary
to nesting models). This may have both good amthenomenon Brinton describes. Religious attitudes
unfortunate results; sometimes the rules are too ralso extend to resistance to criticism. According to
strictive, sometimes not restrictive enough, and orerant (1977: 198), historians of Christianity may
can be wrong either way. Burke (1985)—of televiunacceptably maintain that “no one but a believer in
sion “Connections” fame—offered the idea that thdesus’ divinity is entitled to write a single word about
universe, reality itself, actually changes whenevdrim,” or that the burden of proof has passed from the
new scientific paradigms (Kuhn 1970) of perceptioriyue believer to the historian. A similar stance is de-
interpretation, and thought are accepted. People “sdettable in a phylogenetist reviewer’s rejective com-
the heavens, for instance, as something quite differement on one of my papers that “we discussed and
post Newton. Yet, after many changes in scientifidealt with that back in the 1980’s.”
paradigms, nature remains, and only human view- Dyson (1999) has made the point that scientific
points and mental methods have changed with eaavolutions are commonly associated with the devel-
new paradigm. The switch from one scientific paraspment of new research tools. That phylogenetics is
digm to another may be occasionally difficult forpowered by computer analysis is incontrovertible.
humans, but the universe does not change. Falling into the mechanical knowledge fallacy of
Gigerenzer et al. (1989: 288), the phylogenetic revo-
Revolution — Was the phylogenetic revolution actu-lution seems to have bypassed the need for insight
ally a revolution? It indeed had many of the traits adnd judgment. But insight and judgment are never
revolutions as recognized by Brinton (1952), an aumore necessary than today, when faced with moun-
thority on revolutions. Revolutions, according tdains of data that support very conflicting explana-
Brinton, are characterized by a struggle between whians.
become essentially two governments, between the ins The history of the struggle of cladists against
and the outs. There is an eventual overthrow of thgheneticists related by Felsenstein (2001), extended
revolutionary moderates by the much more fullyand criticized by Farris (2012), presented in the gen-
committed and disciplined extremists, including takeral historical context (Vernon 1993), and more
ing control of centers of power, press, banks, artkeply analyzed by Scott-Ram (1990), is that of con-
ministries. A ruling elite is required to illuminate flict between groups of partisans of two new methods
through education, rules, and censorship the mass#s numerical, computer-driven methodology. The
who are slow to learn new ways of thinking. Pureladists won. Felsenstein suggested that the even
democracy is considered “mob rule” (for instancenewer statistical approach is something more scien-
the leaders of the American Revolution gave us t#ic, and as such it has overwhelmed early axiomatic
representative-based republic). There is also a “Tesladism. A glance, however, at the list of phyloge-
ror,” which | was going to avoid mentioning to ducknetic axioms he gave indicates that statistical phy-
accusations of sensationalism, but supportive coregenetics is little more than an extension of elemen-
ments from other scientists on my relevant contribdary cladistics, with inference limited to statistically
tions to listservers Taxacom and Bryonet were akmenable data sets rather than philosophical justifica-
ways sent to me offline, by private email. This couldion of simplicity through parsimony. Felsenstein said
be explained by widespread mystification of thdittle about the “overthrow of the moderates” that
“black box” phylogenetic classification methods—Brinton emphasized as an essential part of revolution.
who wants to admit ignorance? On the other handihe moderates, in my opinion, were the young sys-
United States federal funding for systematics is mudbmatists who wanted to use all the new methods,
influenced by a review panel of scientists largely seacluding computer analysis and biosystematy (com-
lected from the phylogenetic establishment. mon gardens, reciprocal transplants, cytology, aute-
Brinton goes on to say that revolutionaries striveology, and the like). They (we) are still around but
to “achieve a reign of virtue on earth.” He suggestbe dedication of adherents of cladistics plus the
(p. 193) that revolutionaries have many of the traitsiagic of DNA has fueled their present hegemony in
of the religious, not the theistic dimension, but cerscientific culture. That cladists now control positions
tainly “the important thing about a religious belief isn universities, funding through granting agencies,
that under its influence men work very hard and exand publication in major journals cannot be gainsaid.
citedly in common to achieve here or somewhere arernon (1993) pointed out that “The history of tax-
ideal, a pattern of life not at the moment univerenomy in the twentieth century, then, could be
sally—or even largely—achieved.” The fervor ofviewed as a response to its perceived low status.”
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Major changes in infrastructure (e.g., revamping her- So who won the mid-Century contest described
baria to reflect the APG lll classification system) ardy Vernon (1993)? Given the present-day hegemony
not left to a democratic vote by staff or users. Them@ phylogenetics, it would seem that the evolutionary
are cogent arguments against the biases of cladistisgstematists won. But consider this—a cladogram is
pointing out associated often negative effects on bioauch like a dichotomous key in classical taxonomy,
diversity research. Such arguments against phylogeith similar nested state changes (including reversals
netic classifications cannot prevail, however, without classical descriptions are polythetic). A cladogram
offering an alternative that will catch the imaginatiorcan be viewed as a classification as long as the classi-
of a new generation of systematists. This book is ditation principle of holophyly is used to reject put-
attempt at such an alternative. ting names of higher rank under names of lower rank,
Many of the problems of systematics are not assor the same rank nested in another rank; that is, the
ciated with the cladistic or molecular revolution, buprinciple of holophyly may be used to reject any re-
with a kind of Cultural Revolution in business methsults that are not like a classification. A classification
ods. The systems of Drucker (management by objeas imbued in a dichotomous key is presupposed and
tive) and Deming (total quality, teamwork, customeimposed on evolutionary evaluations in systematics.
focus) rededicated institutions towards financialhere are many ways a tree of life (Gontier 2011)
prosperity, which led eventually to the moral hazardepicts relationships. A phylogenetic Tree of Life
of monetizing anything collateralizable for debt andPennisi 2003) is not an evolutionary tree, it is a clas-
speculative leverage of publicly attractive productssification based on a dichotomous key, although use
The dislocations in systematics regarding a paucity of outgroups and clustering of state changes intro-
positions in classical systematics may be largelyuce an evolutionary dimension. Phylogenetics short-
caused by academic institutions and natural histogjrcuits a deep evolutionary analysis because sister-
museums refocusing on a new business modgiloup trees are a ready-made hierarchical classifica-
monetizing popular aspects of science. (I remembgon. Classification and classification principles (e.g.
the anthropologist at the museum | once worked hblophyly) are effectively treated as a natural process
being forced to make popcorn for a horde of screante be modeled in analysis. This leads to the fact that
ing kids. He soon left.) Although, at least anecdaall evolutionary analyses done in phylogenetic sys-
tally, there are more taxonomists than ever befortematics must fit a classificatory dichotomous key as
the “taxonomic impediment,” given the biodiversitya basic structure. In fact, modern cladistic systematics
emergency, is real and urgent. is the triumph of classical taxonomy over evolution-
ary systematics. Its methods are clearly attractive to
Classical taxonomy versus evolutionary systemat- classical taxonomists needing a philosophically and
ics — Another, deeper view of the historical backstatistically impressive justification for their classifi-
ground of the phylogenetic revolution is provided bgations. R. Feynman (1985: 313) wryly observed,
Vernon (1993). In the late 1950s, there were two cofifhe easiest person to fool is yourself.”
tending factions: (1) classical taxonomists, who felt The basic analytic format imposed on evolution-
that taxonomy could exist on its own and producery information in both hierarchic classical classifica-
using standard methods, classifications that evoltion and cladistics is ((A, B) C), while that of evolu-
tionists could use in their own work, and (2) evolutionary systematics i& — B, or occasionally? —
tionary systematists, who, by “putting evolutionaryBC) using information from both classical and
issues as the primary focus of taxonomy, ... sought ¢tadistic analysis. The methods of phylogenetics are
connect it to one of the most important biologicapowerful, however, and much information on evolu-
guestions of the time.” The problem was that alkion can be derived from them as long as one can
though some groups of birds and mammals had gokeep the cart behind the horse, and derive classifica-
fossil records and known breeding behavior, antibns based on evolutionary relationships, not evolu-
some beetles, mollusks and butterflies were amenalilenary relationships from hasty classifications. The
to the evolutionary analysis of the day, most invertd=ramework attempts to remedy this.
brate zoologists, most botanists, and all microbiolo-
gists were not counted among practitioners of th& test for paradigm change —In most cases, | be-
cutting edge of evolutionary systematics. Classicdieve, paradigm change does not involve the stress of
taxonomy uncommonly involves direct inference ofleprogramming, abreaction, and indoctrination; in
macroevolution but is intended to present a hierarcHact, it may be scarcely noticed. The change may take
cal classification. many years, or be as simple as recognizing something
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as now “obvious” where before it was unthought oconcepts. A methodological pluralistic analysis of
unthinkable. As an instructive exercise, the cladistevolution is here considered essential for a modern
cally inclined reader might, before reading furthersystematics based on all evidence relevant to theory
examine a complex cladogram in the literature anof descent with modification of taxa.
mark his or her way of interpreting it. After reading Evolutionary systematics, or evolutionary taxon-
this book or some substantial part of it, examinemy, is the science of apprehending nature through a
again the same cladogram, and see if perception amaiming system of nested groups, with the species as
interpretation of that cladogram are changed to dmasic unit of classification (but see Chapter 8 on su-
important extent. If so, this is a paradigm change iperoptimization), using the Linnaean system and, to
the small. Reviewers of this book might note that thithe extent possible, what is known about evolutionary
subjective but quite real measure is the basis oelationships. Evolutionary systematics uses both
which the author feels the success of this book dsister-group relationships and ancestor-descendant
pends. But will such a change spread across the field®ationships as recommended by Darwin (1859: 420)
Only the future marketplace of ideas will determinén his “natural system” to present a classification and
this. evolutionary tree reflecting descent (splitting or bud-
ding of lineages) with modification (macroevolution-
Six elements —The proposed new context for bio-ary change or speciation and generation of higher
logical systematics obviates inconsistencies in modaxa).
ern phylogenetic analysis with generation of an over- This is in contradistinction to the now popular
arching theory of macroevolution through time that islennigian phylogenetic system, which focuses ex-
particular for each group studied. It is pluralistic irclusively on sister-group relationships (splitting of
using both classical and phylogenetic analytic techineages). Rieppel (2012) pointed out that Hennig's
niques. There are six elements (as previously proiethod “renders phylogenetic systematics a search
posed, Zander 2010b): (1) Alpha taxonomy is a hardbr sister group relationships, not for ancestor-
won set of genetic-algorithm-based heuristics that tescendant relationships.” According to Korn and
large is accurate in clustering relationships. (ZReif (2003: 688) “As the phylogenetic analysis in
Cladistic analysis of morphology aids in developing aladistics is based on the search for sister-groups
natural key to taxa by assessing transformations ofly, real ancestral species cannot meaningfully be
weighted conservative characters. (3) Molecular sydealt with and also behave as ‘noise’.” Phylogenetics
tematics establishes genetic continuity of trackingow incorporates powerful analytic tools, including
sequences and order of isolation events of exemplatstistical analysis of molecular data, but the elimina-
(but not necessarily speciation events) and may d@sn of representations of macroevolution in phyloge-
termine deep ancestors by taxa split apart on a muetic trees has led to various problems that have been
lecular cladogram. (4) Taxa low in the morphologicgbointed out in recent literature.
tree but high in the molecular tree are theoretically Evolutionary systematists generally agree that
ancestral taxa of all lineages in between. (5) Supaecognition of paraphyletic groups (ancestral groups
optimization by maximizing theoretical ancestor-desdenied recognition at separate and taxonomically
cendant hypotheses eliminates hidden causes as equal rank to that of their descendants by phyloge-
observable superfluous postulated shared ancestarsticists) contain important evolutionary information
while biosystematic and biogeographic studies prdhat should be represented in classifications. Well-
vide biological evidence, often experimental or quasknown examples are the sinking or attempted sinking
experimental, that supports or modifies alpha taxomf Aves into Reptilia (particularly as discussed by
omy. Dollo evaluation at level of the whole organisnHorandl & Stuessy 2010), or the polar bear into the
allows inferences distinguishing progenitors and dérown bears, or Cactaceae into Portulacaceae. Detail-
scendants. Implied reliable credible interval calculang macroevolution in classification through taxo-
tion and the use of coarse priors for a Bayes’ Solutiaromic recognition of paraphyletic groups is funda-
(allowing for statistical preselection) leads to conmental to evolutionary systematics. Macroevolution
solidation of all evolutionary information into an evo-is a real scientific concept supported by plenty of data
lutionary tree of serial (as opposed to nested) macrshowing macroevolutionary transformations of de-
evolutionary transformations. (6) Classification byived lineages arising from the midst of paraphyletic
diagnosable macroevolutionary constraints requireslineages.
generalist Linnaean classification capable of repre- Phylogenetics is methodologically inconsistent.
senting to the most simplified degree all taxonomiEor example, one taxon may be represented by two
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exemplars that are distant from each other on a mchanges, and the other DNA sequence changes. Phy-
lecular tree (phylogenetic paraphyly or apparerbgenetics cannot explain this inconsistency, but tries
polyphyly). Given the structuralist justification forto conflate them in “total evidence” analysis, lumping
evolutionary classification, this is explained away bgll data together. This combines inconsistent results
“convergence” or not yet attaining “reciprocal monointo a jumble where multiple data points of one proc-
phyly” (the phylogenetic desideratum). But a cladoess (mostly non-coding changes in DNA) overwhelm,
gram does not diagnose exactly what different ancassually, apparently fewer data points of another, dif-
tors the two distant OTUs came from. The explanderent process (fixation of expressed traits). Through
tion is inconsistent with the method because it usesSimpson’s Paradox (support for alternative clades
different method. In addition, after years of cladisti@dds, in a combined data set tree, to a better sup-
emphasis on the importance of determining morphgorted branch order than for either alone), branch
logical homologies, this rule is thrown out the win-orders are often generated that are not in any clado-
dow. An alternative evolutionary systematics explagram from any one data set of a partitioned data set.
nation discussed at length here is the scientific theoRroperly, if Bayesian analysis is done, inconsisten-
of a deep shared ancestral taxon with the same diaies must be addressed with Bayes’ Formula, where
nosis inclusive of both OTUs, which is consistentow supportfor the molecular cladiEom the morpho-
The point of classical systematic is to present inforlogical tree may radically reduce support for the mo-
mation such that complete morphological conveilecular clade. An alternative (evolutionary systemat-
gence is quite improbable, certainly not as commdns) over-arching theory is that taxa basal in a mor-
as molecular analyses seem to make it. phological cladogram but terminal in a molecular

Given the commonness of apparent “convercladogram signal the status of that taxon as surviving
gence” at the taxon level, if it were in fact true at thaincestor of possibly many lineages (a kind of clado-
level, then the fabric of classical taxonomy fails. Begrammatic coelacanth). This last theory renders the
cause molecular analysis depends on classical anal§fferences between morphological and molecular
sis to name its exemplars, molecular analysis mushalyses consistent. It is only a scientific theory, not a
also fail (there are no facilities in nestings for distinfact, but this is far better as a basis for classification
guishing taxa, only clustering them). Clearly whathan the apparent axiomatic perfection of a phyloge-
seems to be convergence at the taxon level (two difetic cladogram. A pattern is not an explanation, it
ferent species or genera are molecularly the samermeds an explanation.
closely clustered) in molecular systematics is a phe- At times cladists may accuse evolutionary sys-
nomenon different from what is usually accepted a@smatists of “confusing pattern with process,” derid-
evolutionary convergence. Taking “convergence” asg evolutionary theory as metaphysics while lauding
an explanation of multiple salting of exemplargattern in science, encouraging “systematists to study
among other taxa will take one to the nihilist positiopatterns of relationship rather than to tinker with al-
that there are no taxa, only lineages of OTUs. Exargerithmic models that specify evolutionary proc-
ples of researchers willing to countenance such agsses....” (Brower 2009).
Mishler (1999) and Fisher et al. (2007), among oth-
ers.

A morphological cladogram may be different
from a molecular cladogram, and both may be intui-
tively convincing, the one clarifying morphological
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Plate 1.1- A stylized dendrogram demonstrating paraphyly. When traklato macroevo-
lutionary theory, paraphyly signals, in the simplest casev@@h an ancestral morphological
taxon “A” of two (or more)speciesor of moleculastrains“Al” and “A2” of one taxon “A”
giving rise to a descendant taxon “B” from one of them (“Al’graphyly on a cladogram
can thereforebe evolutionarily informative. Morphological paraphyly signpmplies one
taxon (species, genus or family) emerging from anothereo$déime or lower rank. Molecular
paraphyly directly implies a caulistic ancestral taxon inclusivalloparaphyletic terminal
taxa. A caulogram of macroevolutionary transformations supesed on a molecular clado-
gram may be considered a kind of Feynman graph (Watzlawick 2349, with distance in
space on one axis, and back and forth through time on teeatis.

Paraphyly — Brummitt (2006) emphasized thatGarden (last issue of 2013). | have not yet seen this
“paraphyly is the most important issue debate in taxssue, but it will doubtless be of relevance.
onomy today.” Paraphyly is, however, much con- Molecular systematists restrict the term paraphyly
demned in both standard works on cladistics, and io molecular paraphyly. They state (Rosenberg 2005:
specific by a number of cladist apologists (e.gl474) “paraphyletic genealogies are most frequent
Schmidt-Lebuhn 2011). Paraphyly (Plate 1.1) is #or only a short period of time” before reciprocal mo-
somewhat disparaging phylogenetic word for what isophyly takes place. The present book asserts that
generally known as ancestors involved in macroevadthough molecular changes occur and are fixed in all
lution, that is, a label for a group from which one oproducts of speciation, paraphyly as two lineages in
more other groups at the same (or higher) taxonomigorphological (and essential evolutionary) stasis is
rank have apparently evolved. “Para” implies faultycommon, even though they gradually accrue different
wrong, amiss, or merely similar to the true formmolecular tracking traits and become reciprocally
Evolutionary systematists, on the other hand, celeonophyletic by such molecular traits. According to
brate that which is presently known as phylogeneti¢anderpoorten and Shaw (2010),
paraphyly.

Papers from a symposium on paraphyly are soon “We argue that there are events of major biologi-
to be published in Annals of the Missouri Botanical cal import that occur when a new divergent taxon

is ‘budded off' from within an ancestral wide-
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spread species; however, the point at which both and parent species, or over-splitting inherently
species become reciprocally monophyletic can paraphyletic taxa, and thereby ignoring the evolu-
simply reflect the stochastic process of gene coa- tionary reality of the nested lineage....”
lescence and is of no real biological significance
in and of itself. Reproductive isolation through A natural taxon is any group that is probabilisti-
one mechanism or another is necessary, thoughlly the best representation of the expressed traits as
not necessarily sufficient, for the development oén evolutionary trajectory at that taxonomic rank.
[true] reciprocal monophyly. Thus, the evolutionThis is like the “natural taxon” of Gilmour (1940:
of reproductive isolation is of critical importance468), which he characterized by being the most
evolutionarily, whereas the development of [mohighly predictive, in that what is predicted is the evo-
lecular] reciprocal monophyly is biologically triv- lutionary trajectory. By evolutionary trajectory |
ial.” mean whatever species concept an author uses that
has an evolutionary dimension. When a taxon is split
Thus, Aves is an apophyletic (= autophyletic, deto fit a molecular tree, for a split to be a natural taxon
rived) product of the paraphyletic Reptilia; whileit must be significantly more robustly supported by
Cactaceae is apophyletic to the paraphyletic Portulaxpressed traits than any other split in any other way
caceae; and in my own field of specialization Cinclief splitting. This is because some of many expressed
dotaceae, Ephemeraceae (Holyoak 2010), ammhits (a combination by chance alone) may support
Splachnobryaceae are all apophyletic to the largany split that may have appeared in a molecular
extended paraphyletic moss group Pottiaceae (sgladogram. The traits should include autapomorphic
discussion of Zander 2007, 2008). traits and any traits that particularly fit the organism
According to the blurb on the home page of the a particular environment. Finding some expressed
Willi Hennig Society: “Hennig's idea that groups oftraits by chance alone that support a taxon in any par-
organisms, or taxa, should be recognized and fdieular molecular clade is a problem in statistics
mally named only in cases where they are evolutioralled “multiple tests” or “multiple comparisons.”
arily real entities, that is ‘monophyletic,’ at first wasAn entire chapter of this book is devoted to this im-
controversial. It is now the prevailing approach tgortant subject.
modern systematics.” | reject this simplistic, me- Other methods have been proposed to reinsert the
chanical definition of an evolutionary real entity (ancphyletic or divergence element back into classifica-
the egoist declaration that such is now largely at¢ion (reviewed by Stuessy 2009). Unfortunately,

cepted). these largely deal with atomized (“taxon agnostic®)
Tobias et al. (2010) argued in favor of a relaxatiotraits lacking the integration of expertise (as in phe-
of phylogenetic monophyly: nomics and ontologies: Balhoff et al. 2013; Burleigh

et al. 2013) in sometimes quite pruned data sets,
“We take the...view, that a distinctive, reproducrather than whole taxon. Atomized traits are now
tively isolated lineage can be classified as a spased as tracking traits (whether morphological or
cies even though it is nested within a phenotypmolecular) not as contributions to understanding
cally homogeneous ancestor. To clarify, if subadaptive strategies.
species A and B are phenotypically similar, but Egan (2006) pointed out that the total evidence
genetically and geographically interposed by paradigm of cladistics stems from Popper’s writings,
third divergent and reproductively isolated taxorand that “exclusion of evidence could render the hy-
C, it does not follow that the classification of C apothesis untestable (by protecting the hypothesis
a separate species must necessarily trigger titem conflicting evidence, since testability (falsifi-
splitting of A and B....It is clear that lumping non-ability) is central to corroboration....” Szalay et al.
sisters in this way results in a mismatch betweg2008) recommended a stroagpriori weighting of
species and clades. However, we concur with Lemorphological traits through biologically well-
(2003), who argued that ‘this mismatch is prefounded character analysis. The massive plant study
cisely what makes the species category worthy ¢73,060 taxa) of Goloboff et al. (2009) combined mo-
special recognition: species are not merely atecular data with morphological data, the latter arbi-
other type of clade, but a different type of biologitrarily upweighted to be each equivalent to three base
cal entity altogether.” From this perspective, usepair substitutions.
ful information is lost when taxonomy is forcedto The recent patrocladistics (Stuessy & Konig
reflect gene trees by either over-lumping daught@&008) method, for instance, agreeably recommends
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character weighting of states of evolutionary imporabsent in the fossil. This method does not infer taxic
tance, and largely identifies apophyletic lineages thancestors, which the present method of heterophyly
differ by large numbers of apomorphies and autap§-e., non-monophyly, Zander 2008) in molecular
morphies (assuming these are included in the dataes theoretically can do.
set) plus a measure of cladistic (number of nodes) It should be noted that phylogenetic paraphyly ex-
and patristic (number of apomorphies) distance bésts only because shared ancestors (nodes) are not
tween taxa. Using autapomorphies is valuable buoamed. It could very well be, and probably often is,
again reduces to a few major traits a taxon that is béfrat an ancestral taxon of a number of clades of one
ter viewed as a gapped cluster of traits with centrabme extends below the set of phylogenetically mo-
tendencies and a biological dimension associatephyletic clades to include one or more clades of a
with selection to a particular habitat, in short a biodifferent name at the same rank or higher. Thus, mo-
logical entity. nophyly is hidden in the case of trees that only show
Using a taxon or exemplar as an outgroup in monesting of exemplars and do not inferentially name
phological cladistics has much to recommend it oveshared ancestor®hylogenetic analyses cannot esti-
a contrived hypothetical outgroup, yet in some casesate evolutionary monophyly.
some of the traits of the outgroup are clearly ad- Although paraphyly usually implies that the
vanced. These traits bias the analysis, which after albophyletic (derived) taxon is a descendant of the
is founded on classical systematics. Cladistic analygiraphyletic taxon, this may be reversed in the case
merely presents in morphological cladistics the relavhen a taxon found to be near the base of a morpho-
tionships of classical systematics as a easy-ttpgical cladogram (or from other data) and is there-
understand tree. Traits of an outgroup should Here probably primitive (see Glossary) is perceived
changed to hypothetical plesiomorphic trait states {by the analytic software) as an apparently deeply
clearly advanced in the outgroup’s own taxonomioested taxon. This is a case of self-nesting laddering
grouping. (see chapter on superoptimization), and the more
It has been long recognized that phylogenetigrimitive taxon, though deeply nested in a molecular
analysis does not model evolution of branching serietadogram, is the progenitor of all lines between its
of named ancestral and descendant taxa, i.e., gepi&ce on the morphological cladogram and its place
alogies, but demonstrates the evolution of charactén the molecular cladogram. This explanation may
istics as branching lines of trait changes (e.g., Bowleeem mechanical, yet the explanation is solidly based
1989: 345-346; Farjon 2007; Horandl 2006, 200n macroevolutionary theory, that is, descent with
for exemplars of named terminal taxa. Of three pamnodification of taxa. An example of macroevo-
ticular taxa, two are more likely to share an ancestartionary transformation that is a much extended
(Williams 2002), which seems a good deduction frorparaphyly is that of the moss genHsythrophyl-
theory. That ancestor, however, is generally not idetepsis, see extensive discussion elsewhere in this
tified as a taxon different from its descendants; it isook. The detection and elucidation of macroevolu-
simply represented in phylogenetics by an unnamdidn at the taxon level in the transformation implied
node, or “common ancestor” of descendant lineagdsy paraphyly is an example the need for “discursive
This is allowable only when there is evidence thatasoning” in pluralist systematic analysis.
pseudoextinction has occurred. Textbook examples of identification of para-
When fossils are at hand, however, they are pphyletic taxa as ancestral are given by Futuyma
tentially more informative of evolution as descen{1998: 456, 470), citing Moritz et al. (1992) where
with modification (Hall 2003) of taxa becausecoastal and Sierran Californian subspecies of the
bioroles may be inferred from expressed trait combsalamanderEnsatina eschscholtzilappear to have
nations. In phylogenetic analysis, on the other handeen derived from” subsmregonensisand citing
ancestral mapped morphological or molecular traitsjey and Kliman (1993) and Kliman and Hey (1993)
though presented as sequential, remain atomizddr theDrosophila melanogastespecies group where
Attempts to infer soft tissues in geologic fossils alsthe paraphyleti®. simulans‘gene copies are traced
deal with individual traits. For instance, in extanback to a ‘deeper’ common ancestor than in any other
phylogenetic bracketing (Witmer 1995, 1998), a fosspecies.” Rieseberg and Brouillet (1994) discuss
sil lineage bracketed by two lineages each sharimgechanisms for evolution of monophyletic daughter
one particular trait in their extant taxa would be exaxa from paraphyletic parental taxa through geo-
pected to also have that trait, but features not presemaphically local models of speciation. All this as-
in both bracketing lineages would be expected to lsmes that the molecular analysis has accounted for
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any homoplasy introduced into the analysis by inagh2) C, D. That is, one lineage of another taxon (B)
propriate technique, e.g. wrong model (Alfaro &between two lineages of the same taxon A). There is
Huelsenbeck 2006) or inappropriate data, e.g., iaso extended paraphyly, e.g., (A1, B) C) A2) D, E.

complete concerted evolution (Doyle 1996). In this case, two or more lineages of different taxa B
and C between two lineages of the same taxon A).
Evolutionary paraphyly versus phylogenetic Explicit paraphyly has extant heterophyletic line-

paraphyly — In cladistics, by definition, every clade ages that signal paraphyly, e.g. A1 and A2. Implicit
is monophyletic. This is a misuse of the term mongsaraphyly is missing one of these two lineages. Any
phyly (all terminal groups derive from one ancestoripdication in a cladogram that one of a sister group is
and phylogenetic monophyly should be retermedearly the ancestral taxon of the other of the pair

“cladophyly.” Consider the following cladogram: signals implicit paraphyly. How common is implicit
paraphyly? Well, if explicit paraphyly is common,
(A BYCOYD)E)F) G) H, I one might expect implicit paraphyly to be even more
where | is outgroup common.

Extended paraphyly has the distinction of being

By definition, phylogenetic monophyly occurs atable to scramble branch ordering in molecular clado-
every close parenthesis in this example of a pectinggeams. When explicit, one can make allowances.
cladogram, that is, encompassing every clade. EveWhen implicit, the switching of branch ordering in
set of exemplars distal to a close parenthesis is a plige cladogram is hidden. It is possible that analysis
logenetically monophyletic group. This introduces avith traits other than phylogenetic that the correct
initial amount of certainty in estimation of mono-branch order might be detected, but this would never
phyly. On the other hand, suppose A, B, and C wele easy or sure.
directly derived from the taxon A; also, D, E, and F Inferring monophyly solely by maximizing par-
were directly derived from the taxon E. If so thersimony of trait transformation leads to evolutionary
evolutionary monophylywould include only those paraphyly. Suppose we have a number of taxa termi-
groups distal (to the left of) to the close parenthesigal on a clade. Two are most terminal with shared
between C and D, and the close parenthesis betwesymapomorphies. The next taxon down, however, is
F and G. We thus have only three monophyleticlearly derived from the same ancestral taxon as the
groups given this additional information. The additwo most terminal taxa. Asserting that the two most
tional information must necessarily add uncertaintierminal taxa are monophyletic splits the ancestral
to any statistical estimation of those three evolutiortaxon.
arily monophyletic groups because such analysis is Try it with a group of your specialization. Many
based on scientific method, not definition. subgenera commonly have some one wide-ranging

Eliminating science-by-definition, we have thespecies of generalized morphology with some closely
strange case of cladists recogniziagolutionarily related species specialized into more recent habitats.
paraphyletic groups (e.g., those distal to every clogetheory could be developed (by yourself) that these
parenthesis but the three mentioned), while evolare all daughter species of the more generalized spe-
tionary systematists themselves have found theroies.
selves defending phylogenetic paraphyly (as an ex- It is a fallacy that all daughter species must occur
pected effect on a cladogram of macroevolution ias polychotomies, since, in morphological analysis,
molecular cladograms). There are in the examplgven few important traits, some will reverse and
above six close parentheses and only three of theseme will be duplicated given false (aleatory) resolu-
imply evolutionary monophyly, thus in this exampletion. In molecular analysis, extinct and unsampled
cladistics has only a 0.5 chance of establishing trumolecular strains confound resolution totally when
monophyly in an analysis of the data set. one ancestral species gives rise to two or more other

Other than for this section, to be clear, paraphyfiaxa (lineages may survive from any point in the
when discussed means phylogenetic paraphyly unledadogram the ancestral taxon has occupied).
otherwise noted. Cladists have never been identified, The fact that cladistics has promoted recognition
to my knowledge, as recognizing paraphyletiof evolutionary paraphyly (while damning phyloge-
groups, but they do, and it is wrong. netic paraphyly) has been one of those things right in

front of us for thirty years. We've ignored it.

Explicit and implicit paraphyly — In molecular
systematics, there is simple paraphyly, e.g. ((Al, B)efinitions for variations on a theme— Pseudoex-
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tinction is the preferred manner of speciation in physpread in ancient geography and habitats, polymor-
logenetics. In pseudoextinction, the shared ancestmiic, and unspecialized (following Mayr 1954). Pos-
taxon disappears fairly rapidly by anagenesis aftéwlating a new ancestral taxon at each cladogram
generation of descendant species, and becomes tloele is unparsimonious when an ancestral taxon is
second of a sister-group pair. Grant (1971: 48) disften extant and identifiable. Consider polar bears
sects stages in divergence of this phenomenon. Psaund brown bears. Did polar bears evolutionarily gen-
doextinction is doubtfully as common as expected bgrate brown bears as glaciers retreated? Probably not,
phylogeneticists (Raup 1986; but see Hegde et sihce prey seals do not live in glaciers, and there are
2006) but forms the analytic basis of phylogeneticsnany bears in a variety of ancient habitats more like
If universal, it would imply that any two taxa are therthe brown bear than the highly specialized polar bear
more closely related to each other than to a third, alglout see Hailer et al. 2012).
basic to cladistic analysis. If much less than univer- The ancestor may be extant or at least last long
sal, cladistic analysis and simplicity as an analytienough to generate additional descendaRtxa-
method becomes doubtful. In phylogenetics, pseudphylyis generation of a descendant from one branch
extinction is automatically treated as universal. of two extant lineages (usually molecular lineages) of
The idea of pseudoextinction is now so prevailinghe same ancestral species taxon.Extended para-
that some new and interesting methods are inadvehylyis generation of two or more lineages from one
tently biased by it. For instance, Shaban-Nejad amd two extant molecular lineages of the same ances-
Haarslev (2008) introduced category theory as a wamal species.Pseudopolyphylyis generation of de-
to analyze evolutionary relationships. Unfortunatelyscendant lineages of the same taxon (say two species
pseudoextinction is made central: “...category theof the same genus) from both branches of an extant
is capable of solving problems related to reversancestral taxon of the same name. It is much like par-
analysis (mentioned in cladistics method) throughllelism but is restricted to molecular analydédst-
recursive domain equations [33]. In order to analyzerophylyis simply a general term for all these proc-
the bifurcating pattern of cladogenesis, which statesses.
that ‘new organisms may come to exist when cur- True parallelism and polyphyly is when two or
rently existing species divide into exactly twomore same-name descendants are each generated
groups’ [6], we have used two categorical construérom a taxon of adifferent namebut at the same
tors: pushouts and pullbacks.” They cite a phyloggaxonomic level. One might term this phenomenon
netics Web site at Berkeley, and a paper on categagastasis (resurrection), and has been discussed as
theory by Smyth and Plotkin (1982). This indicategvolutionary Lazarus taxa (Zander 2006), as opposed
that multifield attention to scientific problems may bdo the geologic Lazarus taxa of Jablonski (1986) that
initially stymied by misunderstandings or superficiasimply have large gaps in the fossil record. One must
knowledge of specialized theory. be able to demonstrate, however, that the ancestral
Many or even most nodes in cladograms can laxon is indeed different from the anastatic descen-
assigned by evolutionary systematists to a speciatidants; otherwise the apparent parallelism or poly-
process different than pseudoextinction, using judghyly (often ascribed to “massive” convergence) is
ment and insight with non-phylogenetically informasmore likely due to heterophyly.
tive data. That process is speciation without dissolu- The generation of two different descendants from
tion of the ancestor. An example of superoptimizaene ancestral species or taxon certainly may be called
tion of Didymodon see Plate 8.1 below, demonstrateextended paraphyly if two branches of the ancestor
only a single node among more than 20 as evidenaee extant and bracket the descendant(s). But they
of pseudoextinction in that genus. have the same effect on evolutionary analysis if only
Readers may feel they detect a bit of circular reane branch of the ancestral species or taxon is extant,
soning, that is, ancestral taxa are such because tleyeven if no ancestral populations are extant and
have descendants, and descendants are such becdeaee a legacy of two or more nodes of a cladogram
well, they have ancestors. Not so! There are clehaving the same ancestral taxon name and character.
criteria for identifying ancestral taxa (that is, prob-
able ancestral taxa) as discussed in the treatmentLirits to tree resolution by potential for unsam-
Didymodonin this book. In the most simple case, led or extinct extended paraphyly— “Phylogene-
taxon closely related to another may be its descetically informative” may prove somewhat of an oxy-
dant if isolated, specialized, and recent, while themoron. This is because empty precision leads to alea-
other, the potential ancestral taxon, may be widelpry classification. This is how—in parsimony analy-
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sis of morphology, traits are not necessarily tacked help infer evolutionary process, can we create a
onto a taxon as speciation gradually continues, but alassification that is not often plain wrong.
initial linked set of traits may be necessary for selec- The evolutionary story has been lost to reduction-
tion into a new environment. Thus, if A and B sharesm in ignoring all information on evolution not in a
three traits that are selectively linked, and A and @atabase of phylogenetically informative traits, and to
share two traits that are not (maybe neutral or sequemedeemably faulty methods of analyzing evolution
tially added as the environment changes over timeggnd assessing classification (e.g., sister groups in,
then A and C probabilistically share the latest ancesister groups out). Phylogenetic analyses can be im-
tor, not A and B. Although when dealing with masseportant if interpreted in the pluralist context of infor-
of shared traits, main clusters of a parsimony cladosation from chromosome counts, ecology, biogeog-
gram may be okay or acceptably approximate, parsaphy, phyletic weighting of traits, and genomics,
monious decisions about relationships of smadmong other information. The phylogenetic practice
groups of OTU's may need additional informationof renaming taxa that occur in two or more different
but are for now cladogrammed by chance. lineages or of lumping paraphyletic groups with their
In a theoretic discussion of the effect of unobautophyletic macroevolutionary products is just ig-
served extinction on modeling macroevolutionporing significant evolutionary information to pre-
Stadler (2013) used a model based entirely on phyerve assumptions that are contrary to reality (e.g.,
logenetic splitting, and did not discuss heterophylfthe false notion that “a taxon cannot be in two mo-
In molecular analyses, any sister group pair may halexular lineages at once”) and save the hyperexact
had an extinct lineage identical in phenotype to ondethod.
of the sister groups occurring below the split. If so, Extinct or otherwise unsampled paraphyly is a
then this is not a sister group relationship but ancegroblem with resolution of sequence of molecular
tor-descendant relationship instead. If the extindineage splitting. The resolution of a molecular tree
lineage identical in phenotype to one of the sistatepends on distinguishing extended paraphyly, i.e., a
groups is even farther down in the tree (phylogenetieasonable inference of a deep shared ancestral taxon
polyphyly, or if within reasonable patristic distancdevolutionary monophyly) from evolutionary poly-
then extended paraphyly), then the molecular trackhyly (no reasonable inference of a deep shared an-
ing of splits in the gene history is further comproeestral taxon). The question remains whether any
mised. This is further gone into elsewhere in thiparticular sister group is or is not the remnant of a
book, but here | report an email exchange | had rparaphyletic ancestor, which would affect accuracy
cently with a phylogeneticist. We were discussingf mapping of expressed traits or taxa on the molecu-
offline an exchange of views held publically on thdar tree. Without additional information like relative
listserver Taxacom, and | wrote to him, “If two orage of the groups involved, the best guide is the ex-
three or four nodes in a row are the same taxdent of paraphyly or extended paraphyly, by some
(which can be estimated with non-phylogeneticallyneasure of patristic distance, of related extant natural
informative data), the import of the ‘shared ancestotaxa.
is lessened. If pseudoextinction is very rare, the im- Without other data, a cladogram with 10 percent
port of pseudoextinction is close to zero.” He repliedyf the nodes exhibiting paraphyly in extant taxa may
“Two or three nodes in a row can't be the same taxdndicate that 10 percent of the ancestral nodes at any
Cladogenesis implies speciation. If you are workingast time were also paraphyletic. Individual lineages
within the limits of cladistic reconstruction, this scethat are well-supported by bootstrapping or credible
nario is non-existent.” I'm not sure how many phyintervals are in no way immune to this problem.
logeneticists agree with this, but the sentiment ©ther data possibly of value in evolutionary analysis
doubtless typical. preliminary to classification include various autapo-
The results of macroevolution can often give stamorphic (phylogenetically uninformative) traits, pa-
tistically near-certain sets of nested lineages of prieontology, chemistry, ecology, biogeography, chro-
sent-day specimens (exemplars). But should we ussome numbers, and any other information that
these nested patterns for classification? Becausgght throw light on ancestor-descendant relation-
macroevolution involving progenitors in stasis shufships of accepted or natural taxa. Also relevant here
fle lineages of taxa, even trying to “fix” the patterris recent work on irreversible traits (Bridgham et al.
by renaming taxa that are out of order does not give2809).
classification that reflects evolution well. Only by Molecular systematics alone cannot determine
going beyond pattern, and using phylogenetic pattetmanch order of taxa, not even with dense sampling,
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because of the possibility of extended paraphyly &ot His Spots.” Dennett (Dennett 1984; Brockman
extinct or unsampled molecular strains of the sami995: 180), however, lauds such narratives as “intui-
taxon.This last is doubtless common given the prevdion pumps.”
lence of paraphyly among extant taxa. The fundamental phylogenetic presupposition—
that of any three species two are more closely re-
A perspective —The way phylogenetic analysis hadated—fails totally in two cases: (a) paraphyly, in-
itself evolved apparently parallels recent changes atuding nesting of genera among species of other
the way history proper is studied. Fischer (1989enera (Plates 6.1, 7.3, 13.2); and (b) when any one
pointed out that three generations ago, there wasgyaneralist, wide-ranging extant species can be easily
standard paradigm for doing (non-science) historictilypothesized as ancestral to two or more derived,
work consisting of narrative reports of a fairly narrowhighly specialized, and possibly evolutionarily dead-
class of variables (authority and power in politicend descendant species (Plate 8.1, 8.2). Both cases
through time), based on thorough, Gestalt knowledgee common. Ergo phylogenetic resolution of certain
of the literature, with major findings offered as interstretches of branch order is commonly random in
pretations discovered by intuition underlain by testiboth morphological and molecular analyses. Exten-
mony. Early in the 20th Century, the topics of historgive explanation is given below.
expanded greatly and historical relativism became Today, well-known methods such as maximum
central (1930-1960), though unsatisfactory becauparsimony, maximum likelihood, and Bayesian
such was static. In the 1960’s the French school Markov chain Monte Carlo methods all have their
the “Annales” invented a radical new method thadbwn partisan schools and somewhat different results
examined change in all of social history, requiringvith the same data (but see Rindal & Brower 2011),
rigorous methods of logic and empiricism. As a synwhile new techniques both complex, e.g., codon sub-
thesis, however, in the 1980’s this newest paradigstitution (Ren et al. 2005) and simplistic, e.g., DNA
failed by devolving into competing special fields withbar-coding (Hebert & Gregory 2005; Will et al.
narrow focuses and philosophies of study. FischerZ)05), vie for researchers' attention, and all com-
solution was to combine as well as possible the beasbnly relegate morphology into the background or at
elements of all previous syntheses. Both interpretbest include it submerged in total evidence studies.
tion and empiric evaluations contribute to a mor&here is no return to systematics of the past because
broadly based interdisciplinary view of history, comall new methodological practices and viewpoints con-
bining fact-based, interpretive story-telling and rigortribute positive analytic aspects. A pluralistic Newer
ous empiric problem-solving as a “braided narrative.Systematics must include the most powerful features
A history of phylogenetics (e.g., as related by Febf phylogenetic systematics and downplay or exclude
senstein 2004) follows approximately this nutshethe contradictory or biased. That researchers are now
historiography. Originally, evolutionary work waswilling to countenance pluralistic analyses rather than
based on thorough, Gestalt evaluation of the factfie mechanistic phylogenetic model is exemplified
resulting in reasonable scenarios. Then, emphasis loy the work of Horandl & Emadzade (2012) who
data from crossing experiments, common gardenssed several methods in an attempt to balance evolu-
reciprocal transplants, cytology, and other fields supionary viewpoints in a taxonomic study of the plant
ported a “New Systematics” with more robust, emgenus Ranunculus(Ranunculaceae). There criteria
pirically based narratives. Phenetic analysis of thier using monophyly and paraphyly were not as criti-
1970’s introduced a rigorous mathematical methochl and restrictive as those presented in this book. A
emphasizing similarity, with prediction focused orscientific pluralism, capable of combining all meth-
predicting phenetic similarity. Cladistics, with aods, is here predicated on pursuit of evidence of
competing new rigorous method based on maximumacroevolution. Using the best methods and theory
parsimony, then gained popularity, and proponenfsom multiple fields and experiential vantages to ad-
ridiculed the older descriptive methods (e.g., Crowdress a problem in a new way is typical of advance-
1994) as overly subjective and similar to the “just sment in science, and is clearly a “positive sum game”
stories” of Kipling (1966), e.g., “How the Leopard(Wright 2001).
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CHAPTER 2
Pluralism versus Structuralism in Phylogenetic Systematics

Précis —Mechanical knowledge based on a selected subset of information sintpla
model intended to reveal relational structures in nature edpéttjainst process-based theory
meant to explain all information.

Phylogenetics is a form of structuralism, offering @annot have another named group of the same or
precise, statistically well-supported pattern of prehigher rank nested in it because the first group then
sent-day relationships as a fundamental axiomatieould not include all organisms. Although paraphyly
ground plan to which all other data are relegated the main clue to macroevolution in cladograms,
(Zander 2010a,b). Pattern cladism seems to matphylogenetic methodology completely rejects repre-
Chakravartty’'s (2004) definition of the ontic form ofsenting macroevolution as distinguished by pseudo-
scientific realism (there are no real objects, onlgxtinction or budding evolution in cladistic evalua-
structure), while less dogmatic forms of cladisntion of evolution. This is inconsistent with evolution-
match his “epistemic” form (relationships are basedry theory. Dismissal of the relevance (other than as
on real but unknowable objects. According to derdered by the cladistic pattern) of information other
Queiroz (1992), evolution is a “central tenet fromthan that which is phylogenetically informative of
which the principles and methods of taxonomy are tgister groups means that structuralist systematics not
be deduced.” Even the most simplistic central tenenly rejects empiricism but also scientific inference
(“evolution happens”) for a topic as complex as evdtself in the context of the scientific method (Cleland
lution, however, is not axiomatic or empirically sim-2001).
ple, particularly if evolution is defined as nested rela- A new Framework is offered here that explains
tionships rather than serial macroevolutionary trangconsistencies and conciliates classical and phyloge-
formations, or these relationships based on characteetic systematics with an over-arching diachronic
evolving rather than taxa. Deductions of taxonomithrough-time) theory of macroevolution as a basis
methods and principles from the argumentative evéer a robust classification. It is pluralistic in using
lutionary literature must be limited to suggestions fdboth classical and phylogenetic analytic techniques.
approaching general study and specific ideas for arfatevens (2008), in an explanation of his phylogenetic
lyzing the distinctive evolution of particular groupsclassification system wrote that “Evolutionary classi-
Structuralism as used here is a more general tefivations in general try and combine phylogeny and
than developmental structuralism, i.e., evidence whorphological gaps, although that is no easy thing to
design limitations in body form or “ontogenetic tra-do - it is akin to combining chalk and cheese....” The
jectories.” pluralistic context of the present book, however, it is
According to Korn and Reif (2003), cladists redike two barrels of a pair of binoculars (morphology
gard the nested hierarchy of taxa and the nested hiand DNA), the two images being combined in the
archies of characters as caused by a “natural law,” lmain to reveal a third dimension (well-explained
particular a stance of pattern cladists who beliewmacroevolutionary transformation). Given that meth-
morphological data is more important than explanadologically pluralistic inference of serial macroevo-
tions, in a “theory-free” analysis (discussed by Keatutionary transformations of taxa (stem-thinking lead-
ney & Rieppel 2006). ing to a caulogram) is analytically orthogonal to nest-
A cladogram, even a molecular tree, is, howeveing sets of taxa by most parsimonious, maximum
not a fundamental pattern, being rife with inconsidikelihood, or Bayesian Markov chain Monte Carlo
tencies, e.g., paraphyly within molecular results, andait transformations (tree-thinking leading to a
between morphological and molecular results. Paraladogram), it may be difficult for phylogeneticists to
phyly is actually what macroevolution looks like on asuspend belief long enough to consider the former
molecular cladogram. Phylogenetic inference is wederiously. The idea of a certain fundamental structure
ded to an artificial classification principlaplophyly against which all else may be measured and guided
(strict phylogenetic monophyly), that determinefhas an explosive psychic power, whatever its objec-
whether taxa merit names. Holophyly refers to &ve validity.
named group containing the common ancestor, all Taxonomic and evolutionary studies are closely
organisms descended from the common ancestor, lntertwined. It is advanced here that the methodologi-
no other organisms; this means that a named groocg@l fundamentals on which a theoretically pluralistic
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systematics (Padial et al. 2010) should be based aexr et al. (1989: 288), discussing mechanized knowl-
the following basic precepts: (1) alpha taxonomy asexge:

hard-won set of informal genetic algorithms as rather
successful heuristics, often termed “expertise”; (2)
rigorous statistical re-evaluation of published mo-
lecular cladograms (Cohen 1994; Gigerenzer et al.
1989; Zander 2007a); (3) recognition that possible
surviving ancestral taxa (Lewis 1962, 1966; Lewis &
Roberts 1956; Mayer & Beseda 2010; Vasek 1968)
may introduce uncertainties in cladistic analyses, as
may extinct or otherwise unsampled paraphyly testing, or the prior probabilities in Bayesian in-
(Zander 2007b, 2008b); (4) ancestral taxa may be ference. No amount of mathematical legerdemain
mapped on a molecular tree through discursive rea- can transform uncertainty into certainty, although
soning and inference from paraphyly or phylogenetic much of the appeal of statistical inference tech-
polyphyly on molecular cladograms (Zander 2008a, niques stems from just such great expectations.
2010a); and, (5) additional mapping of taxa to tree These expectations are fed by ignorance of the ex-
nodes is possible through cross-tree heterophyly (su- istence of alternative theories of statistical infer-
perimposition of morphological and molecular clado- ence, by the conflation of calculated solutions
grams) refereed by Dollo’s Rule at the taxon level. At with unique ones, by the reduction of objectivity
the present time, evolutionary study is strongly pres- to intersubjective consensus, and above all by the
sured by phylogenetic ways of thinking. According to hope of avoiding the oppressive responsibilities
Butler (2011), “Without a robust phylogeny in place that every exercise of personal judgment entails. It
upon which to base biological classifications, i.e., the would be unjust to blame the mathematical statis-
raw data sets which palaeobiologists analyze and ticians for these false hopes, although some of
draw their conclusions from, model-based analyses of their number have shared them. Rather, the fasci-
diversity and evolution will have questionable em- nation with mechanized inference stems from

“Of course, this escape from judgment is an illu-
sion. All inference techniques depend on a modi-
cum of good judgment to guide their application.
Once applicability has been decided, judgment
must intervene again to set the decision criterion,
in the case of Neyman-Pearson theory, or the
level of significance in Fisherian null hypotheses

pirical justification, especially if the underlying taxo-
nomic framework is riddled with paraphyletic groups
and taxa of dubious validity.” Although evolution as

more widespread yearnings for unanimity in times
of strife, and for certainty in uncertain circum-
stances.”

a theoretic study is not as vulnerable to phylogenetic
methods as is systematics, its data are. Carnap (1967: 29) wrote that “...each scientific
Pluralism in systematics is not dialtheistic, wherstatement can in principle be transformed so that it is
two conflicting phenomena do coexist (e.g., oneothing but a structure statement.” This is limited to
atomic particle traveling through both slits of dogic (including math), although Carnap does address
graticule at the same time), or paraconsistent, whete “intersubjective world,” but probabilistic science
two theories are necessary for complete descriptisaquires that structure be less strictly regulated than
and explanation of a subject (e.g., particle and wawgy theorems and lemmas. In the context of statistical
theory of light), but it means that although facts anscience, when scientific statements are mutually in-
patterns may be diverse they can be held together tymplete, a joint structure should be theorized.
postulating through abduction an overarching, unify- One may note with little surprise that the U.S. Na-
ing scientific explanatory process-based corrigiblgdonal Science Foundation recently (2009) awarded a
theory (macroevolution) involving both induction andgrant (number 0928772) of US$498,813.00 for re-
deduction. Sober (1991: 20) pointed out that restrickearch on “Developing an axiomatic theory of evolu-
ing analysis to deduction is conservative in avoidingon.” From the abstract, the goal is to “develop a
reaching false conclusions from true premises, whikingle body of mathematical evolutionary theory that
inductive analysis has more theoretical power bus based only on assumptions that we know to be
chances false conclusions from true premises. Aue....” Hmmm. It will “illuminate the underlying
though phylogenetics avoids induction, its deductiomsathematical unity of evolutionary theory” and solid-
are not just conservative but commonly also exfy “evolutionary biology as a science grounded in
tremely biased. “It is always dangerous to reasamiversal mathematical rules.” Given that mathemat-
from insufficient data,” cautioned Sherlock Holmesics is grounded in axioms, this is clearly a return—a
Skepticism in science follows the dictum that knowwell-funded return—to axiomatic, rule-driven sci-
ing is the enemy of learning. According to Gigerenence. Balhoff et al. (2013) and Burleigh et al. (2013)
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present rule-driven taxonomic analysis for morphacstatus of allopatric forms. The potential is vast, con-
logical data, which have positive aspects yet mudidering it is not presented as an absolute criterion,
may be lost if a GenBank-like MorphoBank (O’Learyalthough it is somewhat limited by assumption of the
& Kaufman 2007) is presented as a substitute for ekiological species concept. A paper on a similar topic
amination and re-examination of collections. by Paradis (2005) also uses powerful tools but is
There are three kinds of knowleddrasitive(em- more limited in restricting results to clades.
pirical) deals with what ifNormative(of norms, such
as culture and ethics) deals with what shouldAve. Reason, judgment, insight. —The antidote to struc-
tistic (skilled presentation of what could be) draws &uralism in systematics is a return to scientific reason,
target around where the arrows have landed. How thelgment, and insightReasonis simply inference,
arrows got there is the process-based question. including abduction, deduction, induction and anal-
Phylogenetics deals witlthree patterns tradi- ogy. A nested set of taxa in a software-generated
tional classification, morphological cladistics, andladogram does not necessarily equate to a nested set
molecular trees, now eliminating the first two byof taxa in a classification based on known or well-
mapping or otherwise relegating them atomisticallgupported theoretical processes in evolution that may
to the molecular tree. The suppression of two dispaffect each taxon and using (and explaining) all rele-
rate but informative patterns in favor of the one thatant information.Judgmenincludes decision theory,
is most precise and involves the most data is not gopdrticularly the heuristics and biases program (Tver-
logic, since it merely suppresses or relegates (in “isky and associates) and fast and frugal methods (Gig-
tegrative systematics”) contradictions and does netenzer and associates) as reviewed in this book. It
explain them. means deciding what features of morphological
This is structuralism (Zander 2010b), a rejectiosladistics and molecular systematics are relevant and
of empiricism, not merely bounded rationality (Gig-which are aleatory or otherwise irrelevant. Classical
erenzer & Selten 2001; Martignon 2001) or reasonirigxonomists must make well-considered use of phy-
under the constraint of not quite sufficient knowledggenetic methods and vice versiasight means in-
(Tversky & Kahneman 1974). One may evaluate ®rmed scientific imagination, such as having the
scientific construct by (1) proving it to be a fundacourage to examine the ideas and theories underlying
mental pattern in nature, as was done in the work af research program when systemic problems occur,
Euclid, Archimedes, Newton, and Einstein, but noand of inventing new approaches.
for systematics where multiple patterns must be ac-
counted for; (2) falsify every other relevant theory offhe importance of descriptive taxonomy— Fitz-
at least avoid the “vicious ambiguity” (van Deemtehugh (2012) suggested, in a philosophical treatment
2004) of almost-as-good alternatives; or (3) corrob@f the logical basis of biological systematics, that
rate (match as “not incompatible”), (4) or supporsupport for phylogenetic analysis is little more than
(with data adequate for stand-alone evidence) tliee premises used to found the hypotheses, and thus
theory. Note that many cladists apparently (Laurithere is actually little testing involved because test
2010: 701) dispute that ancestor-descendant relatiavidence cannot be supplanted by character evidence
ships “can ever be proven,” while the reader wouldsed to create the hypothesis. He wrote:
doubtless agree that proof has never been more than a
welcome but rare surprise in science. Phylogenetics “At its best, systematics enhances descriptive un-
as a field has been fascinated with the potential of the derstanding, and within limits the pursuit of
computer to deal with large data sets, and has beenproximate causal understanding. Where it has
trapped into a few computer-friendly methods of been especially remiss is in elevating the impor-
analysis. A succeeding systematics that uses com-tance of specific and phylogenetic hypotheses be-
puter methods, heuristics, and discursive reasoning, yond what they usually are—initial, very vague
avoiding complete focus on mechanical methods, explanation sketches—as well as claiming in-
should be a major advance. (It is the second mouse creases in evolutionary understanding where none
that gets the cheese.) exists.”
Tobias et al. (2010) offered a statistical method of
extending species limits determined for well-known | suggest, in the same vein, that molecular exem-
avian faunas to birds of relatively unknown faunaglars are not selected randomly but are preselected
particularly of tropical areas, using mean divergendeom clusters based on classical study. If molecular
among known sympatric species to gauge taxononiata sets are entirely determined by preselection of
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morphologically defined taxa embedded in a natural As the sum of areas, however, the equation does
key, then agreement of molecular and morphological not represent a physical process. It is purely
cladograms means little, and disagreemmiaty be mathematical; it is simply a geometrical relation-
due to wrong morphologgr to some bias inherentin  ship. Thus, it is a mistake to derive definitions
phylogenetic analysis. If reexamination of classical from mathematics alone, as DOA [Drift as Out-
taxonomy still supports the classical analysis fully, come Alone] seems to do, since many, very dif-
then the molecular analysis is biased or a new ana- ferent definitions can be derived from the same
Iytic viewpoint is needed. Several biases are de- equation. Moreover, it is problematic to think that
scribed in this book, and additional are doubtless to ontological questions about the causality (or lack
be discovered. In other words, molecular systematics thereof) of terms appearing in equations can be
does not create a separate taxonomy from dense sam-gleaned from the equations alone. On some inter-
pling that stands on its own, and which is comparable pretations, a physical process is represented, but
to that of classical systematics. It therefore does not on others, it is not. There is no way to tell from
provide real support when the two agree, nor real the mathematics alone. So, one reason that it is a
refutation when they do not agree. This is true even mistake to think that we can glean definitions of
after accounting for biases in molecular systematics, drift from mathematics alone, as DOA seems to
including here detailed self-nesting ladders, these do, is that the same mathematics can give rise to
explained later. This is not to say that classical tax- radically different interpretations.”
onomy does not have intrinsic biases, like morpho-
logical convergence, yet these are well-documented Empty precision in mathematics is paralleled by
and there are standard work-arounds. Biases aachpty precision in statistics. The over-precise is
other problems associated with classical heuristinatched by the over-focused. For example, the aver-
methodology are addressed in Chapter 12. age measure of an anatomical element might be 10
In the present book, classical taxonomy is used tmits. Averaging can be highly precise, but the use of
inject a separate, well-supported set of data and iestimated ranges in classical taxonomy, e.g. the para-
ferred relationships into molecular systematicgigm (a—)b—c(—d), is far better because the nature we
which does, given allowance for known biases, comescribe is seldom definitive, far more often prob-
tribute information on macroevolutionary transformaabilistic and dimensionally fuzzy. With morphomet-
tions. Molecular analysis is not a true test of classicats, an average plus information on standard devia-
and morphological cladistic analyses of relationshipsion is also more informative. With Bayesian credible
The only way to use molecular evidence alone is fatervals, trimming data to that which is easily and
redefine evolution as any phylogenetically informaprecisely analyzed can produce a credible interval far
tive changes in molecular sequences. Ignoring atiore narrow than can any more realistic analysis tak-
other evidence is not scientific. ing into account all data. Also, the idea that clado-
grams must be more accurate if better resolved is
Precision and accuracy —Precision is a hallmark dependent again on rejection of data that reflects a
of mathematics. One plus one always equals preemmonly less accurate resolution level because all
cisely two. Precision is also accurate in mathematicslevant data must be accommodated. This is dis-
Yet when measurements of things in nature are ioussed at greater length in Chapters 8 and 15. Ac-
volved, precision does not imply accuracy. For ineording to Cobley (2012: 28) the classic researcher’'s
stance, sawing a stick into 100 1 cm lengths does rutstake is “impressing one’s own expectations upon
provide a 100 cm length when you glue them tadataless voids,” in this case on the void once filled by

gether. rejected contrary or less precise or not phylogeneti-
Philosophers Millstein et al. (2009), discussingally informative data.
mathematical models of evolutionary drift, wrote: In another view, mathematically one plus one

equals two, which is true, but does mathematics
“As the Hardy-Weinberg Principle, the equatiorgenuinely lend assurance to the postulate that one
[(p + qf = P> + 2pq + G = 1] represents a physi- hobbit plus one hobbit equals two hobbits? If pseu-
cal process: the maintenance of genotype frequetheextinction is not common, then patristic distance as
cies in a population of randomly mating, sexuallyneasured by numbers of nodes between extant taxa is
reproducing organisms from one generation to theompromised in that most or all of the nodes may be
next. The physical process can be representeflone extant taxon. This is an important caveat for
mathematically, but it is not purely mathematicalconservation analyses.
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Three different views — The three patterns men-state usually represented in a related (outgroup)
tioned above are reconciled by pluralistic evolutiontaxon, and produce charts of synchronic (present-
ary systematics. These patterns give three differetiine) relationships. Macroevolution should be repre-
views of the evolutionary process, and are ndaented in classification, however, only by transforma-
equivalent, thus one is not necessarily better at chatibns amongaxa named through classical systemat-
ing evolution than the others. (1) Classical systemats unless pseudoextinction is well determined by
ics produces classifications of taxa distinguished hyon-phylogenetic data. The traits in phylogenetics
overall similarity of locally conservative and apparthat are considered transforming from one morpho-
ently homologous traits, apprehended heuristically Hggical state to another are, usually, characters from
a “naive form of analysis of variance” (Littlejohnclassical descriptions. (3) Molecular trees are vari-
1978: 234). Conservative traitsare those stable ously assembled through parsimony analysis (as in
within a taxon (and also often its close relatives) anahorphology), or maximum likelihood or Markov
also at different collecting sites and across differemhain Monte Carlo Bayesian methods. It will be
habitats. (2) Morphological cladograms preserghown that the order of nesting of either morphologi-
nested sets dfait transformations away from an ap-cal or molecular cladograms may not be the same as
parent primitive (basal on a caulistic tree like a Beshe order of macroevolutionary transformation. See
seyan cactus diagram and similar to other basal taxhg discussion of self-nesting ladders.
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CHAPTER 3
THE FRAMEWORK

Although phylogeneticists commonly aver that moduced from a progenitor species but without change
lecular trees imply relationships between taxa, actin the progenitor species. In the former, the caulis is
ally such trees only represent genetic continuity diroken, and maximum parsimony is appropriate,
molecular strains and isolation events associated witbhile in the latter the caulis remains intact, and a less
the specimens analyzed but not the taxa. This ngé&rsimonious solution is necessary.
necessarily reveals speciation events because taxa inSystematic pattern and evolutionary process are
morphological stasis may generate daughter specmswvadays commonly divorced in the development of
but remain static in expressed traits (Frey 1993; Tghylogenetic classifications (Rieppel and Grande
bias et al. 2010), while continuing to change in nort994), beyond acknowledgement that shared ad-
coding molecular traits. The traits are mostly nonvanced traits imply shared immediate ancestry. This
coding sequences usually assumed to be unbiasedidgds to well-defined sister-group cladograms that are
differential selection. In terms of information theoryamenable to mathematical and statistical manipula-
(Shannon & Weaver 1949; Weaver 1949), systemditon, the “mechanized knowledge” of Gigerenzer et
ics based on morphology and other expressed traigé, (1989: 211). But, because ancestor-descendant
and systematics based on mostly non-coding DN#elationships are ignored (Dayrat 2005; Grant 2003;
sites are not each based on information redundanthNfayr & Bock 2002; O'Keefe & Sander 1999), it also
the other, and one cannot be eliminated in favor ¢dads to empty precision (Rieppel 2010), including
the other without sacrifice of information. All sciencethe assumption that dating geologically one sister
seeks to maximize information in a simplifying ex-group necessarily gives the same date to the other.
planation that addresses all relevant information. ThHetroduced in the present work is the structuralist
process of analysis using a single unifying conceptpncept of isomorphism (Giere 2009), i.e., a struc-
macroevolution, leaves less uncertainty than analysisre-preserving map of hidden relationships, which,
through classical systematics, morphological cladisa systematics, can be the identification of progeni-
tics, or molecular systematics each alone. Less unctor-descendant-based matches or mismatches be-
tainty lowers informational entropy and any distween cladograms based on morphological data and
agreement increases entropy. Unfortunately the diérose based on molecular data.
crease in entropy (i.e., increase in “negentropy”) due This is equivalent to the search for “hidden vari-
to lessening of uncertainty by eliminating relevanables” in physics, such as a non-obvious classical
data that is not phylogenetically informative is artifi-explanation for the nonsensical non-deterministic
cial. rules of quantum mechanics. These structural isomor-
One can interpret molecular heterophyly (pargghisms empirically (van Fraasen 2007) support the
phyly and phylogenetic polyphyly) as an indicator otonsilient (see Glossary) and consistent historical
progenitor-descendant diachronic (caulistic, througstructure hidden in both data sets through a theory of
time) evolution (Zander 2008b), and make an evolgeint cause (common ancestry), and this is true
tionary tree (plates 6.1, 6.2, 8.1) with named nodes whether the data sets achieve congruent results or
series of nodes, leading to, e.g., a commagram ot. Reconciliation of morphological and molecular
“Besseyan cactus” (Plate 8.2). For a modern exampttadograms is not needed for the structure they share
of a Besseyan cactus of macromolecular transform@ut see wrong corroboration from two identical self-
tion see Denk and Grimm (2010). nesting ladders, below), namely that due to genetic
Macroevolutionis used here in Jablonski's (2007)continuity; otherwise a theory that provides for gen-
sense as evolution at and above the species leveleaal caulistic macroevolutionary agreement is of in-
opposed tamicroevolutionbeing minor genetic and terest.
phenetic changes within a species, although micro- Curiously, the search for reconciliation of classi-
evolution may lead to speciation through infraspecie=sl and phylogenetic classifications, and morphologi-
in gradualist scenarios. Two kinds of macroevolutional and molecular cladograms, is quite like that of
are emphasized here, (1) pseudoextinction whereHggelian dialectics, where two opposites (thesis and
descendant species is produced from a progenitantithesis) are both explained by finding some shared
which itself changes into another species by anager@ocess (synthesis) that obviates a perceived neces-
sis (gradual change), and (2) budding evolution (esarily excluded logical middle (e.g. A or B is right,
stasis speciation) where a descendant species is grat not both). The Framework synthesis is, of course,
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not a theory of class struggle in a historical contexhethodological technique for standard evolutionary
(Engels (1989: 86), but simply macroevolution in &ystematics based on pluralist scientific philosophy.
scientific context. As suggested by Kitcher (1988: 172), the virtue of

A methodologically and theoretically pluralistDarwin’s theory of evolution is that it promised to
Framework is presented here in an effort to explaumify a host of biological phenomena, even though
all available evolutionary information by an over-much was not understood at the time. The present
arching, unifying theory of macroevolution, repre-book advances the idea that a reevaluation of evolu-
senting the results in a classification of value t@ionary principles in systematics will do the same.
workers in many fields. The present contribution is a

FRAMEWORK FLOW CHART

CLASSICAL TAXONOMY

1. Analytic, sort to species

2. Synthetic, group to supraspecies
3. Biogeography, ecology named desiptions

4. Biosystematics, Dollo
MORPHOLOGICAL CLADISTICS
5. Superoptimized cladogram

6. Natural key
MOLECULAR PHYLOGENETICS
7. Molecular cladogram
8. Convert to 0.95 clades

named/specimens

9. Same-tree heterophyly
10. Cross-tree heterophyly
11. Superoptimization for unsampled
heterophyly and self-nesting ladders
12. EVOLUTIONARY TREE
13. LINNAEAN CLASSIFICATION
14. OTHER EVOLUTIONARY INFORMATION

Plate 3.1. —dealized Framework flow chart faombining classical taxonomy, morphologi-
cal cladistics and molecular phylogenetics to generate an evolytitvearof serial (as op-
posed to nested) macroevolutionary transformations. Thitgésiwa Linnaean classification
plus additional information that allows interpretationtw# tlassification. Classical taxonomy
provides descriptions as data sets for morphological cladiatidsprovides named specimens
as exemplars for molecular phylogenetics. It also contribufesmation on geographic dis-
tribution, ecology, (ideally) biosystematics, and possibtections for unidirectional Dollo
transformation at the taxon level. When molecular phylogeneticet available or unre-
solved, an evolutionary tree may be constructed from theah&iey developed from the su-
peroptimized morphological cladogram, or from a superoptingizessification alone.
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CHAPTER 4
Element 1 - Contributions of Classical Systematics

Précis —Classical taxonomy distinguishes species and taxa usinge2®6 gf highly devel-
oped heuristics in identifying conservative traits for usestablishing taxa by differences
and for grouping the distinguished taxa by similariti@mssical taxonomy demonstrates its
utility by matching in major features the results of motpgiwal and molecular cladistics. It
is superior in creating classifications because morphologicaktitzisimply parrots back the
original descriptions and their implied relationshipspart due to preselection. Traits valid
very locally (clearly strongly affected by adaptation or epigeneiicgidged by covariance
with environmental variables) are not treated the same in classicaldmy as conservative
traits stable across a larger group or groups and associdied larger group of stable traits.
It is superior to molecular systematics because it samplesapducally both densely and
widely the complete taxon as opposed to one or a very few sgegiimnd is not confounded
by tracking one of many strains that may be paraphyletic.

Alpha taxonomyleals with the distinguishing of spe-by the artificial classification principle of holophyly
cies, their traits and distribution, commonly by evalu¢strict phylogenetic monophyly), the Framework re-
ating gaps between ranges of expressed traits, pguires that any taxonomic group being addressed be
ticularly morphology, that are perceived as cohererinitially restricted to classical taxa plus any past true
Classical systematicgroups species into assem-advances in understanding, i.e., restoration of taxa
blages of apparent evolutionary close relationshiphylogenetically lumped merely because they make
using whatever information is available, consisterdnother taxon at same rank paraphyletic, and restora-
with evolutionary theory. Both are here referred to a#on of taxa split because they are paraphyletic.
classical taxonomyEven the “morphological” spe- Basic textbooks in taxonomy (e.g., Stuessy 2009;
cies concept of Cronquist (1978): “Species are tigtuessy & Lack 2011) review classical methods.
smallest groups that are consistently and persisteniliese include such basic techniques as clustering by
distinct, and distinguishable by ordinary means” hasmilarity, gaps, intergradation, and homology, iden-
a significant element of evolutionary theory embedification of conservative traits, and characteristic
ded. Also, compare Sonneborn’s (1957, in Heywoogleographic and ecological distributions. “Natural” in
1963), “minimal irreversible evolutionary and mor-this book follows Darwin’s (1859: 404) definition of
phological divergence that yields constant and readihatural taxa as based on both genealogical relation-
recognizable difference.” shipsand degree of divergence. A modern revision

Systematics today requires an initial evolutionarynay also involve information from ecology, paleon-
analysis, however perfunctory, contributing to antblogy, evo-devo, population genetics, chemistry,
building on a predictive classification that is, as sucltytology, ethology, and other biosystematic indica-
useful to many fields. Scientific knowledge is basetbrs of descent with modification of taxa, particularly
on facts and the testing of predictive rules, in taxonnferences through application of Dollo’s Rule to
omy rules developed over 250 of increasing expehelp group taxa by homologous, conservative traits
tise. Phylogenetic analyses, even though very precigkat organize (i.e., predict) other traits that are less
poorly predict classical results. Alpha taxonomy, irconservative and more easily lost or reversed. Stan-
the modern context, involves the analytic discerrdard taxonomic methods build on both differences
ment of groups of organisms in nature developed tand similarities to produce a first pass at evolution-
evolutionary processes promoting distinction rathdrased classificatory guides to biodiversity (Zander
then similarity, while classical systematics focuses a2007b). This parallels Linnaean classification where
the synthetic shared-ancestry-based similarity belifferences are noted by distinguishing species, and
tween groups. Because classical systematics at lesishilarities by organization into higher ranks. Alpha
in the past has included a morphological cladistiaxonomy deals with conservative traits “locally”
analysis, this, among other inferences of relationshijiepcause some traits may be conservative only for
including phenetic clustering, provides at least a firgiarticular subgroups, while weighting traits in mor-
theoretical glimpse of the dimension of macroevolushological cladistics is biased by being globally ap-
tionary transformation. plied.

Given that phylogenetic classifications are biased
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Sample size —n statistics, required sample size fometic analysis uses heuristics (e.g., Hastings-
a particular level of confidence can be estimated byletropolis sampling) to sample multimodal data
recourse to the Central Limit Theorem (Ross 2008paces of DNA sequences. Assessing adequate mo-
393) or through the Bayesian context (Winkler &ecular sample size to determine distinct phylogenetic
Hays 1975: 598). A fundamental but largely unreadnits has not been much studied but the literature
ognized feature of taxonomic heuristics is the generiadicates that 20 to 59 individuals (Crandall et al.
statistical rule-of-thumb that about 30 samples a2000; Walsh 2000) is a minimum number. Adequate
sufficient to ensure a normal distribution of samplesample size does not mean there are no unsampled
from distributions that may be skewed but are napecimens (e.g., extinct lines) that may render a taxon
very complex, e.g. are not multimodal (Games &araphyletic, but does help search for extant isolated
Clare 1967: 247-248; Yamane 1967: 146). Testing pbpulations with informative divergent molecular
this rule by Smith and Wells (2006) demonstrated lineages.
complete spectrum of reliability, from 15 samples The normalized sampling distribution allows a
being sufficient in most normal data sets, and 30 fgood estimate of the mean of the sampled, potentially
bimodal well-behaved data sets, to not even 30@n-normal distribution. For this reason, though per-
samples being able to deal with heavily skewed disaps only implicitly recognized by taxonomists, doz-
tributions. Consistent following of the normal samens or hundreds of specimens are examined in classi-
pling distribution in a real data set did not begin untital taxonomy to establish diagnostic measurements.
175 samples were made. Alpha taxonomy commonhlany more specimens are examined to establish and
expects sampling of specimens for each species dascribe bimodal distributions of traits, such as when
this ballpark level. two species have been wrongly conflated, or infras-
Sample size can be dismissed easily. Morrisgpecies are diagnosed. The point of doing taxonomy is
(2013) wrote: “...there is an exponential relationship understand variation globally for a group of spe-
between sample size and precision, so that doublioges such that when a possibly new species in the
the precision of an estimated quantity requires thgroup is detected based on only one or a very few
sample size to be squared, which leads to rapidly dexamples, reasoning banalogy (Kline 1985: 48;
creasing return for effort. Any sample size beyond Lim et al. 2012) can provide a guide or prediction as
= 30 is, for practical purposes, little different fram to whether it should be described or not. Ranges and
= infinity.” This assumes a rather simple distributiormodes of variation of similar, related taxa are as-
of the sampled data. sumed to be similar (as per Vavillov's “Law of Ho-
Sample size in classical systematics is usually eriologous Series,” Vavillov 1951). Molecular analy-
cellent, with many specimens of each taxon exarsis uses analogy, too, when representing morphologi-
ined, but sample size in molecular systematics is ustal taxa with single molecular samples, but arbitrarily
ally one specimen per species or even genus. In nrejects the analogy in instances of paraphyly.
lecular systematics, large groups like families can be Because molecular systematics must stand alone
adequately well-sampled taxon-wise by summing it is to be supportive of morphological studies, or
molecular samples of species such that the largethstand being refuted by them, the small sample
groups can be represented by known variation in tlsézes in molecular analysis makes reasoning by anal-
molecularsamples rather than just theorphological ogy difficult or impossible in groups in which all taxa
descriptionsassigned to the exemplars. Zhang et ahre each represented by one or few samples. Families
(2011) averred that they were able to infer correand higher ranks of organisms are commonly well-
species delimitations with a single sample and S€ampled molecularly, and these may provide an anal-
DNA loci, or 5 to 10 samples and 50 loci, based oogy, yet the prevalence of paraphyly among families
assumptions of pseudoextinction, a relaxed biologicaddicates, by analogy, that genera and species should
species concept, and that concordance of gene tre¢és be predicted as commonly paraphyletic when-
across multiple loci indicate a distinct, stable speciesver they are ultimately well-sampled.
Walsh (2009) was apparently able to confirm a lepi- Whittaker (2009) emphasized the importance of
dopteran as a distinct species because its CO1 s#raspecific sample size in conservation and biodi-
guence DNA barcode had a greater than three perceatsity analysis. Goldstein et al. (2002) pointed out
difference from that of its closest relative. Althougtthat inferences are facilitated by an amplification of
the moth was morphologically distinctive, both theelationship detection when working with small sam-
above methods may identify molecular species thpte sizes due to overestimation of Pearson correla-
have no morphological identifying features. Phylogetions, while Aron et al. (2008: 225) indicated that
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small samples of high Bayesian credibility have hight best two “things” because this category has no ap-
power of discrimination. Such analogy is commorparent. That is, there is no apparent value to the cate-
and has been found (at least in modern taxonomgdry “things” for reasoning purposes.
generally predictive of estimated features when addi- In phylogenetics, taxa may be combined even if
tional specimens become available. The benefits aggolutionarily unalike by substituting axiomatic phy-
may not be worthwhile, however, if chances of detedegenetic monophyly for reasoning about evolution.
tion failure are high. The category “phylogenetic monophyly” has value to
phylogeneticists interested in dealing with sister
Reasoning — Scientists use deduction, inductiongroups but not to those who need information about
abduction and reasoning by analogy, if they are oserial macroevolutionary transformations. Taxa may
ganized in thinking. Abduction, the devising of a hyalso be dismembered in phylogenetics merely be-
pothesis, is a central feature of the scientific methodause of position, being not contiguous (being heter-
A reason is posited as an explanation for a given obphyletic) on a cladogram. This is the complement or
servation (Fitzhugh 2012; Niiniluoto 1998; Pierceobverse of mechanical addition and may vyield cate-
1903). There may be many abduced explanatiorgories that are, for phylogenetic purposes, practically
yet, for hypothesis testing, one is singled out as th@entical and so mathematically transigent if com-
more worthwhile to test. Selection can be as simpléned.
as educated guesswork or there may be rules for se-
lecting explanations for testing. Popper (1959: 12&cientific intuition — The “creative act” associated
did not seriously investigate abduction beyond pointith intuition is well discussed by Springer and
ing out that the simplest hypotheses are better teSteutsch (1993: 312), who give examples of major
able because the epistemic content is greater. A mastentific discoveries associated with hypnogogic
impressive example of abduction is that of physicigemi-dream states. Such eureka events, however, are
Edward Tryon (Parker 1988: 190) who realized thatited by them as not “accidental or purely intuitive
the universe’s gravitational potential energy was extiscovery.” Most are in a scientific context associated
actly that of its mass energy, but negative, so the neith a long-term problem, with a background “set by
energy of the universe was zero. Thus, probabilisticears of rigorous work,” often with a latent period in
vacuum quantum pair fluctuation could well havevhich, apparently, the unconscious attends to the
been the origin of the universe, and “where did thguzzle.
energy come from? is no longer a question. A neat Classical taxonomy has been accused of being an-
hypothesis like this is based on expertise and hutique, subjective, “merely” intuitive, or even instinc-
dreds of years of standing on the shoulders of giantgual (Hey 2009; Scotland et al. 2003; Yoon 2009), a
The following illustrates the need for discursiveproduct of “authority figures” (Mooi & Gill 2010)
reasoning to put in context and transform into cohemvoking a personahous.Classical taxonomists are
ent theory the “discovered” evolutionary relationdikened to red-daubed feathered shamans dancing in
ships in molecular phylogenetics. Real things are difitful firelight in smelly, smoky, dank caves, their
ferent in some way, that is why we can tell they arenly analytic tools being a bull-roarer, some popping
different even if at minimum the only detectable difbladders, and the occasional scry from a fresh liver.
ference is their position in space. Mathematics ma¥hen a range extension is published, such a paper is
add one and one and get two, but the two items asgticized as having no theoretical framework, no ex-
always different. Thus mathematics is a first apperiment, and no results. In fact, taxonomy is a 250-
proximation for the spectrum of fuzziness in the realear research effort whose communal beginning is
world. It takes discursive reasoning to see if thattributed to Linnaeus, and which seeks to document
mathematical analysis actually applies to the situgand explain if possible) the distinctions, groups, and
tion. For example, one apple and one apple make twistributions of the world’s plants and animals. Any
apples, even if one is a mackintosh and the otherli@le distribution record is a part of this research con-
granny smith. Why? Because we decide this categdmext. The project goes back farther than Linnaeus, of
“apple” is mathematically transigent because imporeourse, through the Greek and Roman naturalists and
tant for our purposes in future calculation. One applghysicians, straight back to the dancing shaman. But
and one orange make two fruit, and “fruit” is an acit is an integral project with a noble end, a clearly
ceptable transformation because the category hstated basic corrigible scientific method, a receptive-
value in future calculation; you are sampling similariness to advances in theory and methods, and a proven
ties or likenesses. One apple and one automobile g@mctical dimension.
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The words intuitive and subjective must not belistant groups of animals, while different genes are
conflated. Intuition is a bright idea grounded in thorapparently the source of the same phenotypic adapta-
ough familiarity with data and theory, while subjection in related groups, the usual distinction between
tive means existing only in the mind or illusory. In{parallelism and convergence (parallelism expected to
tuition is fundamental to hypothesis generatiorhe based on the same genomic pathways, and con-
which is part of an objective scientific endeavor. Subrergence on different) breaks down. The authors rec-
jective is, by definition, not objective. ommend that “convergence” should be the general

An evolutionary systematist might question phyterm. In the present work, evolution of the taxon is
logeneticists as to their own intuitive act of choosingaramount. There should be no confusion between
cladistic analysis as a method in the first place. Is utsing the same or similar genomic pathways to help
the similarity with a dichotomous key that is deciestimate evolutionary relationships, and discovering
sive? A dichotomous key is the central feature dhat the generation of the same adaptive expressed
classical taxonomy, and has much manna. Combinitigits may be through different genes by chance alone
transformation series with a dichotomous key seemesponding to a particular selective regime at the ge-
attractive at first consideration, yet there is no reasaomic level. Evolution of the phenotype may be quite
for evolution to occur in such a pattern. According tdisconnected from “evolution” of the genotype
principles of human magical thought, the law of simithough remaining based on it. The phenotype evolves
larity means like causes like, or, alternatively, apto establish a new taxon, not the genotype, which
pearance equals reality (Rozin & Nemeroff 2002). Anly changes and may generate the same adaptive or
cladogram is clearly a tree, isn’t it? The shamaneutral trait in many ways as a willy-nilly service to
dances for everyone. evolution. A good review of non-genetic inheritance

Additional intuitive elements of phylogenetics in-is given by Danchin et al. (2011). It must be pointed
clude choice of exemplars, which outgroup(s), whicbut here that epigenisis may be cited as the reason for
traits. These are intuitive scientific choices and casny unusual phenomenon that is not easily ascribed
be easily defended logically, yet phylogenetics is likeo genetics. Evidence in favor of epigenetic reversal
a mathematical proof for which one part is invalidpf individual traits is known for many groups (sum-
yet the remainder is constantly perfected with greatarized by Zander 2006, and see discussion of Dollo
industry and zeal. evaluation in Chapter 8), yet clear support for rever-

Although Felsenstein (2001) has asserted thaal of entire taxa is not at hand and may never be.
phylogenetics is now on a firm statistical basis, his Phylogeneticists have indicated (Grant & Kluge
list of early intellectual phylogenetic axioms still2004: 23) that if data are not phylogenetically infor-
holds for the most part. The result is that phylogenetative of a transformation event, they are irrelevant,
ics, especially in its use of new statistical ways oihile optimality theory (van Deemter 2004) has it
working directly with the genome, and has not onlyhat a concept is “ineffable” if it cannot be expressed
become the darling of university deans and the staff a language (e.g., phylogenetic trees) through ex-
of granting agencies, in fact phylogeneticists haveressible in another language. Although it has been
become the deans and have staffed the granting agsaid that “nothing needs to be known about evolution
cies. There would be no problem with this if phyto classify phenetically” (Ridley 1996: 372), as a kind
logenetics did not have fatal flaws, discussed in detaif “theory-free” philosophy, modern classical tax-
in this book. Phylogenetics has reserved the sobriquatomists are fully cognizant of the importance of
of “systematics” to itself, redefining the word tohomology in expressed traits when evaluating simi-
mean “phylogenetics and its applications to classiflarity (Mooi & Gill 2010; Sneath 1995), even at the
cation,” while the remainder of plant and animahlpha level.
natural historians are generally relegated to “taxono- Additionally, alpha taxonomists distinguish be-
mists"—being service people who collect, name, anmiveen artificial and natural keys, a distinction similar
curate specimens. To paraphrase Adams (1980: 3&),that between phenetics as optimization of number
“The [molecular cladogram] is definitive. Reality isof character state identities, and cladistics, as optimi-
frequently inaccurate.” zation of state transformations (following Brower

This book suggests that it is taxa that evolve, n@009), although of course such transformations are
characters divorced from the taxa. According to Arassumed to occur between similar taxa. A natural key
endt and Resnick (2007), because genomic analysi|my have to be trichotomous or polychotomous to
has demonstrated that the same genes may be reflect multiple daughter taxa from a single progeni-
volved in the same phenotypic adaptation in quiteor taxon. Laurin’s (2010) evaluation of evolutionary
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trend detection used only simulations of charactemall set of conservative traits inform evolutionary
change “using known evolutionary models” of charrelationships, while in morphological cladistics mod-
acter change. Alpha taxonomists use geographiaging of microevolutionary transformations from the
and ecological correlations as helpful in distinguishwhole data set unfortunately allows multiple weakly
ing organisms, and group (as least in modern timespnservative or labile traits to overwhelm the conser-
species that have an apparent evolutionary relatiovative ones, resulting in a somewhat artificial evolu-
ship into higher taxa, either through overall similaritionary model. In Bayesian terms, weakly conserva-
in important (homologous, conservative) traits otive traits are noise that overfit the training set (Mar-
through some theory of taxic coherence in evolutiortignon 2001).

ary divergence. Molecular systematists use exemplars Another heuristic is “Take the first,” in which an
that purportedly represent an entire taxon, but alplpert examines a series of alternatives and stops
taxonomists think in terms of taxon-areas, the rangehen an adequate solution is recognized. This de-
of known morphological variation in the world pluspends on recall and fairly similar sets of problems,
other, biosystematic traits when known. Connectingut saves considerable time and effort. All “fast and
molecular and morphological thinking is what thidrugal” heuristics exploit regularities in the environ-

book is about. ment, including those in data, but may not be entirely
generalizable (Gigerenzer and Selten 2002). Aerts et
Heuristics — Classical taxonomy, morphologicalal. (2010) demonstrated a go-no go theorem involv-

cladistics, and molecular phylogenetics all deal witing quantum-style analysis for dealing with manifest
what is basically an np-hard problem (Semple 200data based in part on hidden variables, and Aerts
299, 308). Np-hard means “not to be completed i{2009) discussed the well-structured mechanics of the
polynomial time,” i.e., full optimization involves double layer of human thought that figures in the bal-
generation and analysis of greater and greater satxe between logic and Gestalt apprehensions of real-
(Martignon 2001). A maze is an np-hard problemity, basing heuristics on entirely rational processes. In
requiring examination of all paths until the exit isboth papers, however, an over-arching theory (e.g.,
found although there are weak heuristic search metherts 2009: 22) can reconcile the apparently non-
ods (Pullen 2011). Both morphological and moleculaslassical disjunctions and conjunctions associated
analyses use heuristics to simplify searches to geith apparent quantum phenomena in mesocosmic
results that are not guaranteed optimal but are at leasgnition. Rules of thumb are also important in statis-
close. Heuristic search in parsimony analysis is oriigal psychology (Wilkinson et al. 1999). Inasmuch as
kind, and Markov chain Monte Carlo analysis involvihere is considerable matching of the groupings of
ing Hastings-Metropolis sampling in Bayesian analyelassical revisions with molecular analytic results,
sis is another. informal genetic algorithms are apparently success-
In the absence (or in alpha taxonomy the metlinl, and formalization of taxonomic heuristics, as
odological difficulty) of clear cut and robust sam-done for decision heuristics by Goldstein et al.
pling, such as is involved in standard hypothesis teg2002), would be important. One can note the Dar-
ing, heuristics must be used. Evolutionary relatiorwinian evolution itself is heuristically based.
ships are, in classical alpha taxonomy, addressed andlt is quite possible that simple heuristics such as
inferred through informal genetic algorithms for rulethe above will eventually be formalized mathemati-
production (Gigerenzer 2007; Hutchinson & Gigereally. A good place to start is adaptation of the Fitz-
enzer 2005) as a heuristically based expert systemHiigh-Nagumo equations (Stewart 2011: 164) that
systematics (Zander 1982), and the quasi-optimdescribe threshold excitability in neurons.
results allow generation of descriptions of taxa.
Goldstein et al. (2002) describe the “Take the bes& 250-year scientific enterprise —As noted above,
heuristic, in which inferences and predictions arelassical taxonomy is not merely descriptive, but is a
based on only a part (say, one-third) of the inform&50-year joint scientific enterprise distinguishing and
tion until a stopping rule ends the search and degrouping the kinds of organisms. This, at least in
sions are made on basis of the cue that ends tmedern times, is based on guidelines from and de-
search. Such predictions are better than those matlections about theoretic evolutionary processes that
by multiple regression, and are based on not allowirggfect the history and groupings of organisms in the
less important data to overwhelm (compensate fomatural world. Non-trivial falsifiable null hypotheses
highly weighted data. The parallel in systematics iare basic and abundant: e.g., groups cannot be distin-
the difference between classical taxonomy in which guished,; if false then groups have no ecological and
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historical traits; if false then there are no discernabktandable by formalization. Alpha taxonomists
sequential, tree-like, or reticulate patterns of evolwshould not doubt their methods as they are well
tion; if false then no evolutionary theories can be ddeunded on rather basic relationships in physics and
vised and tested; if false then such groups have good statistical sampling.
value to other sciences; if false then ... and so on.
Like parsimony algorithms, classical taxonomist8ayesian reasoning and multiple tests— With a
conceive of and discard many suboptimal evolutiorehange during the 1700's and 1800's towards prob-
ary models and classifications before settling on abilistic thinking in science (Pap 1962), philosophical
solution that either best explains and represents the logical support for certainty or relative certainty
data or, even what is more desirable, one that is mughout “truth” in science began to be replaced by a
better than any other in explaining and representimagmatic attitude that science does not establish
the data, avoiding the vicious ambiguity (van Deentruth, but identifies theories that are so well supported
ter 2004) of nearly-as-good alternative explanationby facts (well-corroborated observations) that they
What does “much better” mean? This depends on theay be acted upon (used as a basis for additional re-
number of alternatives that must be considered. $karch) and alternative theories may be ignored, even
there are only two alternatives, and one wants a 0.8%ugh some facts support them. The new probabilis-
credible interval, then the alternative should not bigic science is centered around a phenomenon of dis-
more than 0.05 probability. Much better in this casgibution of random events in physics described by
is 0.95 / 0.05, or 19 times better. If there are morhe Central Limit Theorem, and is the basis for prob-
than two alternatives, theumof the probabilities of abilistic theory and statistics. Statistics as a field is
each of the alternatives should not exceed 1/19 of tixell established today and, although there are con-
probability of the main hypothesis. So if we have #icts between the different schools (Gigerenzer et al.
case where the main hypothesis is of 0.50 probabilit§989) of frequentist, Bayesian, and hypothesis test-
and the highest of many alternatives is 0.026 prolers, the basic requirements for assessing reliability
ability, then although 0.50 is 19 times 0.026 this iare clear. There are, however, commonly today many
not “much better” than the sum of the alternative hyphylogenetic studies that fail to provide adequate
potheses (which should be 0.50) even though mushatistical evaluation, often focusing on only one or
better than the best alternative. two of several requirements for establishing reliabil-
A formalization (see detailed discussion in Chapity. Such short-cut solutions to prediction should be
ter 12) of dimensional heuristics in taxonomic deavoided in science, as it is in more mundane matters,
scriptions of mosses (Bryophyta) revealed that, fauch as, say, horse-race handicapping. Beyer (1975:
the format (a—)b—c(—d) metric, the low range “(a—)b10), for instance, after much early failure, opined:
is usually about 0.25 of the high range “c(-d)”, whiléThe systems and the gadgets are all based on the
“c(—d)” is usually 0.85 of the mid range “b—c”. Thesame assumption: that the complexities of horse rac-
geometric mean of the mid range “b—c” is quite nedang, which have baffled men for centuries, which in-
the geometric mean of the full range from “a—d’yolve hundreds of factors, can be resolved by the ap-
while the arithmetic means (averages) of “a—d” anplication of a few simple rules or calculations. The
“b—c” match less well. This is because “b—c” is oftemssumption is a seductive one.” And that “...it will be
a large proportion of the range zero to “c”. The lownuch easier [for one] to operate with an inflexible
range “a—b” is crowded between zero and “b”. Thismethod that dictates what he should do rather than
involves the geometric mean, such as is used fase his intelligence and judgment at every stage of
problems involving proportions, or across large parthe handicapping process.” (Note: Dot bet the po-
of magnitudes, e.g. “a” of 0.1 units to “d” of 10 unitsnies. This is only a colorful example.)
or in solutions to certain “Fermi Questions” (Morri-  Although the result of Bayes’ Formula is the pos-
son 1963; Weinstein & Adam 2008). Gould’s (2002terior probability and that is commonly regarded as
893) speciational reformulation of macroevolutiorthe chance of a solution being correct, the Bayesian
involving minimum structural constraints on size igphilosophy also requires no bet (i.e., no confidence in
also relevant and explanatory, i.e., although there atee pragmatic value of the results) except after
mutations promoting variation towards both smalkkvaluation of risk. Bayesian betting in the phyloge-
and large size, there is a developmental wall to smalétic context means taking the study out of the realm
size for particular organisms, e.g., horses, which onbf speculation and deciding whether to view the solu-
seem to evolve only towards large size. A number ¢ibn as sufficiently reliable to base additional work
heuristics may be enhanced or be made more und@iogeography, etc.) on it. The risk of one’s science
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being wrong also depends on the chance of any geerfectly justified lengthy discussion of Chapter 15)
sumptions being wrong, which affects the final probeccur when selection is made on the chance of being
ability involved in the decision to make the bet ocorrect. For example, flipping many coins many
not. The posterior probability of a branch arrangdimes to determine if any are loaded will result in
ment of interest must be modified by the chance thagveral coins coming up heads several times in a row
the arrangement is wrong because an assumption naaaen if all coins are fair. In the context of a large
be wrong. This is not the same as the “anti-quantiumber of coins analyzed, this is to be expected. But
arguments that exact analysis, such as standard dege@lecting only that group of coins and their associated
tion, is merely a hyperexact measure of risk, which @ata that generates a high reliability measure and re-
better estimated intuitively (Brown 2011). Risk caranalyzing from that data will falsely show high reli-
be estimated in many ways, but it must be estimateability out of context, and the high possibility of this
exactly or as best possible. being random data is hidden. In phylogenetic analy-
Therefore, many studies must be made to estadis, preselecting taxa for study based on morphologi-
lish a chi-square distribution, and low scores retainezil analysis and a natural key gives molecular results
(not discarded if below 0.50). Consider a 4-taxothat should match the molecular key. This is not a
branch arrangement with the branches labeled A, Bandom analysis that discovers support from separate
C, and D, and possible branch lengths AB, AC, armthta since the molecular data are dependent on the
BC when D is outgroup. With total evidence, in thg@hylogenetic structure of the preselected exemplars.
4-taxon case with random data or in the case of real This dependence is also found in molecular data
data with a hard polytomy, it is possible to find osets alone. If the first molecular analysis resulted in
contrive an arrangement supported by chance aloaee clade with a BPP of 0.95, then the second analy-
with, for instance, a 0.98 CI (credible interval) relisis using a different molecular sequence based on just
ability of a branch length of 7 steps where AB + AGhe exemplars of this clade, to reach 0.95 BPP, re-
+ BC = 10; doubling the data will reduce the chancguires Bonferroni correction (i.e. a BPP of 0.975 is
down to 0.96 in a branch length of 11 with AB + ACneeded), such that both analyses are correct (show
+ BC = 20. This assumes the additional data is rameceptably non-random variation) at the same time.
dom from additional studies of the hard polytomy (oAny preselection of taxa is a candidate for examina-
from another contrived data set) and shared abdidn for introduction of multiple test problems and
equally by AB, AC and BC. Thus, for branch lengthempty agreement.
of about 10 steps, rather highly reliable scores that Given the emphasis in the present book on deci-
may have occurred by chance alone are not correctdn theory, one should note that aircraft manufactur-
by total evidence involving a hard or soft polytomyers often insist on “Six Sigma” precision. The Sigma
until the data set relevant to that branch arrangemdavel indicates the minimum number of standard de-
is more than doubled in size. viations tolerated for acceptance, and Six Sigma
A totally artificial data set of 50 taxa and 50 ranmeans 3.4 defects per million opportunities for error,
dom 2-state characters was contrived with RANDsr 0.999997 error-free. Five Sigma limits defects to
SET (Zander 1999). Analysis with PAUP* under230 per million, or 0.998 error-free; Four Sigma to
maximum parsimony (hs with 20 random sequend®200 per million, or 0.994 error-free; Three Sigma to
additions) produced 159 equally parsimonious treegout 66,810 per million, or 0.93 error-free; while
from this totally random data set, and a largely unrd&wo Sigma limits defects to about 308,500 per mil-
solved strict consensus tree with, however, two disen, or 0.69 error-free. In phylogenetic analysis, tol-
tinct lineages (A, B) and ((C, D) E). An analysis of arable error limits are generally set at Three Sigma or
subset of only these 5 taxa, under maximum parsbove. Requiring a Four Sigma level of precision
mony (bandb) with PAUP*, produced one lineage ofvould limit statistical power (of discrimination) dras-
((C, D) E with 0.58 BP support for (C, D) and 0.8%ically, but many clades often reach a high Sigma
BP for (C, D, E). Bayesian MCMC analysislevel of precision because theiesuch a thing as
(MrBayes 3.1, datatype = standard, ngen = 50000@Qjtatistical certainty,” meaning precision as close to
of the 5 taxon data set provided 0.74 BPP and 0.84rtain) given the data and analytic method) as makes
BPP for the same groups with their random datao difference for decision making. Of course, preci-
Clearly, preselection of a subset on the basis of a redion is not the same as accurate or correct.
ability measure for further analysis introduces multi-
ple test problems. Preliminary macroevolutionary hypotheses —
Multiple test problems (Felsenstein 2004, and se@lassical taxonomy is both analytic and synthetic, a
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practice represented in the binomial by species amlaythrophyllopsis, Trichostomum, Barbula, Tortula,
genera, respectively. The first synthetic effort is taith a side branch or split froBarbula, of Pseudo-
make initial groupings of species using whatever gerossidium,and Syntrichia. This corresponds with
nus concept is favored by the author for the particulanajor trait changes from plane leaf margins, to unis-
group, and the second is to make a macroevolutiotratose leaves, to recurved leaf margins, then one split
ary hypothesis of one taxon generating another inby a side branch frorBarbulato ovate leaves with
series or demise of the ancestral taxon. The methsihgle round-stereid-banded costa, to red leaf colora-
of intermediates is valuable for a first pass at a taxion, and another split to single, flattened stereid-
sequence for testing, where primitive taxa are placé@dnded costa and then to ovate leaves. Much of this
first in the sequence, leading gradually to taxa thatrallels in a simplified manner the cladogram and
are advanced in that series. The method is similar $aprageneric classification given by Zander (1993)
outgroup analysis in cladistics, where traits “evolvefor the family, but is couched in terms of taxic mac-
from plesiomorphic to apomorphic, and morphologiroevolutionary sequences. not a nested classification
cal cladograms of the taxa, including outgroup seleor nested phylogeny.

tion, can offer some guidance.

Information in classical taxonomy may be dividedVastebasket taxa — Classical taxonomy ideally
into three fairly well distinguished kinds: (1) thatdistinguishes groups that are well defined with
which clearly allows grouping of similarities, a sim-clearly observed conservative traits, then commonly
plistic form of phylogenetics or phenetics; (2) thasweeps poorly understood or highly modified and
which clearly allows splitting by differences, particu+reduced species into a common pool or “wastebas-
larly evolutionary import of autapomorphies at variket” taxon. In my own field, the moss genGy-
ous taxonomic levels of analysis; and (3) that whictoweisia of much reduced species is well known as
seems to be the magic of expertise, namely the “logkich, and in a revision dfeptodontium(Zander
and feel” of taxa, consisting of traits difficult or1972) I assigned a number of puzzling, probably un-
nearly impossible to characterize or measure brglated, and small-statured species to the section
which are valuable in assessing similarity or differVerecunda.This was before morphological clado-
ences. According to R. Heinlein, “One man’s magigrams were well understood by students like myself.
is another man’s engineering.” All cladistic morpho<Careful analysis may now redistribute the species of
logical data sets lack information of kinds 2 and 3. sect.Verecundaby determining through superoptimi-

In the moss family Pottiaceae, a fairly obvious sezation the possible transformational relationships of
guence from a similar but non-Pottiaceae outgroup tfose taxa. The restudy is in progress.

Ptychomitrium or Timmia would be Timmiella,
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CHAPTER 5
Element 2 - Contributions of Morphological Cladistics

Précis —Because morphological traits in the data set are usually takencfessical taxon-
omy studies, one should retrieve a better organized naturidieycladistic study than from
intuition alone. One commonly does not find such a resultadistics because descriptions
of species and higher groups in classical study are groupedrbglobal, independent con-
servative traits, while cladistic studies involve global weightof traits or all traits are
equally weighted, nor is there a distinction between traiesifirdependently or as a complex
in evolution. In this case, labile traits bias the clusterdgnservative morphological traits
are as valuable for tracking genetic continuity as are DNA tf@dtseful weighting of traits in
small taxonomic groups together with biosystematic evalnaif ancestor-descendent rela-
tionships help make a natural key of a cladogram, althoughisuohited to dichotomous
splits. Phylogenetic “shared ancestors” are contrivances to endluresblution of a clado-
gram. Evolutionarily primitive taxa can be tentatively idéatifon a morphological clado-
gram if other taxa of similar morphology are also scatteredtdbeuase of the cladogram.

“Morphological” is used in this book to mean anyfrom some future demonstration that there is a bias
scorable trait of the phenome (Burleigh et al. 2013pwards the least number of linked traits fixed in se-
but usually limited to morphology in cladistic studieslection during speciation, and/or the fixation of the
Any good taxonomist can, with application, developeast number of conservative quasi-neutral traits to
a natural key (emphasizing conservative traits) to rminimize physiological burden. Surely it seems likely
group. Why is a natural key often different from ahat of three terminal taxa, an arrangement that
morphological cladogram of the same taxa? Thminimizes the number of traits fixed per speciation
cladogram (e.g., Plate 5.1) can often correctly evalevent would reflect an assumption that the more traits
ate the primitive and advanced traits and group tafiaed places a greater insult on a newly evolved spe-
accordingly. This is a benefit when groups may beies. If demonstrable, this would be a scientific rea-
complex and sorting by omnispection difficult. Onson for weighting some traits greater than others.
the other hand, cladograms may be based on traiste that Kluge and Farris (1969) recommended
weighted arbitrarily (e.g., the same) and non-phylowxveighting by degree of variability of a morphological
genetically informative traits that signal distinctivecharacter within taxa, this being an estimate of the
individual taxa are excluded from the data set. Morate of evolution of that character. Fitzhugh (2012:
phological cladograms with traits equally weighted—61) has pointed out that a cladogram is itself not a
because they imply an unbiased mathematical anatgst but a graph of the evidence. Abduction of ex-
sis that supposedly leads to accuracy—are a distraanatory hypotheses remains to be developed.
tion. Thus, if selection trims the number of traits that
Morphological maximum parsimony analysessurvive speciation, then parsimony is a good way to
have fallen into disfavor in this day of the moleculagroup taxa using selection. The cladogram nests taxa,
data set, yet Schneider et al. (2010) and Mooi afmbwever, it does not arrange taxa in a macroevolu-
Gill (2010) detail good arguments in favor of evolutionary transformation series. Although there is little
tionary analysis using morphological data (Radinskglata on this, parsimony should reflect evolutionary
1985), particularly in search of congruence as coconstraint (signaled by conservative traits) as an in-
roboration for molecular studies, and for reciprocdluence on classification. If pruning of new trait com-
illumination. plexity is of selective advantage, then more complex,
The method of parsimony with morphologicalless parsimonious combinations of new and conser-
data is well-known (e.g., review by Zander 1995)ative traits may initiate macroevolutionary changes
Simplicity itself is a good criterion for selecting hy-at higher ranks in the tails of a statistical distribution
potheses for further analysis, but not because “sciesf-such pruning.
tists always accept the simplest theory.” In the case Given that morphological cladograms are based
of phylogenetics, the simplest model is that cormsn both unitary, independent conservative traits and
strained to reflect data sets to show both pseudoeq linked traits from descriptions of groups previ-
tinction and budding evolution where appropriateously inferred as uniquely, evolutionarily coherent,
Empiric support for simplicity alone might comethen such parsimony analysis is not an exact discov-
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ery process but an aid to generating a natural key ot be determined on the basis of molecular sample
cladogram equivalent. It is important, if possible, talistributions. Taxa A, B and C are each assumed to
distinguish between independent conservative traitave narrowly distributed molecular variation, in part
that are not involved directly in evolution and can beorroborated by the match of morphology and DNA
used as tracking traits (like molecular base changem)alyses. Taxon C has three exemplars within its
and traits involved in adaptation that may be fixed agriation and since all splits are at 95% credibility,
a single multitrait group (and thus should be lowetwo of these might be described as new molecular
weighted). The stricture of a minimum of 30 (to 173axa, cryptic because of the narrow range of morpho-
in difficult cases) samples for statistical evaluation dbgical variation. Lacking multiple samples, we can-
distributional variation has also been met by usingot be sure, however, that the distribution of molecu-
the descriptions of taxa in classical systematics #w data are as narrow as the distributions of morpho-
exemplars rather than single specimens. logical traits. If superoptimization using non-
phylogenetic information fails, then (and only then)

Effect size — Plate 5.2 presents an explanation ofan taxa A, B and C be theoretically generated
effect size (difference between distances betwedmrough pseudoextinction (note no special symbol at
population means divided by standard deviation dfranch split). The D1, E and D2 lineages have high
populations), and how it influences interpretation ofredibility (branch order is sure for these exemplars),
hypothetical cladograms with all splits with highbut because D1 and D2 are of the same taxon, an an-
Bayesian credibility, i.e., the order of splits is surecestor is implied by the heterophyly and the molecu-
(This is different than the “effect hypothesis” oflar data cannot be used in distinguishing the popula-
Gould and Vrba (1982), the adaptive functions of #ons (e.g., as cryptic molecular taxa) because E re-
trait presently different from those for which the traitains the molecular signature of a portion of the an-
was originally selected.) Note that in this book altestral lineage. D and E may thus be postulated as
exemplary, hypothetical cladograms are rooted or apeogenitor-descendant pair (ellipses). For taxa F, G
(more usually) a terminal clade of a larger, rootednd H, continued molecular sampling may demon-
cladogram not given. strate that DNA variation overlaps (through hybridi-

Morphological cladogram Six taxa in Plate 5.2 zation, introgression, lineage sorting, paralogy and
are well documented with many samples (verticalther factors decoupling expressed and non-coding
arrows) establishing nonoverlapping distribution®NA traits), or internal structure may be found with
with large effect sizes. The tree is a natural key agronoverlapping molecular trait distributions. In the
cladogram equivalent, the ancestral taxa D and E dedter case, cryptic species may be described but these
inferred from Dollo evaluations or from heterophylymask the coherent evolutionary character of the mor-
in the molecular study. phological species. The molecular analysis alone

DNA cladogram The distribution of morphologi- cannot show a clear mechanism for evolution or a
cal traits are the same as in the morphological taxaolecular basis for recognition of the taxa as separate
but molecular sampling is sparse and effect size cainem classical systematics study.
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TIMMIELLA
Erythrophyllopsis
31:2-1 } Erythrophyllopsiodeae
Erythrophyllastrum
Gertrudiella
21:2-1, 40:1-0
Chionoloma
10:1-0, 27:0-1
Pseudosymblepharis
21:1-2R, 45:1-2
Pachyneuropsis
33:1-0
Calymperastrum
6:1-0, 30:1-0
Eucladium

45:1-2, 68:0-1
Pleurochaete
11:1-2R, 18:0-1, 54:0-1, 57:0-1R, 66:1-2

—111:2-1, 24:3-1, 31:2-1, 57:1-0

Plate 5.1. —Cladogram equivalent of a natural key from Zander (1993) cl lipenera of
the moss family Pottiaceae. The code for traits and trait sgai@iéable in the original publi-
cation, shows trait transformations, R means a reversal. Tiee basal Erythrophyllop-
soideae, represented by two species, is deeply embdiidiaitl in another, molecular clado-
gram, and the morphological cladogram (above, in part) proeidesis for cross-tree heter-
ophyly (Chapter 7) mapping to a molecular cladogram this anle@ige, a kind of “coela-
canth” of the Pottiaceae.
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LY LTS

Morphology

L)
)
T

Plate 5.2. — Effect size (difference between distances between population meateddiyi

standard deviation of populations) influences interpretatioiypothetical cladograms. All
splits have high Bayesian credibility, i.e., the order oitsjs sure.Morphological clado-

gram Six taxa are well documented with many samples (vertical ajr@stablishing
nonoverlapping distributions with large effect sizB&NA cladogram The molecular sam-
pling is sparse and effect size cannot be determined on theobasitecular sample distribu-
tions. See text for discussion.
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Cladistics — Darwin (1859: 420) presented his “de-analysis, chance survival of one of many molecular
scent with modification” concept of an evolutionarilystrains. Serial transformations are unmanageable in
based Natural System as both “arrangement ofadistic modeling, which relies on nesting. Phyloge-
groups,” or genealogy, and “amount of difference,heticists often switch in discussion (or do not distin-
or modification. To Darwin, differences are indicatedjuish) a shared ancestor being a trait-characterized
by formal taxonomic ranks. In a similar vein, Granhode or a diagnosed taxon. If the former, then the
(1985) and Mayr and Bock (2002) have pointed owincestor is different from any extant taxon at least by
that two modes of evolution have been long recogccumulation of molecular changes, if the latter, then
nized in the literature, namely anagenesis (phyletibe shared ancestor may be an ancestral taxon the
evolution or differential change) and cladogenesisame as an extant taxon.

(evolutionary divergence). What is critical is that Podani (2013) has discussed diachronic and syn-
cladistic phylogenetics does not investigate, modathronic trees at length, but remained convinced that a
or depict in classification anagenesis as macroevolaladogram basically reflects evolutionary history, in
tion (speciation and generation of higher taxa), othénat a “cladogram and the species tree are the back-
than presupposition of universal pseudoextinctiobone trees of the evolutionary tree,” a notion exten-
involving fast anagenesis of the ancestor after cladisively refuted in the present volume. He explained
tic divergence. Divergence in phylogenetics is limitethat a cladogram is comparable with the evolutionary
to patristic distance along nodes of Darwinian contree when all speciation events are budding. This is
mon descent as branching point phylogeny (Mayr &ot so if the branch order is confounded or masked
Bock 2002; Grant 2003; Stuessy 2009). Mayr aniby randomly generated synapomorphies on the part
Bock (2002) stated: “...in no way is it valid to claimof multiple daughter species of one core supergenera-
that Hennigian cladograms provide the foundation fdive species, or by multiple isolated molecular strains.
understanding the evolution of biological organisms Plate 8.1 in the present book demonstrates a re-
as these cladograms include only branching poinselved tree, and a direct caulistic evolutionary inter-
(cladogenesis) and not the amount of evolutionagretation for Plate 8.1 is given in Plate 8.2. There are
change (anagenesis).” They include both micro- arahly one potential true sister group in the moss genus
macroevolution in the term anagenesis. The hyp®idymodon (Pottiaceae) as presented in Plate 8.2.
thetical shared-ancestor is thus of unknown natur&jven the probability that a wide range of clado-
and is mostly a point-source place-holder for the angrams may have few sister groups (those that truly
Iytic process. That anagenesis is a fact for manyodeling pseudoextinction), systematics’ ship of
groups (but usually at supraspecific levels) has besnience is firmly self-anchored to a bottom-ground of
long demonstrated in the fossil record (e.g. Kucera ghylogenetic relationships and until it casts loose it
Malmgren 1998). will sail nowhere.

Cladistic nesting does not model any process in Because phylogenetics does not usually weight
nature but may be of help in inferring natural evoluexpressed traits, there is no phyletic dimension that
tionary processes. The phylogenetic system proposedy account for linkage of traits through fixation
by Hennig (1966), in contradistinction to that ofduring speciation as a unit by selection, i.e., the traits
Darwin, focuses solely on sister-group relationshipsire not statistically independent and uniquely distrib-
Basically, of any three taxa, two are clustered aged. Phylogenetics produces a hierarchical arrange-
more closely related to each other than to a third inmment of exemplars that does not model speciation
hierarchy of traits determined by analysis based oniravolving selection. There is no explicit naming of
simple model involving maximum shared similaritiesancestors, and thus no explicit ancestor-descendant
(e.g., nested hierarchies of exemplars sharing aedlationships produced in the phylogenetic analytic
vanced traits, where two shared traits are a strongmocess or its resultant classification.
indicator of shared ancestry than one shared trait). If Following Blomberg (1987), there are two ap-
a progenitor species, however, gives rise to two dproaches to historical criticism: evidentialism and
scendant species without itself changing or goingresuppositionalism. The evidentialist applies ac-
extinct, then that branching order cannot be modelegpted historical criteria to elucidate reliability. The
in a cladogram. Treated as sister groups, the desceresuppositionalist first assumes reliability of data
dant species would at best be cladistically modeled asd method, then tries to show that the data and
a multifurcation, yet such multifurcations are commethod generate a consistent whole, confirming the
monly resolved by, in morphology chance reversalsresuppositions. It is the consistent whole of the
or convergences of a few traits, or in moleculacladogram, being the internal simplicity of the pattern
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isolated from evolutionary theory, that has been sulraits because these do no help determine sister-group
stituted for efforts at understanding evolution. Theelationships. When a maximally parsimonious tree is
problem is global in that the evolutionary dimensiometermined, any additional morphological traits that
in systematics should allow biodiversity studies tare distant on the tree and are separately attributed to
describe and to some extent predict changes in nichegelated exemplars are termed “autapomorphic” and
and the taxa that fill them. This is not the case witlynored as not contributing to sister-group analysis.
phylogenetic systematics. Yet these same traits were selected as important in

Both phylogenetics and phenetics (Stuessy 1998yolution using the same a priori judgmental process
remove the taxic phyletic (evolutionary change) dias traits later proven phylogenetically informative.
mension from systematic analysis, in part because it A critique of optimality as a method of hypothesis
is “too difficult and subjective” (Stuessy 2009). Whaselection is given by Zander (1998), showing that the
is it about macroevolution that two major fields inempiric Bayesian statistical stance will not tolerate
systematics continue to avoid it these 250 years affghilosophical justifications of cladograms from mere
Darwin? In phylogenetic analysis, the morphologicadimplicity, maximal posterior probability, or “con-
data set is initially cleansed of evolutionarily uniquererging on the truth.”

A B

Cladistic (pseudoextinction) Caulistic (budding)
clade length = 3 steps clade length = 4 steps

Cladogramming macroevolution

Plate 5.3. —Maximum parsimony in cladistic and caulistic macroevolutfseudoextinc-
tion is important in cladistics because a shorter tree in masiparsimony is possible. In the
Cladistic (pseudoextinction) diagram, the branch shows t&xcimanging anagenetically into
taxon A, and B speciated separately. All taxa have plesiomorphtig tivhile A develops

trait y and B trait z, yielding three trait transformationgdranch length of 3. Taxon C is as-
sumed as a shared ancestor but is not named. In the Cahliskiting) diagram, taxon A
speciates taxon B but does not change anagenetically and dieglhostimains in stasis. All
taxa have plesiomorphic traits xy, but B has two trait chartigesformation to z and rever-
sal of y, yielding four trait transformations or a tdieanch length of 4 steps. If pseudoextinc-
tion cannot be inferred directly from non-phylogeneticallpinfative data, then a longer tree
is necessary to reflect a less complex process involving nocaghinamed taxa.
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Shared ancestors —Rieppel (2012) has discussedfor stasis first, because if it is there (and fits theory by
the background of sister-group analysis in a study biogeography, relative age of habitat, relatively gen-
the paleobiologist O. Abel's work. Abel found thateralized morphology, maybe even fossils), then pos-
when two groups each show some complex specialislating unknown, unnamed, and ad hoc shared taxa
zation, neither family can be derived from the othels not parsimonious. Deciding that pseudoextinction
but that “both must be derived from a hypotheticanust have been the evolutionary mechanism for
common ancestor that retained the primitive condéladogram splits because this allows sister-group
tion in both organ systems.” Many putative ancestrgleneration by maximum parsimony put the cart be-
forms were seen to be, then, sister groups on a pligre the horse. This is discussed elsewhere in this
logenetic tree. book more extensively.

Following such theory, phylogenetics commonly It has been commented that nature may not be
states that a shared ancestral node in a cladogram m@st parsimonious in evolution, but then the question
hypothesis. A hypothesis, however, has some dataist*Well, how much less parsimonious?” Exactly that
observations of some sort coupled with theory tamount needed to accommodate both pseudoextinc-
support it. A shared ancestor is there by cladistiion and budding evolution as shown in Plate 5.3.
definition, as in “There must be a shared ancestd?pdani (2013) argued that “budding manifests itself
since two of any three taxa two must be more closefis a lack of autapomorphy on the edge incident to the
related” which necessarily lead to a most parsimoniother species (zero-length edge), which has long
ous tree whether they evince Abelian specializatiorseen known in cladistics....” Yet Plate 5.3 demon-
or not. Related, in phylogenetics, means distance orstaates that the occasional zero-length branch sub-
cladogram. tending an OUT is only the tip of the iceberg since

Shared ancestral nodes on a cladogram are conany ancestral taxa are assigned a branch length
trivances, not hypotheses as is commonly asserteshyway during maximum parsimony analysis. Martin
Even William Hinks, developer of quinarianismet al. (2010) found that stem-based and node-based
(classifying organisms into five-member circles)irees carried the same information, but their analysis
presented his system as positing hypotheses tlsumed that an ancestor generated two different
could be researched (Coggon 2002: 27). Hypotheselsughter species and then disappeared. Thus, their
however, need to be supported by at least some fa¢tem-based” trees were like the cladistic tree of
Shared ancestral nodes are an integral part of tRéate 5.3.
cladistic method that allows all cladograms the poten- The problem addressed by Plate 5.3 is not limited
tial to be fully resolved. If an ancestral taxon has, sajg maximum parsimony analysis. The maximum like-
two daughter taxa, then one of those taxa will bghood method uses a substitution model to assess the
more closely “related” in a cladogram to the ancestrarobability of particular mutations. A tree requiring
taxon (as sister groups) by chance alone more mutations at interior nodes to explain the ob-

Plate 5.3 demonstrates that a decision based served phylogeny will be assessed as having a lower
non-phylogenetically informative data that a cladoprobability. Simplicity, again, is fundamental to the
gram split is due to budding evolution (ancestoranalysis. Bayesian analysis has much the same appeal
descendant transformation) results in a cladogratm simplicity in the face of more mutations clearly
longer than that assuming pseudoextinction (see alseeded to explain trees reflecting budding evolution.
Plate 8.1). The only way that one might postulate an The occurrence of polytomies (Korn & Reif 2003:
extinct shared ancestor (and thus pseudoextincti6®0) has much the same problem in interpretation,
leading to a maximally parsimonious interpretation ofvhere a “still extant progenitor species gives rise to
that cladogram node) is if there were data and assotixo or more derivative species, then it manifests it-
ated theory supporting such; for instance, a group eélf as a polytomy in the cladogram and one edge
specialized taxa in isolated recent environments thaith zero length” (Podani 2013: 323). Not necessar-
share some distinctive set of traits that might be asy, given chance trait matching or reversals.
cribed to a more generalized and widespread but now A phylogeneticist on the listserver Taxacom (ar-
extinct ancestral taxon. In molecular analysis, whicbhived for July 21, 2013) asserted that a traditional
one of potentially several molecular races survivaaxonomic “hunch” may be fully countered by de-
for each of three taxa determines the shared ancestwnstrable phylogenetic relationships. | retorted that
and branch order. “scientific hypotheses” can never be countered by

Cladists put their trust in anagenetic change thahaginary shared ancestors. The stochastic element
“disappears” the ancestor. One should, however, logienerating the shared ancestral node is provided by

—41-



A Framework for Post-Phylogenetic Systematics

the false idea that characters themselves evolve (@seudoextinction—generation of a daughter species
opposed to an organism evolving). Thus, any two @nd anagenetic change of the ancestor into a different
three taxa that share traits must have “evolvedpecies). (2) If a node were named as the same as a
through those traits away from the third. Circulaterminal taxon, then the axiom “Every clade is mo-
proof is that the cladogram shows “phylogenetic disiophyletic” would not be true because one cannot cut
tance.” (I recommend Taxacom for its intellectualljbetween the terminal taxon and the node and declare
delightful scientific exchanges among collegial taxall distal taxa are monophyletic. (3) Maximum par-
onomists in a warm and supportive environment.) simony analysis (Plate 5.3) and methods using
Why aren’t ancestral nodes named by cladistd@arkov chains would be far more uncertain, requir-
There are three reasons. (1) The ancestor cannot lg+ non-phylogenetically informative data to name
long to two clades at once, so a node is more a plasedes when possible.
holder for an assumed nearly universal process

A B A B

(3) (4)

Plate 5.4. —Relevant problems in cladistic diagrams. (1) Cladogram as rhglogwam, all
clades are monophyletic, but only if no nodes are named. (2nyarades makes inclusion
of these taxa (X, Y) in any one clade equivocal, and monoghyyclear, so nodes are not
named even when such inference is possible. (3) Cladogranrétéetjas an extant taxon A
giving rise to two daughter lineages, B and C. Monopts/siear but limited. (4) Evolution-
ary diagram of (3). Such a diagram would require an emptyf¢b# speciational process
were inferred as pseudoextinction as in Plate 8.2. The angleetsackrk areas of mono-
phyly on the cladogram; (1) shows phylogenetic monophydly(ahevolutionary monophyly,
while (1) inadvertently may mask evolutionary paraphyly.

Primitive versus plesiomorphic — The term ple- transformation of both taxa and their sets of traits. A
siomorphic is associated with cladistic nesting, meartaxon in a clade arising from the base of a cladogram
ing a set of traits of basalmost clades. It is a term haig- not necessarily primitive because it may be a
ing to do with nesting relationships of taxa based dmighly advanced (derived) survivor of a long, mostly
transformations of traits. Primitive alternativelyextinct series of evolutionary transformations. If,
means first, or among the first, and refers to linedrowever, there are other, similar taxa in other clades
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at the base of the cladogram, i.e., propinquous, thprovided by alpha taxonomy and classical systemat-
all those taxa might be considered primitive. Theics. Morphological results may be well supported,
probably branch from some similar set of ancestorfirough nesting and also through linkage with non-
Although the basal nodes may not be nameable at tii@aset information such as population analysis,
level of exemplars or terminal taxa, they are may kgrowth chamber study, habitat, biogeography, and
evolutionarily informative. When molecular heterocytology. In addition to homology analysis, the best
phyly is available, then the nodes may be exactlyaits for morphological cladistics should be those
named, but similarity of taxa in basal clades shoulihat are quasi-neutral, being (at least for similar taxa)
give a firm idea of the primitive traits at the base oftable across different habitats or at least not associ-
morphological cladograms. ated with specific habitats. Traits and trait combina-
tions deemed liable to selection by being found in

Comparing morphological and molecular analyses very different taxa occurring under the same selection
— A molecular apophyletic (descendant) taxon (Plategime, may be good identifiers of the taxon but not
6.2 2a), “B”, “C”, or “D”) may arise from a para- of relationships because they are clearly convergent.
phyletic taxon (Plate 6.2 2a) A implied by, “A1” and Conservative morphological traits are similar to
“A2") of the same or lower rank anywhere as ahe DNA bases used in molecular systematics to track
nested lineage (“apophyletic” in the sense of Carlgenetic continuity. One explanation for the demon-
1995 or as an “apospecies” sensu Olmstead 1995irated value of conservative morphological traits in
The apophyletic taxon will commonly share ade¢lassical taxonomy is that, during speciation, some
vanced traits of the direct progenitor taxon. Sinceaits of the progenitor can tag along with new adap-
molecular apophyletic taxa are apparently commaive traits into the new species because these ances-
(see below), then the best emphasis in a morphologial traits are either valuable generally, or neutral, or
cal data set is on central tendencies. The usual modet fatally burdensome. Conservative traits are ex-
of morphological parsimony is gradualist evolutiompressed across different habitats in different species,
with pseudoextinction of the ancestor (Rieppel 20113nd can be identified readily. Cladistic analyses
but this is only one of several possible evolutionargommonly weight all traits equally, but this allows
scenarios (Horandl 2007). This in spite of such declaariable traits to compete equally with conservative
rations as “Groups of species are specifically exraits in determining branch order. Also, conservative
cluded from being ancestral to other groups of spand variable traits may not be the same in different
cies or to single species. The biological rationale fgrortions of a cladogram. These reasons are probably
this distinction is clear; there is an array of processegy morphological cladograms have low non-
termed speciation that allow for one species to giygarametric bootstrap support values and are poorly
rise to another (or two species to give rise to a speciesolved, in that equal-weighted labile traits over-
of hybrid origin), but there are no known processeshelm truly conservative traits that track evolution.
that allow for a genus or a family to give rise to otheorphological cladograms may best be evaluated in
taxa that contain two or more species (“genusatiotérms of the reliability expected from the classical
and “familization” are biologically unknown)” taxonomic descriptions they are based on, using su-
(Wiley et al. 1991: 3). It is held, on the other hand, bgeroptimization and coarse priors (see Chapter 8),
the present author that transformations of plesiomarather than on non-parametric bootstrap support val-
phic traits (representing the shared autapomorphieswds. Given that species exist for hundreds of thou-
the ancestor) of taxa may not be in some cases sands or millions of years (an average, rule-of-thumb
appropriate emphasis in a data set in which up to @ge of a species is five million years), stabilizing se-
percent of extant taxa may have surviving ancestdesction is quite constant for that particular combina-
(Aldous et al. 2011), and phenetic analysis throudion of adaptive traits, while quasi-neutral traits may
overall similarity might be more revealing of closebe fixed in any physiologically tolerable number.
ness of relationship. What morphological cladistics does is provide a rea-

Parsimony cladograms should be appropriatelgonable gross transformation series for a given group,
weighted (Goldstein et al. 2002: 175) to create resulssiggesting basal, terminal and intermediate groups.
best matching those detailed in classical systematidhe exact bootstrap support for clades is probably
This is because the best product of parsimony analgtificial in detail in that fixation of two traits being
sis is anatural keyor cladogram equivalent (see bedess probable than that of one trait is locally (on the
low) that best reflects the evolutionary weights omladogram) somewhat artificial, and only large scale
individual taxa and on individual traits previouslytransformation series are informational.
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Morphological traits can be used in aggregateain other, phylogenetically close taxa using non-data
however, for certain statistical operations. Using thget information is good way to weight traits, but be-
parametric bootstrap, Zander (2003a) demonstratedause this is not generalizable, differential weighting
that a morphologically based cladogram can be fahould be applied only in analysis of small groups of
more strongly nested than by chance alone. A cladiaxa. Two of the ways to discover that differential
gram (Plate 8.1) of real data (22 species with 2®eighting or other modification (such as removal of
characters scored) with low nonparametric bootstrapxa) of a morphological cladogram is needed is if (1)
support was examined with constraint trees to comon-phylogenetic information (e.g., geography, cy-
pare the total support for each of the three possittiglogy) indicate that taxa that are apparently derived
branch configurations of each node. The null hyare more basal on a clade than their apparent ances-
pothesis was that the number of steps (unweighteiys or ancestral morphotype, and (2) if the general-
summing the length of the optimal tree is 1/3 of thezed morphotype of two or more branches is immedi-
sum of the steps of all three alternatives at each noadgely quite different from the generalized morphotype
assuming random distribution of traits. The sum adf the next two or more branches contiguous on one
the number of steps in the most parsimonious cladolade. This is because one expects the nodes of clades
gram was 34, while the sum of alternative steps (dife be similar in morphotype to the nearest exemplars,
ference between 34 and total all steps) is 16. An exanten short of actual identification of the node as an
binomial calculation indicated that this ratio (34:16gxtant taxon.
or better would occur by chance alone less than one At this point, it should be noted that a morpho-
out of 1000 times. The confidence interval is thukbgical data set, or in fact any description of a taxon,
0.999+ that considerable phylogenetic signal is préacks the “look and feel” element that is commonly a
sent in the optimal tree (as alternative hypothesishestalt of traits that is difficult to measure or de-
Using minimum ratios for support at 0.95 probabilityscribe. This is why illustrations are so important in
3:0, 4:1, 5:2, 6:3, 7:4, 8:5, etc., it was found tlatrf identification, and why a morphological data set is
contiguous internodes were required for this (fairhactually a poor sample of important traits used in tax-
average) cladogram to demonstrate reliable (0.@Bomy.
probability) phylogenetic signal of shared ancestry, Superficially, a molecular data set may seem to
i.e., the phylogenetic resolution of the morphologicdtave more traits than morphological data sets, yet the
cladogram was four internodes. Of course, indepenfbrmer is commonly of only one or a few specimens
ence of traits is required, and if these were all consqrer taxon. A molecular data set of, say, 50 species,
vative traits that varied little in different habitdts each represented by one exemplar, and 1,000 phy-
the group independence might be assumed. logenetically significant DNA sites yields 50,000

This was compared (Zander 2003) to support vatiata points, apparently a robust data set. Yet a mor-
ues in molecular analysis. If different gene historieghological data set of 50 species each of 50 traits
were considered different characters (Doyle 1992hay involve examination of hundreds or even thou-
and they were randomly generated at each nodesands of specimens as alpha taxonomists build on the
single gene tree of average 0.95 support per noderk of others over 250 years of study. Even a single
would require six contiguous nodes for a reliableevision of 50 species with 50 traits and averaging 50
phylogenetic signal; if two gene trees agree, twspecimens (each representing a different population)
internodes are required; if three agree, one is rexamined for each taxon yields 125,000 data points.
quired. This is the case in a particular, unweighted half the traits were too conservative to be informa-
morphological cladogram with no input from supertive, i.e., resistant to adaptive selection at least within
optimization. Support measures in morphologicahe taxonomic group of interest, then there are 75,000
cladograms may be much increased beyond, say, faata points contributing to both infra- and intrataxon
internode resolution as above, with proper weightingelationships. Although alpha taxonomy is not exact
of conservative traits and identification of progenitorand makes use of informal heuristics, conservative
descendant series. If superoptimized (Plate 8.1),eapressed traits varying within a taxon directly track
cladogram collapsed to a caulistic summary (Plat@acroevolutionary changes, while molecular traits
8.2) has very high support. track genetic continuity and isolation events associ-

Identification of each habitat-neutral, conservativated with molecular strains. Thus, the two data sets
trait is of particular importance in creating morphomay be much the same size; they track, however,
logical cladograms and natural keys. Recognition thdifferent aspects of evolution.
certain taxa are more likely to be descendants of cer- A molecular data set, though generating clado-
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grams of high Bayesian credibility (i.e., high phy-quence region used. They examined in their own
logenetic valence), may not have the statistical powstudy 114 individual leeches, up to a maximum of 49
of what appears to be a smaller morphological datadividuals for one species, but considerably fewer
set. One can increase power of discrimination (Arofor 20 other species. With much molecular analysis
et al. 2008: 225) in several ways, among them (ihere is no or little population sampling (multiple
increasing the number of data, (2) decreasing reliabéxemplars of one taxon) and thus no statistical power,
ity (accept lower credibility scores), (3) use moree., the molecular cladograms cluster exemplars
precise and standardized measures, and (4) usevtiach may result in high Bayesian credibility for the
population with less variation. Molecular analysisexemplar tree but low statistical power to distinguish
uses numbers 1 and 3, while morphological analysisoperties of taxa on a tree by that data.
uses numbers 1 and 4 by massive examination of Viewing morphological parsimony analysis as
samples and focusing on conservative traits. Follovgimply generating a better natural key removes the
ing Aron et al. (2008: 226) a study with a small datproblems (Zander 1998) of whether the results may
set that manages to be statistically significant must e analyzed statistically (Cohen 1994; Wilkinson et
due to a largeeffect sizg(Cohen’s d), while a large al. 1999) or be accepted through a philosophical
study that is equally or more significant may have &implest solution” argument (Zander 1998). One
small effect size. The effect size is a measure of tmust deal with the fact that a phylogenetic morpho-
extent to which distributions do not overlap (Platdogical data set eliminates before analysis all sister-
5.2). Given that effect size is the difference betweagroup uninformative traits. Atomizing linked (taxo-
population means divided by population standardomically or in selection) traits in a data set (Burleigh
deviations, results of morphological study may have013) does not render them independent, but it is bet-
great statistical power, particularly as each “traitter hoped that the results are exactly those classical
represents consolidated observations of tens or huwwencepts on which the data set is based, simply better
dreds of exemplars exhibiting that conservative tratirganized in large scale. Another problem is that
in particular environmental contexts or selective recladograms are dichotomous while nature need not
gimes. Morphological species when they overlap atee; Hennig's (1966) principle of dichotomy govern-
stated to do so, and (informally) by how much. ing speciation (Rieppel 2011; Rosenberg 2003) is a
Shaw and Small (2005) demonstrated empiricallgervasive bias. Imposing a dichotomous structure on
that using only single molecular samples of each representation of evolution arbitrarily lowers in-
taxon can lead to different results in different studiegrmational content. It increases the entropy of in-
of the same taxa, at least in closely related grougermational uncertainty with an overburden of arbi-
Omland et al. (1999) emphasized the importance tfry structure. A natural key allows some degree of
dense taxon sampling below the species level, but dieversals in traits when required by polythetic taxon
not go beyond attribution of paraphyly to two orioleconcepts, which is entirely in the spirit of cladistic
species, while “dense” meant to them 2 to 4 samplegsted groups involving occasional trait reversals, but
per species commonly with each sample representiagnatural key may be multichotomous, or may even
a different subspecies. Price and Lanyon (2992) ekave to represent at times a single evolutionary
amined 25 total individuals of 8 species of oroperranch (see also natural keyDalymodonin Chapter
dola birds and asseverated that their study demadsy-..
strated the importance of including multiple exam-
ples of each taxon. DeSalle et al. (2005) discussed tRatural keys — Following is a fully detailed clado-
literature on the problem of too few samples pegram to subfamilies and tribes of the moss family
taxon in mitochondrial DNA barcoding, and sugPottiaceae of Zander (1993), some names updated:
gested that the numbers should reflect a sampling ©his may be used as a precursor to a multichotomous
all species to evaluate variation within the gene seatural key.
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Cladogram Equivalent of a Natural Key

—TIMMIELLOIDEAE (functional outgroup)

—Guide cells fewer, 2-ERYTHROPHYLLOPSOIDEAE

| —GERTRUDIELLOIDEAE

L Leaf base not sheathing; lamina unistratose
| —Leaves long-linear; ventral stereid band larger than

dorsal:CHIONOLOMOIDEAE
Leaf hydroid strand absent

—Axillary hairs completely hyaline; dorsal costal

| epidermis absenTRICHOSTOMOIDEAE

L Leaves shorter, 1.5-3.0 um; rows of cells on

ventral surface of costa fewer, 4—6; costal guide

cells fewer, 2—6; theca shorter, less than 1.5 um

— Tetracoscinodontieae

— Leaf keeled above; costa grooved ventrally:

Barbuloideae

—Costa flattened in section; leaf hydroid
strand present; theca longer, 1.5-3.5
pm; peristome teeth of 32 similar
rami: Bryoerythrophylleae

| Leaf margins recurved to revolute; costal

ventral cells elongate; rows of cells

across ventral surface of costa 2(—4)

—Stem central strand absent; ventral
costal epidermis absent; upper
laminal cells superficially flat or
weakly convexLeptodontieae

L Laminal papillae simple; seta nearly

absent to short, less than 1 cmin

length

L_Dorsal stereid band section round or
semicircular; peristome teeth absent:
Barbuleae

L{ Stem hyalodermis absent; perichaetial leaves

sheathing

—Leaves tubulose when dry; leaf margins
incurved or involute; upper laminal cell
walls ventrally bulging and dorsally nearly
flat: Hyophileae

L Stem sclerodermis not or little differentiated;

leaf base little differentiated in shape; seta

nearly absent to short, less than 1 cm in

length:POTTIOIDEAE

L—Stem short, less than 1 cm in length;
peristome of 32 similar rami; peristome
distinctly twisted:Pottieae

The natural key below (here limited by its dichoto€lude additional information to allow parallel traits in
mous structure) is based on the above cladogram, aidhotomous branching, eliminates or changes arti-
assumes that relative degree of nesting is approkacts of the analysis (e.g., peristome absent in Bar-
mately equivalent to relative advancement on a lirbuleae when it is mostly present), and makes changes
ear, macroevolutionary scale, as a first hypothesis iof taxonomic nomenclature following recent re-
macroevolution. (This will be modified in discussionsearch. A multichotomous natural key to a different
of self-nesting ladders, elsewhere.). The couplets igroup is given in Chapter 8.
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Natural Key Presented in Dichotomous Form

1. Upper lamina bistratose medially and the cetisvertically aligned (i.e. not directly over eacther) near the
costa but grading to vertically evenly stacked taisathe leaf margin, leaves broadly to linearlyckolate
.......................................................................................................... SubfamilffIMMIELLOIDEAE
1. Upper lamina unistratose or if bistratose thelfscsituated directly over one another throughout.
2. Upper laminal cells ventrally mammillose medialiut several rows of cells bulging on both sides
marginally, costal guide cells forming a thick-veal| multilayered cylinder..................vveeeeennns
......................................................................................... Subfay®@ERTRUDIELLOIDEAE
2. Upper laminal cells similarly bulging or not stughout leaf, guide cells either not multilayeredfso
then thin-walled.
3. Leaves lanceolate, margins plane to weakly wexdirapex acute, base sheathing, upper lamina
KOH red, stereid bands two, guide cells 4—6, rofwsetls across ventral surface of costa 10(—16)
.............................................................. SubfamilERYTHROPHYLLOPSOIDEAE
3. Not this combination of characters.
4. Leaves long-linear, margins plane, ventral #fedgand larger than the dorsal
............................................................... SubfamilZHIONOLOMOIDEAE
4. Leaves lanceolate to spathulate, ventral stdraidl absent or generally smaller than
the dorsal.
5. Sclerodermis commonly poorly differentiated, log@rmis commonly
present, leaves lanceolate, margins plane to weaglyved, upper laminal cells
KOH vyellow, costa lacking a differentiated dorsglidermis, clavate axillary
o] o] 0= To (U] F= T = T P
................................................ SubfamilyTRICHOSTOMOIDEAE
5. Not this combination of characters.
6. Stem sclerodermis commonly well differentiatedni cells of
central cylinder, which have abruptly larger lumeteaves usually
broadly lanceolate to narrowly elliptical, usuaijth two costal stereid
bands, leaf base commonly differentiated in shapd avate or
rectangular, upper laminal cells equally convexboth free surfaces,
clavate axillary propagula commonly present in sgerera .
............................................... ulBamily BARBULOIDEAE
7. Stem black, leaves long-triangular, capsule wih
circumstomal ring ......... Trib€etracoscinodontieae
7. Not this combination of characters.
8. Upper lamina usually KOH red, dorsal stereid
band usually reniform ...............cccooii
......................... TribeBryoerythrophylleae
8. Not this combination of characters.
9. Stem central strand absent. ..........
....................... Trib&eptodontieae
9. Stem central strand usually present, or if
absent then costa with one stereid band.
............................. TribBarbuleae
6. Stem sclerodermis commonly not or poorly diffégreted from cells
of central cylinder, which generally grade in siato the cortical cells,
leaves usually broadly ligulate to spathulate, ligusith one stereid
band in the costa, leaf base usually little difféieed in shape,
sometimes upper laminal cell free surfaces venmtralllging and
dorsally weakly convex, clavate axillary propagtdee Subfamily
POTTIOIDEAE
10. Upper laminal cells usually bulging ventrallydaweakly
convex dorsally .......ccccccevvvviinienennn. Tridgophileae
10. Upper laminal cells equally convex on both fseefaces
........................................................ TribePottieae
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Evolutionary lens — Many taxa may be reduced inThat is, powerful methods and elaborate theories
expressed character (e.g., size, complexity, range rafist do more than explain that which “gave you the
variation) relative to related taxa (as in mossegjea for the theory; but that the finished theory makes
Bateman 1996; Zander 1993). Such multi-charactspmething else come out right, in addition. In sum-
reductions may be parsimoniously misevaluated asary, the idea is to try to gival [his emphasis] of
shared traits in a morphological cladogram. Dollthe information to help others to judge the value of
evaluation may indicate correctly that morphologiyour contribution; not just the information that leads
cally reduced taxa are advanced. If there are redudedjudgment in one particular direction or the other.”
taxa, these may be deleted from the initial data set.Phylogenetics erects a massive edifice of statistical
cladogram restricted to only taxa with many traitanalysis, but the results are not used to develop a
may then serve as a foundation for reanalyzing tloausal theory of evolution for a group. Instead, be-
reduced taxa one at a time to see where they mightdduse the raw results are nested like a classification,
without confounding morphological “long-branchthey are viewed as a classification. Incongruent re-
attraction” in the tree of unreduced character-stagilts are thrown out or relegated. The analysis is not
transformations. complete.

Taxa that are not reduced, at least among the New theories in science seem like the new over-
mosses, are commonly found grouped geographiirowing the old, but they are actually (in most cases)
cally. Within a species, the most character-rich popa replacement for the old, and are a complete re-
lations of certain taxa with reduced forms occur iplacement. Common sense tells us that the Earth is
major mountain ranges, hyper-oceanic areas, austflat, and plane trigonometry suffices. More informa-
zones, and, perversely in some cases, the margingioh tells us the Earth is round and requires spherical
ranges. The mountain range phenomenon may bdrigonometry, yet plane trigonometry suffices locally
kind of biotype Massenerhebung effect (widening ofis an acceptable approximation. Yet more informa-
floristic zones on mountains surrounded by othdion tells us Einsteinian relativity needs to be ac-
ranges). This is also true for genera with speciemunted for, yet Newtonian physics suffices for re-
more character-rich than others. Thus, a geograplgional approximations. This falling back on approxi-
cally based evolutionary lens is available that reveatsation (Feynman et al. 2011: 2) is a welcome scien-
trait combinations difficult to evaluate in small formstific heuristic, and may be done because each new
or reduced congeneric taxa. These are not necessattigory encompasses the old. R. Feynman, in a filmed
primitive (first of a series) taxa, but are well characlecture at Cornell University, explained that a new
terized. This may be due to a kind of reverse Rdtleory is indeed guesswork, but has to completely
Queen effect. Instead of a taxon evolving rapidly ttfit” the place the old theory filled. His analogy is
keep up with rapid evolution of competing speciedike the combination of a safe—if five numbers are
taxa in deep stasis, particularly those that occur meeded to unlock it, a guess of three numbers will not
microenvironments, are strongly affected by stabilizdo. Yes, we must account for new phylogenetic as-
ing selection. pects of evolution, yet a new theory must account for

the results of classical taxonomy.

Hard science —Phylogenetic analyses may appear The unimaginable is not easily addressed in the
to differ from those of classical taxonomy in bettecontext of Popperian hypothetico-deductivism. It is
reflecting a “hard science” approach. Cladistics savesientific induction that opens theory to the unimag-
tree structure by forcing all relationships into evoluinable, like a spherical earth or modifications of
tionarily divergent sister-groups. Phylogenetics is oNewtonian physics or genuine transmutation of ele-
the face of it more rigorous in the Popperian senseents. A pluralistic approach to systematic investiga-
(Popper 1959: 71) in approaching an axiomatizetibn is not heterodox but is open-ended. “Hard” sci-
system of minimally sufficient and necessary logicatnce is actually the most malleable field of knowl-
terms, and it mathematically generates statisticalgdge.

manipulable masses of data (Avise 2000). The hard science aspect of phylogenetics is sim-

Feynman (1985: 311-312), pronounced “fainplistic in spite of non-trivial mathematics and statis-
man,” characterized “cargo cult science” as any sdics. Because nonparametric bootstrapping (Efron et
ence in which the form is perfect, and which “followal. 1996; Felsenstein 1985; Sanderson and Wo-
all the apparent precepts and forms of scientific ifjeiechowski 2000) is at base probabilistic and de-
vestigation, but they’re missing something essentigiends on independence of traits, extreme reduction-
..." because facts that are not reconciled are left oism (McShea 2005) promotes incorrectly treating
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traits as independently fixed in speciation. Traits thatases of budding evolution ca be incorrect, cladistics
are basically part of descriptions of evolutionarilynay provide far too many splits to model evolution
coherent organisms may be linked (fixed as an adags acombinationof pseudoextinction and budding
tive package during speciation, like the numbers inevolution. Many of the splits are randomly generated
combination lock required to open it) and as sucand provide only imaginary information for other
may be inappropriate for bootstrapping and othdields of biological science, like conservation. More
statistics as an indication of accuracy, short of replen this in Chapter 8. Phenetics is informative and
cation of the original classical taxonomic studyequires just as much conceptual analysis to render it
(Cohen 1994). Zander's (2004) demonstration of iato an evolutionary model as does cladistics.
probabilistic equivalence of bootstrap and credibility
measures using contrived simulated data sets aBdamples of morphological cladistics— A maxi-
exact binomial analysis may be useful for moleculanum parsimony cladogram of the Pottiaceae (Zander
analysis where sufficient independence of data al®93) was published for 76 genera and 75 morpho-
possibly justifiable, under a set of assumptions (e.dagical traits of this character-rich moss family. An
Cartwright et al. 2011). apparent reduction series affecting the sporophyte is
Feynman also (1985: 269) tells the story of calcypresent in many genera, with identical modification
lating the length of the Emperor's nose. Since tha species of many genera leading from a operculate
Emperor would not allow direct measurement, all thand peristomate cylindric capsule on an elongate seta
people were polled as to their guesses. Then the te- a simple, irregularly opening, non-peristomate
sults were averaged, and that average must be tilebe with almost absent seta, often associated with
length of the Emperor’'s nose because it is a standant;rease in spore size. Evolutionary theory equates
powerful statistical measure. Like phylogenetics, theuch reduction with differential r/K selection associ-
data were about something other than the processaied with precinctiveness or local dispersal (Carlquist
nature being studied, and the method was understob@66), or atelochory or nondispersal (Van der Pijl
much better than the natural process or the result. 1972), and data on habitat correlation supports this.
Taxa may be paraphyletic on a morphologicdDifferential weighting of traits was thus justified
cladogram, but only specimens are paraphyletic on(Aander 1993) and was used to force reduced sporo-
molecular cladogram where taxa must be inferrgghyte traits distally on the cladogram, done by in-
from very small taxic samples. One may note hemeasing character weights on non-sporophyte traits
that the mapping of taxa to molecular cladogramsntil the cladogram no longer changed when gener-
either through heterophyly on a single tree (see Elated.
ment 3) or between a morphological and molecular Zander (2006) used UPGMA (with Dice algo-
tree (see Element 4) results in a kind of reciprocakthm to emphasize similarity) cluster analysis to
illumination for the morphological tree. Ancestralevaluate distribution of unreduced twisted peristomes
traits in a morphological cladogram with caulisticallyin the Pottiaceae (generalist structures identifiable
mapped taxa from an evolutionary tree may be theith possible progenitor taxa), identifying taxonomi-
same at two or more contiguous nodes, i.e., theredally scattered groups with both unreduced and re-
no transformation between them. Therefore, an intuced sporophytes based in raw similarity. Given
mediate ingroup is available as functional outgrouprobable irreversibility after Dollo evaluation (see
for a series of morphological re-analyses of wellElement 6), reduction series should prove a valuable
segregated subsets, namely those taxa distal to thel in determining direction of evolution. Although
molecularly mapped progenitor taxon. control of trait expression through epigenetic factors
(Li 2013; Danchin et al. 2011; Riddihough & Zahn
Juggling concepts —It is easy to imagine that 2010; Turner 2002) may allow reversal of reduction,
cladistics is better than phenetics because rather trare must remember that the word “epigenetics” can
clustering by just similarity it uses maximum parsiexplain” any and all things difficult to deal with in
mony of trait transformations to nest taxa. Yet, aterms of standard genetic theory.
detailed above, because maximum parsimony in
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CHAPTER 6
Element 3 - Contributions of Molecular Systematics

Précis —The postulation of a caulistic macroevolutionary transfonaas an ancestor-
descendent relationship) through naming nodes on a clad@yosides an overarching sci-
entific theory that consiliates different classical, cladistic motecular studies of evolution-

ary relationships of the same taxonomic groups. Heteropgsaphyly or extended para-
phyly as phylogenetic “polyphyly”) on a molecular tree implieteap ancestral taxon identi-
fiable (formally nameable) at the lowest taxonomic level okeaimplar specimens of that
taxon. Apophyletic taxa (descendents) are those lineages that derthe cladogram from a
deep ancestral taxon. Self-nesting ladders make classificationeobatiis of molecular

cladograms problematic because molecular branch order may n@& santle as the order of
evolutionary transformations, particularly for cases of extorcinsampled extended para-
phyly; complex heterophyly involving two self-nesting ladsl can be mistaken for evolu-

tionary polyphyly.

Molecular systematic analysis establishes genefi@xon mapping through heterophyly — Analyses
continuity and order of isolation events of exemplaof molecular traits can be done as per standard prac-
molecular strains (but not necessarily speciatiotice (multiple methods including parsimony and
events), within bounds of its many assumptionBayesian analyses, ideally involving multiple se-
(Zander 2007a). Molecular analysis seldom ignoragiences, multiple samples of each taxon, and choice
morphology, although there are instances of taxa among a finite number of models). Curiously, parsi-
the literature described only as “DNA sequentia difmony is too simplistic while Bayesian analyses over-
fert” as reported by Bakalin (2011). Of course, mospecify the model. The resultant cladogram should be
lecular phylogenetic study is initially bounded byevaluated according to the methods of Zander
preselection of exemplars from a previously recod2007a) to combine and collapse to 95 per cent credi-
nized taxonomic group. Although much informatiorbility all branches, e.g., Plate 7.3. If the cladogram
on evolution may be obtained from molecular analysne examines has been created and published by oth-
sis, evolutionary monophyly is not included. This i®rs, the names of exemplars or the taxa they represent
because the nesting basis of cladistic analysis dagsould be replaced when necessary with older classi-
not identify shared ancestors, and an evolutionapal nhames unless new phylogenetic taxa can actually
deep ancestral taxon does not have to begin genetad- supported in the context of possible multiple test
ing daughter species at the exact point that phylogeroblems (Zander 2007a). Wilkinson et al. (1999:
netics expects the unnamed shared ancestor to bes@7) point out that “ambiguity in defining variables
the monophyletic group. Also, modeled trait changesan give a theory an unfortunate resistance to empiri-
are of microevolution. cal falsification,” in this case, classical names are
Preselection of molecular exemplars (specimensformation carriers while phylogenetic names if
sampled) ensures a general match of clustering hesed in the enforcement of holophyly are artificial
cause the preselection is from a highly predictivand logically circular. The best molecular cladogram
classical classification. The reverse, preselectida then subjected ttaxon mapping(Zander 2010a)
from a molecular classification, cannot be tested besing classical names to identify possible deep ances-
cause there is no stand-alone molecular classificatidral taxa as branch nodes bracketed on the cladogram
This is because there is not yet an established causgltheir heterophyletic (paraphyletic or phylogeneti-
basis of predictive value that applies to molecularally polyphyletic) surviving exemplars, e.g., Plate
analysis alone. Any apparent predictive value is frof.2. Of course, in the absence of named taxa at the
extrapolation from known cases, similar to regregproper rank, any group of morphologically similar
sion. Macroevolution through budding evolution otaxa on a molecular tree imply an ancestor of that
by pseudoextinction (masked by assumption of ungroup having much the same morphological traits.
versal “shared ancestry”) has the potential for exFaxon mapping, however, goes beyond the common
plaining a causal basis but extinction or non-samplingractice of mapping morphological traits on a mo-
of molecularly heterophyletic lineages is a majolecular tree, and attempts to assign a taxon name to
problem. When heterophyletic lineages are availableladogram nodes, when possible.
however, evolutionary information is inferable. In any cladogram, the node or nodes subtending
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the exemplars can be named as that taxon that Hegde et al. (2006): “Homoploid hybrid derivatives
cludes all exemplars. Simplistically, several exemare direct descendents of first- or early-generation
plars of one taxon, say, of one species or genus, dngbrids without subsequent introgression, have
derived from an ancestral taxon of the same nam&rong reproductive isolating barriers relative to both
Taxon mapping narrows this through recognition off their parents, and generally establish in novel habi-
molecular paraphyly or extended paraphyly (phytats, rarely causing extinction of parents....” Budding
logenetic polyphyly) as an indicator of a deep ancesvolution is apparently common and does not involve
tral taxon. Even if a taxon does not exist that is of extinction of the ancestral taxon (nor is budding evo-
rank that fits perfectly for a particular number ofution necessarily peripatric if genetic isolation is
fairly uniform exemplars, a generalized ancestatrong and fast).

might be inferred for a node or series of nodes. If

there is a break in a reasonable progression of genkimitations to taxon-mapping by heterophyly —
alized ancestors, either a major macroevolutionaifhe use of heterophyly to infer deep ancestors is nei-
event should be considered, or long-branch attractiaier mechanical nor sure. Every implied deep ances-
choice of a wrong outgroup or effective local (otral taxon must be subjected to the question “is this
functional) outgroup, or wrong weighting, or someaeasonable given what one might expect about serial
other bias may be the case. The branch order ofegolutionary transformations at the taxon level?” For
fairly uniform group may be best determined byexample, in plants, a diploid descendant is not ex-
studying that group alone, with better choice of apected from a polyploid ancestral taxon unless a real
outgroup than that presented by global cladisticase can be made for diploidization, supported by

analysis. probably nonreversible, unique morphological
changes and specializations in habitat or reproduc-
Peripatric and allopatric speciation — Foote tion. There are two major sources of possible wrong

(1996) has shown that the longer an ancestral specieferences from heterophyly.
survives, the more likely two or more descendant (1) The taxa that are heterophyletic must be sup-
species will emerge from it by budding evolutionported as member of the same taxon by a coarse prior
usually attributed to peripatric speciation (Mayrqg.v.) of 0.95 or greater (i.e., sure enough to act on).
1954). Mayr (1982) wrote, “The fundamental fact oMany taxa are equivocal in taxonomic position, or
which my theory was based is the empirical fact thaimply wrongly placed. (2) Parallelism of descen-
when in a super-species or species group there iglants (e.g., the same species generated twice by an
highly divergent population or taxon, it is invariablyancestor) can falsely make an inferred ancestral taxon
found in a peripherally isolated location.” He apparef a descendant taxon. (3) Apparently well-supported
ently treated peripatric speciation in the allopatriconclusions based on heterophyly may be compro-
sense. Given that five million years is rule-of-thumimised by unsampled or extinct extended paraphyly.
age for a species, and many survive 40 million yeargl) If conclusions are based on internal branches, and
with some remaining in apparent stasis in the hutwo branch support values must be true at once for a
dreds of millions of years, supergenerative speciesnclusion, one should remember that the two 0.95
may be or have been common at any one time. Apesterior probability support values must be multi-
cording to Batten et al. (2008), “Only forms of balplied, and we get 0.90 or a 9 in 10 chance that both
ancing and stabilizing selection have been demoare correct at once, and for conclusions involving
strated in nature...” and that there is evidence thtitree 0.95 support values, multiplication yields about
“ecological adaptation occurs only in a minority 0f0.85 or 8.5 out of 10 chance all are correct. Only
speciation events” but their paper emphasized selfthen working with 0.99 posterior probabilities may
organization not habitat-dependent functional transtp to four clades be used to make acceptable conclu-
formation. See also Solé and Manrubia (1996). Givesions. (Note that throughout this book this last caveat
evidence from superoptimization (Plate 8.1), there is largely ignored for demonstration purposes.)
at least abundant correlation of species form and
habitat or range that seems explainable by classidatcuracy and precision— We can define accuracy
ecological adaptation rather than “self-organizationih the present (non-fossil) context as discovery of
and “edge of chaos” evolvability. congruence between classical taxonomy and clado-
Although hybridization can contribute to extinc-grams from different data sets including morphologi-
tions through genetic swamping or depression Ibgal. Precision can be defined similarly as clear-cut,
derivatives (Newman & Pilson 1997), according toneasurable, well-supported differences between
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nested groups in a cladogram. Molecular cladogramssentation of exemplar nesting. If the morphological
are presently considered precise because of higata are not thrown out, there commonly can be
bootstrap and Bayesian support, and also accuratddfind some data leading to some corroboration for
they agree with morphological cladograms, whichthe molecular tree, by browsing for morphological
because of commonly low bootstrap support, are cotraits that happen to match in synapomorphy the mo-
sidered much less precise. It is a kind of circular regecular cladogram; corroboration is declared, then, as
soning (Walton 1989) that if molecular analyse$ound. This is a multiple test (or multiple compari-
commonly support morphological analyses in gersons) problem in statistics, discussed elsewhere in
eral, then any additional details supported by molecthis book. Also, ignoring data is not in the Bayesian
lar data but not the morphological must also be cotradition, and an empiric Bayesian analysis (using the
rect and all contradiction must be decided in favor oEsults from the Bayes’ Formula as prior for another
molecular results because there is more data. Yiastance with new data) will necessarily lower the
even congruence between morphological and meupport measures for molecular analysis, which can-
lecular cladograms may be suspect (see self-nestingt be both precise and accurate if there is contrary
ladders, below). evidence from other data.

Circular reasoning can never be completely elimi- An analogy is commonly helpful in revealing
nated from any scientific endeavor (the syllogism iproblems with confusing, complex processes. The
well known to be far too idealistic for actual logicaleconomy of a nation is, vis-a-vis evolution, similarly
converse), but it can be minimized. Facts, as welbomplex and difficult to grasp. Let's say a new tech-
documented observations, always include some elgique is invented that uses discarded supermarket
ment of interpretation, trimming of apparent extranezash-register receipts to analyze the nation’s econ-
ous information, and some tacked on theory. Theomy. Statistically analyzing a thousand receipts a
ries, incorporating facts, are then to some extent cimonth in exemplar cities provides a phenomenal data
cular. This is why total evidence analysis is valuablset with robust results. Analyzing a million a month
because if all facts are explainable by a theory, thenwith more exemplars gives even more precise results.
is less likely to be affected by circularity than if oniyWWhen the question arises as to the exact place of gro-
some, most relevant or critical facts are explainableery items in analyses of the economy, the answer
This assumes that tendentious elements contributingght be given that groceries are certainly an impor-
to circularity of facts are somewhat different for eackant dimension of the economy, the results match
fact. many other indexes of economic health, and when

Graur and Martin (2004) detail how the accuracthey do not, the grocery data are far greater than data
of molecular clock estimates for divergence eventsn, say oil, grain, employment, services, automobiles,
have been severely compromised by other resear@mnd housing, given that each can of beans is weighted
ers by “improper methodology on the basis of a sirthe same as a manicure, a barrel of oil, a Buick, or a
gle calibration point that has been unjustly denudatew split-level ranch-style abode. If pressed, adher-
of error.” Statistical estimates were converted intents of the new method can simply redefine the econ-
errorless numbers in many studies that grossly mismy as supermarket activity.
represented divergence times of ancient groups. Simi-
larly, as argued in the present book, any phylogenegelf-nesting ladders —The most problematic dif-
cally informative data are rendered uncertain to varyerence between morphological and molecular cladis-
ing extents by non-phylogenetically informative dataics is that morphological cladistics generally clusters
stripped from the data set although relevant to maevolutionarily similar taxa together. Thus, nodes of a
roevolutionary transformations. A certain sophisticacladogram commonly integrate the traits of taxa
tion in mathematical and statistical methods is necesithin a few nodes of each other, and the cluster is
sary to interpret papers using multiple, advancecbmmonly clearly comparable to that implied by
methods, such as the impressive work of Ding et allassical taxonomic classifications. In molecular sys-
(2006), which are fundamentally based on moleculématics, on the other hand, morphological traits may
cladograms. be static over geologic time, yet DNA traits continue

If there is incongruence between molecular anchutating. With each speciation event in which the
morphological cladograms (or classifications), theancestral taxon survives, i.e., resulting in a series of
the morphological data are commonly ignored bgupposed sister-groups with one branch the ancestor,
phylogeneticists as homoplasy or congruence, ortlae ancestral taxon is molecularly farther and farther
like presumption (as in no evidence) of gross misregway from its nearest neighbors on the morphological
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cladogram. This is a “self-nesting ladder” of increaszritical synapomorphic traits may lower a daughter
ing molecular phylogenetic differentiation, wheretaxon branch one node in the clade. Two modifica-
primitive (taxa at the base of an evolutionary seions may lower a daughter branch by two nodes.
guence) push themselves into an advanced positionTihis is particularly problematic when traits are binary
a nested molecular diagram. Self-nesting ladders mbagtween “special modification” and “not modified,”
be of any length, and the more egregious in molecuich lets a generalist ancestor rise higher in a clade.
lar cladograms are easily identifiable (see discussidhidentical self-nesting ladders occur in the same
of the mossErythrophyllopsisbelow). In that a self- taxa in both morphological and molecular trees, then
nesting ladder when present always resolves evolite trees will seem congruent (because of lurking
tionary relationships backwards on a molecular tregariables, as defined by LeBlanc 2004: 303) but both
mapping morphological character traits on such ae of wrong branch order and false nesting (Plate
lineage results in backwards inferences. Such reveds-1).
sals or incongruities between morphological and mo- A self-nesting ladder reflects the self-nesting in-
lecular results are commonly attributed to homopladgprmation in the exemplars (specimens) sampled.
and convergence, but an examination of the actuBhere may well be extinct or unsampled extended
taxa involved in the nesting can often reveal a clegaraphyly that makes the ladder false at the taxon
case of self-nestingimple heterophylinvolves one level. Self-nesting ladders may be checked with other
clade with one self-nesting laddeymplex hetero- information, from such fields as biogeography. A
phylyinvolves two clades generated by one ancestrabssible heuristic that may distinguish evolutionary
taxon and two self-nesting ladders. branch order for two closely related taxa is that for
Molecular cladograms are not alone in exhibitingvide-ranging taxa, a taxon found on two continents
self-nesting ladders. There were many reversals &mould be older than one found on one continent, and
traits in Zander's (1993) maximum parsimony cladothe latter is probably the descendant. This assumes a
gram of Pottiaceae morphology. These involvedistinctive range on each continent, no evidence for
length of stem; stem sclerodermis and hyaloderméonfounding long-distance or human-mediated dis-
presence; leaf stance when dry or wet; leaf shape gmefsal, and the apparent ability to migrate by short
length; conformance of leaf ventral surface and costsileps to other suitable habitats but no evidence for
groove; leaf base shape; number of rows of cellsaving done so. For narrowly distributed taxa, it is
across ventral surface of costa; transverse sectidifficult to distinguish relatively recent local taxa
shape of dorsal stereid band; dorsal costal epidernfiem ancient taxa of reduced range. Cross-tree heter-
presence; costal hydroid strand presence; width ophyly may help in this latter case, see discussion of
medial upper laminal cells; superficial wall width ofthe Andean moss geni&sythrophyllopsiselsewhere
upper laminal cells; sexual condition; perichaetiah this book, which almost surely represents a deep
leaf shape; seta twisted or not; theca length; annulascestor for many molecular clades.
type; peristome type; length of calyptra; and spore In molecular cladograms including one progenitor
diameter. Each is a potential source of reversal ahd two or more daughter species, there is always a
branch order on a morphological cladogram, ansklf-nesting molecular ladder for that gene tree. One
should be examined with superoptimization. can recognize a self-nesting ladder when, say, three
In all cladograms the order of nesting may not berminal taxa given as ((A, B) C) in a cladogram can
the same as the order of macroevolutionary transfdse easily interpreted as B and C being derived from
mation. Received phylogenetic wisdom is that aA though other data. An example for morphology is
extant ancestral taxon will produce a multifurcatiotthe mossTortula, a wide-ranging variable generalist
with its daughter taxa in a morphological cladograngenus, promoted higher in same clade of a morpho-
If there are, however, reversals or other modificatiorlegical cladogram (Zander 1995) than obviously de-
of the synapomorphies in the daughter taxa unitimived, specialized taxétegonia, Crossidiumand
progenitor and ancestors, then maximum parsimomterygoneurum.The lesson is that both molecular
will resolve such multifurcations with the progenitorand morphological cladograms are affected by phy-
as a terminal OTU. This is particularly the case wheogenetic self-nesting ladders and must be examined
the progenitor is a morphologically generalist taxom light of all information to reveal correct cladistic
and synapomorphies consisting of “not such and schanges in branch order and in evolutionary se-
become “such and so” as rare traits or even autappiences of taxic macroevolution. Stevens (2008)
morphies (although present elsewhere far away in tkaggested that “if hypotheses of phylogeny remain
cladogram, thus not unique). One modification of thetable, we can have a stable classification based on
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that phylogeny, and then get on with our work....'t.g., the terminal group ((A, B) C, as seen in Plate
This can be considered only if those stable hypoth&:2, may be simply modified such that if progenitor A
ses were not biased by self-nesting ladders, and wésesister with daughter B and daughter C is lower in
not otherwise inconsistent with analytic results ofhe cladogram, then the composite parenthetical for-
other data, which necessarily lowers Bayesian supila (A > B) > C), which gives the same informa-
port. tion asA > (B, C), that is, descendants not ordered,
Adapting the usual Newick formula for phyloge-but puts it in the context of the particular molecular
netic nesting to also show macroevolutionary seladogram by not losing information on phylogenetic
guences when known, the budding evolution formulaesting (however misleading) in that particular
for the basic terminal node on a cladogram with cawladogram. Plate 6.1 illustrates various views, evolu-
listic information isA > B, where the progenitor tionary, morphological cladistics, and molecular
(boldface) gives rise (angle bracket acting as an adadistics, of a progenitor with three daughter de-
row) to a daughter taxon or clade (lightface). Thesscendents ordered B, C, and D but for which nesting
are otherwise sister groups. When two or monmay or may not represent actual order of generation
daughter taxa are known the formula wouldde  of daughter taxa.
(B, C). If the order of generation is known, as may be When there are more than one descendant taxa
revealed in molecular cladograms exhibiting heterarising from a single progenitor taxon, a natural key,
Ehyly, the formula would b& > (B, °C) orA > (\C, such as might be developed from a morphological
B), where superscripts before the taxon name cfadogram, should not be restricted to dichotomous
symbol indicate the order. It should be clear, particlranching, which is an artificial imposition on evolu-
larly from Chapter 6, Figure 1, that the budding evaionary models. In Plate 6.1, mechanically generated
lution formula may be quite unlike the Newick for-cladograms involving taxa A, B, C, and D might be
mula for the same cladogram. The evolutionary fothe source of a dichotomous key that implies great
mula for a pseudoextinction eventis (B, C). evolutionary nesting of ancestral Taxon A to reflect a
The Newick formula of a molecular cladogramgself-nesting ladder:

ST oT=Tol = 4= 1 1 o] o G PP B
1. Without Specialization X .......ccccoiiiiit e e e e e e e e e e e e e e e e s s s eeees 2
2. SPECializatiOnN Y ..o — C
2. Without SPeCIaliZAtiON Y .......cueeiiiiiiiieet e e e e e e e e s e annes 3
3. SPECIAlIZALION Z. .. D
3. Without specialization Z............coouvvviiiicccccceeeeee, A

But with a trichotomous natural key, Taxon A can be correefiyesented as theoretically primitive (first in a
series), while B, C. and D are not ordered:

1. Without specialization, geNEraliSt............. e e eeeeeseeriieisienssinsssssessssseneneeeees A
1. With specialization, highly adapted..............cccceeeiiiiie e, 2
2. SPeCialization X ......ccoi oo i —— B
2. SPECIANIZALION Y oo —— C
2. SPECIANIZALION Z.. ..t a e aaaa D
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Macroevolutionary series

TEh

>

Time of speciation events

Morphological cladograms

B C A D
A D

Progenitor A with no reversals in descendants

Progenitor A with reversals in descendants

Molecular cladograms

(A extmct) D

C
Y ¢ *
™ // (mutations contmual)\A\//

AN

Progenitor A is proximally self-nesting

Progenitor A is distally self -nesting

Macroevolutionary formula for all diagrams

A > ('B, °C, D)

. — Self-nesting ladders of serial budding evolution demonstnatttdcontrived

clades terminal on a much larger cladogram (that is not given lgedals C and D form a
group not related to remainder of taxa). Note that in themtalecular cladograms, the ances-
tor A may be also entirely extinct or extinct both proximaind distally but survives as an
extant molecular lineage between C and B. Branch order may bg @asjpromised by ex-

tinction or poor sampling. See also Plate 10.1.

Distinguishing macroevolutionary transformation
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here. If one does not know the order in which a pratesting. In Plate 6.1, th@acroevolutionary series

genitor generates daughter taxa but remains in mandicates true order of local geographic speciation of
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daughter taxa B, C, and D from morphologicallymost distant. Given that patterns are not explanations,
static surviving progenitor A. This is what evolution-it is possible to explain the contradictory patterns by
ary analysis is supposed to recover. suggesting that orangutans survived as an isolated
In the morphological cladograms,the first is of molecular lineages in Asia, while a presently extinct
progenitor A with no reversals in descendants lineage of orangutans give rise to gorillas and
shows a multifurcation, which is the ideal representahimps, then humans. This matches the Plate 6.1 mo-
tion of a lack of nesting of the progenitor and threkecular cladogram of progenitor A proximally self-
daughter taxa. The second morphological cladogranesting. This explanation was given by Zander on the
of progenitor A with reversals in descendants Listserver Taxacom (October 14, 2012) and was re-
shows modifications occurring in some of the daugtcouched in cladistic terms by Curtis Clark (California
ter taxa in synapomorphic traits (dots) that wouléolytechnic State University, Pomona):
have held the multifurcation together. In this case the
daughter taxa are lowered in the clade, which occurs “... that orangutans are a grade, that was at one
randomly. Here the nesting order happens by chance time widespread, and that gave rise to chimps,
to be the transformation order, i.e., by chance alone a bonobos, mountain and lowland gorillas, and hu-
match is forced with the molecular cladogram below, mans, without itself being transformed by ana-
and afalse congruencén branch order results from  genesis. Those orangs that gave rise to humans

the matching self-nesting ladders.félse incongru- had previously given rise to chimps, and so there
ence though, is more probable between the molecu- would be expected to be strong molecular simi-
lar and morphological cladograms. larities between humans, chimps, and the extinct

The morphological cladogram may also (not orang subgroup that gave rise to them. But those
shown) have descendants as sister groups distal to theorangs still share morphological features with the
progenitor if by chance the traits changes in such de- SE Asian orangs, and those features were less
scendants by chance alone match. Reversals andchanged when humans speciated than when
matches are to be expected because morphologicalchimps, bonobos, or gorillas speciated. So the
traits are generated by only a few traits that in com- orang-human morphological similarities can ap-
bination may be adaptive to the environment, physi- pear to be symplesiomorphies relative to chimps,
ology and developmental constraints of that combina- bonobos, and gorillas, while at the same time be-
tion of traits that are conservative. Each species is ing evidence of close relationship” (C. Clark, Oc-
here conceived as a core of conservative traits and atober 14, 2012, see Taxacom Listserver archives,
not large number of labile traits that may be inte- http://taxacom.markmail.org).
grated with the conservative traits when fixed heuris-
tically as a small set in evolutionary adaptation. In Plate 6.1, thenacroevolutionary formula rep-

In the molecular cladogramsof Plate 6.1 the or- resenting the structure common to all analyses s
der of generation of the daughter taxa (as exempla(3B, °C, °D) where the superscripts show the order of
is shown, but in the first cladogram the progenitodaughter taxon (or exemplar) generation left to right.
taxon is distal on the cladogram along with the late3the molecular cladogram-specific equivalent ig\ (((
daughter taxon, D, as sister groups, because the traekb) > C) > B). The generalist formula would be
ing sequence continuously mutates (dots) but A @&mply A > (B, C, D), when order of generation of
morphologically static and are all molecular strainghe taxa (or exemplars) not known or inferable.
but the last are extinct. In the second cladogram, the It should be clear that all self-nesting ladders deal
progenitor has a surviving line basal to the daughteiith gaps in evidence for lineages that are implied by
taxa and the line giving rise to the daughter taxa rgesting patterns explainable by no other process but
presently extinct, thus the self-nesting ladder leavesacroevolutionary intermediate ancestral taxa in
the progenitor proximal on the cladogram. The secnorphological stasis. This is quite like the “ghost
ond cladogram may be relevant to the problem of tHmeages” discussed in paleontological literature (e.qg.
position of the orangutan in the hominid cladisticCantalapiedra et al. 2012), which are postulated for
tree. According to Grehan and Swartz (2009), basedtant organisms with very ancient fossil evidence
on morphological data, humans and orangutans aed a long gap between then and now. The coela-
sister groups, with chimps and gorillas less closelganth has a gap are of around 80 million years, and
related. This is contrary to well-documented molecuthe taxa filling this gap termed a ghost lineage (Cavin
lar results that chimps are the sister group of humars Forey 2007; Sidor & Hopson 1998).
with gorillas less closely related, and orangutans Because the ancestral taxon may generate two or
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more descendant lineages, a phylogenetic analysis@iftical to discussions of support for clades is the fact
changes in adaptational traits associated with buddittzat the joint probability of any set of hypotheses is
evolution, like that of Baum and Larson (1991), ishe product of their individual probabilities. The
confounded in that there are no adaptational or cochance that three fair coins will come up heads when
servative trait changes in the line of the ancestrtdssed individually is 0%or 0.125. The chance of
lineage, just between the ancestral lineage and ttheee dice, a tetrahedron, a cube, and a dodecahedron,
descendant taxa. Without analysis of noneach coming up with a single pip when tossed indi-
phylogenetically informative data, the problem is notidually is 0.25x 0.17x 0.08, or 0.0034. The chance
revealed. of three clades each supported at 0.95 probability
being all correct at once is 09%r 0.86. The chance
Stasis —That morphological stasis does happen isf six clades each supported at 0.99 being all correct
incontrovertible. There are many “living fossils,”at the same time is 0.9%r 0.94. Conclusions based
notably Triops cancriformis the 300-million-year on sets of hypotheses must always be judged under
survivor European tadpole shrimp. Both mutations ithis stricture.
cistegulatory sequences and in gene-associated tan-Whole cladograms are seldom provided with con-
dem repeats (Frondon & Gardner 2004) have beéidence intervals (here including posterior probabili-
associated with rapid evolution of phenotypic traitgies) that reflect their perceived chance of being cor-
The conservation of such gene-associated orthol@ct. In the literature, however, many cladograms are
gous tandem repeats across mammalian orders dsed in their entirety to model broad conclusions,
spite high mutation rates have been shown to be ie;g., many genera grouped into multiple families.
dicative of strong stabilizing (non-neutral) selectionThese cladograms are commonly viewed as “mostly
Thus, we have the theoretical potential of an abugerrect.” But what does “mostly correct” mean? The
dance of pre-adapted, pre-speciation phenotypic tralithomial confidence interval (BCI) is here advanced
that may persist in an ancestral, potentially supergeto- provide a measure of confidence in whole clado-
erative ancestor, and confound expectations of pseyrams that are used for broad conclusions. It provides
doextinction (elimination of ancestral taxon duringhe proportion of nodes (or internodes) with Bayesian
speciation). support measures that one can expect to be correct all
In morphological cladograms, daughter taxa magt once than total nodes being correct at odeén-
be in a multifurcation or situated below or above thing “correct” as joint probability of at least 0.99.
progenitor taxon in a clade. Progenitors and daughter Although the chance of all nodes in a cladogram
taxa must be distinguished as a transformationbking correct is simply the product of the Bayesian
group of very similar taxa, then a theory of that trangosterior probabilities of each of them, one must use
formation must be advanced that is better, preferabdybinomial calculator to deal with combinations when
much better than any alternative theory. If one caass than all are considered. Using a binomial calcu-
find a generalist, wide-ranging taxon with very simifator (e.g., Stat Trek 2012), simply enter the average
lar taxa that are specialist in habitat and anatomgosterior probability of the nodes, enter the number
found in recent local habitats, one has a fairly gooof nodes as number of trials, and increase the number
theory. See also Plate 8.1. of successes until the cumulative probability for all
Given arguments about self-nesting ladders inodess equal to or greater than 0.99.
molecular cladograms, one might expect daughter The minimum number of nodes each at 0.95
taxa to be sister to or below the progenitor taxomrobability in a 40-node cladogram to &epected to
Given that the basis for the analytic process proposed all correct at joint probability 0.9% at least 35,
here is that the true macroevolutionary historic struer 9/10 of the nodes. In other words, a minimum of
ture of the taxa involved is the same whether anany combination of 35 0.95 nodes in a 40-node
lyzed classically, or cladistically with morphology orcladogram will have a confidence interval of 0.95
molecular data, differences in results need explanprobability. In a 100-node cladogram all of 0.95-
tion. A single macroevolutionary transformation sesupported nodes, the fraction is approximately the
ries (usually branching as an evolutionary tree) occgame—a minimum of 9/10 cdre expected to be cor-
sionally with breaks due to pseudoextinction is thakct at a joint probability of 0.9950 we might expect
explanation no matter how difficult it is to obtainany cladogram with all 0.95 nodes to be at least 0.90
from biased cladograms. totally correct, giving a binomial confidence interval
of 0.90 for the whole cladogram. Likewise, the bino-
Binomial confidence interval for multiple nodes—  mial confidence interval for a cladogram of all 0.99-
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supported nodes is about 19/20 or 0.95 for both 40:95, are combined into one implied reliable inter-
node and 100-node cladograms. node using a formula that determines the chance that
Thus, for cladograms with nodes variously supat least one internode among two or more is correct,
ported at any combination of 0.95 to 0.99 nodes, thwy calculating an implied reliable credible interval
number of nodes that may be expected to be corr¢tiRCl). The formula for the IRCI is simply one minus
at 0.99 is between 18 and 19 out of 20. This is thihe product of the chances of each of all concatenated
extent of “mostly correct,” which seems robustarrangements being wrong (where the chance of be-
Translated into probabilities, however, the full cladoing wrong is one minus their Bayesian posterior
grams are between 0.90 and 0.95 correct. Therefopgpbability). See also discussion of the formula for
for most cladograms that are published and used fonplied reliable internodes by Zander (2007). A
broad conclusions, the confidence in those cladaladogram with all nodes reduced to those at 0.95 or
grams, each considered as a whole, seldom reaclésve is more easily comprehended.
0.95, a standard for confidence in statistics. Whole cladograms, even those with nodes sup-
The exact binomial confidence interval for gported at 0.95 and 0.99 posterior probabilities, are to
cladogram with nodes of many different support vakome extent only optimal, or “best hypotheses.” This
ues is calculable from an average of the Bayesidmings up the old argument that optimality (simplic-
posterior probabilities for all nodes in the cladogramty, maximum parsimony, maximum posterior prob-
The average support for the 28-node moleculability) alone is sufficient for most scientific pur-
cladogram (each node of 0.95 or better support) pbses. Such philosophical justifications for optimal or
the Pottiaceae presented in Zander (2007) based shortest trees such as “simplicity,” “converging on
that of Werner et al. (2004) is 0.988 probability, anthe truth,” “most parsimonious,” or “least falsified”
binomial analysis yields a BCI of 26/28, or 0.93 foms a single criterion of satisfactory results in phy-
the full cladogram. In a molecular cladogram of 64ogenetic analysis have been replaced with various
nodes (La Farge et al. (2002) used to separate groumpsthods of gauging statistical support (with reference
of genera of mosses belonging to different familiesp the Central Limit Theorem, which basically comes
the average Bayesian posterior probability was 0.F6om physics) for trees or branches.
(multifurcations were ignored, unsupported nodes In addition, as noted above, resolution alone is in-
were assigned 0.33 probability); the BCI for thesufficient to demonstrate reliability because random
whole cladogram (that minimum percentage of nodekata usually produce resolved trees, and length of
we can expect to be correct) is 40/63, or 0.64. Thimanches alone is insufficient because (1) large ran-
may seem a low value, yet those clusters that matdbm data sets generate long branches, and agreement
the groupings of classical taxonomy gain corroboralone between two cladograms is insufficient because
tion for those groupings. When classical taxonomi§ one or both arrangements are at less than 0.50
conflicts, on the other hand, then the cladogram caprobability, then, by Bayes' Formula, the BPP must
not support broad conclusions that involve those cobe reduced, not increased, and (2) disagreement or
flicts. Of course, the BCI can be also be used for amgreement of cladograms is rendered problematic by
multitaxon clade of interest in a cladogram. self-nesting ladders and extinct or unsampled ex-
This discussion does not assume that no major tended paraphyly (see Chapter 7).
arrangements of any high support values will occur Phylogenetists' use of Occam’s Razor (Posada &
as second-best alternative to the optimal cladograBuckley 2004) continues to be abused, however, in
It deals only with the implications of sequentiathat the difficulty of evaluating the relative impor-
Bayesian probabilities as support values. tance of suboptimal solutions has been slid across to
It is possible to collapse any cladogram with sumptimal sequence alignment and model selection, and
port measures on the nodes that are lower than 0&Bply assuming that all the other many assumptions
posterior probability (or equivalent) into smallerassociated with methods of phylogenetic reconstruc-
cladograms with nodes of only 0.95 or higher proktion are correct or correct enough. An expectation of
ability (Zander 2007). Two or more contiguoussuccess in post hoc testing is the psychological justi-
branch arrangements can be combined into one ndition of the otherwise illogical idea of preferring
(or internode) using a simple probabilistic calculasimplicity. A corollary to Occam’'s Razor pertaining
tion: the chance that at least one of two or momespecially to historical reconstruction is that explana-
events will happen is one minus the product of thiions must remain multiple when no one of them is
chance they will not happen. Chained internodeprobabilistically adequate (Zander 1998).
each internode with posterior probabilities lower than
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Problems in molecular analysis — Molecular By reasoned, | mean that although molecular analysis
analysis successfully nests sets of specimens by thigirstrongly based on good molecular data and power-
present (synchronic) phylogenetic relationships bdtil statistical techniques, the application of such
the reverse, the revelation of past (diachronic) evoltechniques in inferring ancestor-descendant relation-
tionary relationships, is not modeled in cladisticships is rudimentary, being restricted to assumption
(Zander 2008b). A set of nested parentheses constf-universal pseudoextinction in clustering (cladifica-
tute the essential cladogram, and “tree” lines connec¢ivn) of exemplar specimens and their associated
ing the nested exemplar specimens are actually liti@xonomic names, something of a Barmecides feast.
more than visual aides (Plate 6.2). That molecul®ne can interpret (Zander 2008b), however, molecu-
systematics matches to a significant extent past mdar heterophyly (paraphyly and phylogenetic poly-
phological study and evolutionary classification is thehyly) as an indicator of progenitor-descendant dia-
surprise, not the reverse, given the lack of reasonelronic (caulistic) evolution and infer an evolution-
diachronic inference in phylogenetics, the prevalenaey tree, i.e., a “Besseyan cactus” (Bessey 1915) or
of paraphyly, and of self-nesting ladders (Chapter 7¢ommagram.
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(1) Molecular cladogram with Newick formula

((A,/B)CXD,E)FG (((A,/B)CXD,E)FG

N
~—

\/___/

—_—
K

(((A/B)C)(D, E)FG

(2) Evolutionary tree and macroevolutionary formula

(((A;>B)>C) (D<A,))FG
/ / N

(a) same-tree
heterophyly

((((A,>B)>C)>(D<E)) A,) F,G

/ / N

(b) cross-tree
heterophyly

position in
morphological
cladogram

Plate 6.2. — Contrived comparison of phylogenetic and evolutionary tredg@amulae. (1)
Molecular cladogram as represented by Newick Formula, showatgtlte dendrogram is
largely a visual aid to seeing (parenthetical) nesting of thee taxhe phylogenetic formula,
“E” is a new phylogenetic species molecularly distinguishabledeumtical in expressed traits
to “A”. (2) Newick Formula here modified to reflect sequentiallistia evolutionary rela-
tionships, showing evolutionary trees and macroevolutiof@amulae without modification
of tree into Bessyan cactus: (2a) Same-tree heterophyly basagomnA occurring in non-
contiguous parts of a molecular tree, i.e., non-monophytejcesented by A and E (recog-
nized as A2) in molecular cladogram. (2b) Cross-tree heteroplggme taxon A occurring
basally in a morphological cladogram but added to the molecaldogidam (as A2); this is a
different cladogram from 2a and here E is not A, but uifft species. Basally broken lines
indicate progenitor-descendant pairs determined through a sepapstptimization; the
black dot indicates an inferred molecular isolation event withbange in expressed traits in
one branch; bold-faced letters indicate surviving ancestral lineageslecular strains; thin
line shows position of a taxon on a morphological clagiogof same taxa; simple split (e.g.,
involving F) indicates either possible pseudoextinction egerjuivocal support for ances-
tor-descendant distinctions. In all evolutionary trees, thésmajor surviving ancestral taxon
for most other taxa. G is outgroup or the remainder ob&ed cladogram. When heterophyly
occurs, then branch order of exemplars is informative efafile deep ancestors, but when
heterophyly is not apparent (as when either A1 or A2 iseixtir unsampled, then branch or-
der of taxa is uncertain.
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Exemplars, particularly the usual single exempla®mland (2003) found actual species-level paraphyly
per taxon, in a molecular analysis (the specimems polyphyly in 23% of more than 2000 species sam-
used as OTUs) represent species and higher tayded. Aldous et al. (2011) estimated, using simula-
nomic groups only with uncertainty because, amonigpns, that more than half of extant species have ex-
other reasons (Syring et al, 2007; Ramdhani et ahnt ancestral taxa. “Sister-group” is doubtless often a
2009: 2011), (1) DNA mutates gradually while mormisnomer because many nodes on a molecular clado-
phology of the same taxon may stay in stasis througinam clearly may be inferred as mother-daughter
stabilizing selection, and (2) the larger group suppogroups. Thus, “putative isolation events of molecular
edly represented may have been phylogeneticakyrains” might be a better term for nodes on a mo-
paraphyletic in the past (Cavalier-Smith 2010lecular cladogram.

Zander 2010a), but only one lineage survived, or, Given the apparent commonness of molecular
because insufficient sampling was done to determimaraphyly, then two nodes on a cladogram are com-
sequence variability in the taxon represented. Exemmonly of the same taxon. This being so, the funda-
plar specimens have more meaning when there arental analytic premise of cladistics—that two of

two or more samples of the same taxon on a molecany three taxa must be closer in relationship—is void.
lar cladogram in that paraphyly implies a mappeGiven the arguments in superoptimization (Chapter
taxon in a caulogram; but even then, extinct or otl8), this is also true, to a large extent but for different
erwise unsampled heterophyletic molecular straimgasons, in morphological cladistics.

are to be expected, which contributes uncertainties.  Theoretically, isolated lineages of a taxon (in my

Examination of the Werner et al. (2004) mosspinion, at any taxonomic rank, and see Barraclough
data set, graciously provided by Olaf Werner, show&010) may be in morphological stasis through stabi-
that Anoectangium aestivumand Gymnostomum lizing selection (Koonin 2009; Mallet 1995), habitat
viridulum differ by seven sites (2 first position, 2tracking (Eldredge 1989: 206), or simple “phyloge-
second, 3 third), but the two specimensSpfachno- netic inertia” (Griffiths 1996; Shanahan 2011) in the
bryum obtusum(the only species of which two absence of selection, though in the latter case drift
specimens were analyzed) differ by 21 sites (4 firshight be expected to operate in populations (Brandon
position, 7 second, 10 third). Although the rates df990; Griffiths 1996). This goes quite against the
change in sites, especially in the codon, surely diffegphylogenetic expectation that any isolated subgroup
it is doubtful, given the taxonomic specialization oiwill necessarily become a new species, probably
the analytic team, that the former two samples are nedoner than later through “reciprocal monophyly”
in the same genus, or the latter involve misidentificadnot a process but a term for a desideratum). In fact,
tions. Given that the word “exemplar” implies examthere is now software (Ence & Carstens 2011: 473)
ple representation of the molecular sequence chardlcat identifies, on the basis of sampled molecular data
teristic of other specimens in the species and genwugthin a species, which intraspecies molecular line-
one might expect in view of the (unusually?) largages “can be validated as distinct” in that they have
internal variation inSplachnobryum obtusuthat the the “potential to form new species before these line-
specimens studied are samples from a more heteemes acquire secondary characteristics such as repro-
geneous molecular assemblage at the species ledattive isolation or morphological differentiation that
than expected. What this means is that althougite commonly used to define species.” This is pre-
many exemplars of the same taxon, even a specisgmptuous.
all nest together on a molecular cladogram, they In this book | often cite supportive statements in
probably do not have the exact same DNA sequenaeorks of other fields than systematics—philosophy,
and are isolated different strains. If there are conevolution, physics, cosmology, and mathematics.
monly multiple strains, then this may explain manylert readers may wonder if | might be “cherry pick-
cases of molecular paraphyly and polyphyly. ing” particular statements out of context that happen

Species and higher taxa are not uncommonly hd&t support my contentions. It is, in fact, impossible to
erophyletic, that is, occurring in two or morenot run across, quite regularly, statements in other
branches isolated by at least one branch of a differdiglds that support a non-axiomatic, non-theoremic,
taxon of the same rank or higher. Reiseberg amdulti-methodological pluralistic science that aims to
Brouillet (1994) estimated that at least 50% of akxplain all relevant facts, not just as best possible
plant species are products of local geographic speuwiith Procrustean data sets, but with one explanation
ation and are therefore paraphyletic, while Funk anduch better than other explanations; an explanation
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that involves natural processes (e.g., macroevolutiomjade inefficient by redundancy (Littlejohn 1978:
rather than hierarchical classification-like descrip153). In addition, there is evidence for convergent
tions (e.g., phylogenetic trees). molecular adaptive evolution involving rapid evolu-
Given a certain admittedly tendentious sensitivitytjon of regulatory mechanisms in response to new
I commonly find apropos quotations concerning quitenvironmental and genetic situations (Amorés-Moya
technical aspects of a critical nature. For instancet al. 2010).
just the other day | opened a used copy of the Port- Breen et al. (2012) found that there is profound
able Darwin (Porter & Graham 1993) and there, higlselection on protein coding genes such that genes
lighted in fluorescent ink by a previous reader sprungetermining some proteins are dependent on other
forth the following comment by Darwin on pseudogenes (epistasis), and “amino acid substitutions that
extinction: were beneficial or neutral in one species should often
be deleterious in another, “ i.e., “...epistasis is perva-
“It must not, however, be supposed that groups afve throughout protein evolution: about 90 per cent
organic beings are always supplanted and disapfall amino-acid substitutions have a neutral or bene-
pear as soon as they have given birth to other afidial impact only in the genetic backgrounds in
more perfect groups. The latter, though victorioughich they occur, and must therefore be deleterious
over their predecessors, may not become better a different background of other species.” Robust
adapted for all places in the economy of natur@pistasis explains why “...the vast majority of amino-
Some old forms appear to have survived from iracid substitutions that occur in one species cannot
habiting protected sites, where they have not beeccur in another regardless of whether or not positive
exposed to very severe competition; and these afelection plays the dominant role in the course of
ten aid us in construction of our genealogies, bfgxation of amino-acid substitutions in specific ge-
giving us a fair idea of former and lost populanetic contexts.” This limitation on molecular evolu-
tions. But we must not fall into the error of look-tion is important in that analysis of DNA in phyloge-
ing at the existing members of any lowly-netics commonly includes both non-coding and cod-
organized group as perfect representatives of théig sequences.
ancient predecessors” (C. Darwin, Descent of There are many problems and assumptions asso-
Man, and Section in Relation to Sex, in Porter &iated with molecular analysis (Amorés-Moya et al.
Graham 1993: 332). 2010; Avise 1994; Doyle 1992; Hudson 1992; Lyons-
Weiler & Milinkovitch 1997; Maddison 1996; Mar-
Problems — Taxic stasis is associated with punctushall 1997; Mooi & Gill 2010; Pamilo & Nei 1988;
ated equilibrium, which may be valid for a large perTempleton 1986; Zander 2007a), including the effect
centage of taxa involved in an analysis (Gould 2002f unsampled extended paraphyly on branch order
606; Gould & Eldredge 1993; Stanley 1981). Guruintroduced here. Recently, Stegemann et al. (2012)
shidze et al. (2010), in addition, have reviewed evfound horizontal transfer of entire chloroplast ge-
dence for the persistence of ancestral molecular s@mes are possible between naturally grafted plants
guences through speciation events as extended ai-tobacco species, and they are hereditable. It was
complete lineage sorting. This last may, in fact, helpuggested that this is a possible reason for inconsis-
the identification of ancestral taxa. The amount dency between phylogenetic analyses of chloroplast
present-day paraphyly is a measure of present mand nuclear sequences.
phological stasis, and in a cladogram is also an indi- Molecular lineages at best represent (as nested pa-
cator of the degree of past levels of paraphyly for entheses) only the genetic continuity and isolation
particular group. It signals an inherent uncertainty ievents associated with the “exemplar’ specimens
recovering a molecular tree. studied (Zander 2007c, 2010a). Extension by deduc-
Molecular data, when analyzed with statistication or analogy of exemplar clustering to other
methods, is assumed in phylogenetics to be generasgicimens of the same taxa represented by the exem-
by Markovian processes, and only present-day infoplars or to higher taxa ignores the needed adequate
mation is therefore needed to reconstruct past gesampling to determine homogeneity of the molecular
histories. It has been shown by simulations, howevaraits through the law of large numbers, and ignores
that molecular data may to a significant extent bany process affecting homogeneity involving the cen-
non-Markovian (Cartwright et al. 2011). Markovtral limit theorem (as discussed by Aron et al. (2008).
processes are also ideal mathematical solutions, avidnderpoorten and Shaw (2010) have pointed out
in practice transmit information limited by noise andhat lack of molecular support for a morphologically
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distinguished taxon is only negative evidence. Cohemen can be assumed to be a sample of the taxon but
ence in the systematic sense requires recourse to the assumption that the molecular data, and resultant
intensive sampling of classical systematics, not phyptimized tree, applies to all or most specimens of
logenetic axioms (e.g., Farris et 2970). that taxon is nonsense in light of poor sampling of the
Examples of problematic axiomatic assumptiongaxon.
in phylogenetics in addition to those discussed by In using molecular barcoding (using one sequence
Brower (2000) are: exemplars represent their highafone to distinguish many taxa) to detect new or cryp-
categories, ancestral taxa do not survive speciatitio species, one may have a few molecular samples
events, analysis of changes in non-coding DNA airroborating (i.e., “not incompatible with”) morpho-
sufficient to classify evolutionary changes in exiogical differences (instead of supporting them) but
pressed traits, and ancestor-descendant relationships morphological differences have to stand alone.
cannot be added to sister-group relationships withotihat is, they have to be taxonomically (or evolution-
confusing phylogenetic analyses and thus classificarily) distinct. They have to not just be correlative of
tion. Any assumption becomes axiomatic in the struecnolecular differences, but have to be much better
turalist sense and problematic when it is acted on (ftrtan other combinations of morphological traits (i.e.,
example) by changing classifications, as opposed ave to avoid the problem of finding by chance alone
simply being an element in abduction (hypothesia distinct combination of traits). In Bayesian terms
generation). Although classical systematics is used liyere is no increase in credibility with results that do
phylogeneticists to distinguish taxa when they ameot stand alone. Refutation, beyond contradiction,
sister groups or sets of sister groups (Knox 1998: 3igquires a clear causal explanation (even if to some
Mallet 1995: 298), classical decisions are considerecktent probabilistic) that may be investigated, with a
by phylogeneticists to be insufficient, apparently, talear definition of what is evolution for a particular
distinguish at the same rank the same kind of grougsoup. In a like manner, attempting to falsify molecu-
if they are paraphyletic or apophyletic; this is a corlar results (Schwartz & Maresca 2006) does not di-
sistency problem for the principle of holophyly, thisrectly support morphological conclusions.
in addition to the fact that holophyly is not a refutable
scientific theory (Knox 1998; and see Bock 2004). Pseudoconvergence— Molecular phylogenetics
Paraphyly and polyphyly in phylogenetics arghen has two largely unrecognized major problems,
much the same phenomena. There is little to distiself-nesting ladders and unsampled extended para-

guish phylogenetic paraphyly: phyly. Together these can lead to apparent conver-
gence in a molecular cladogram, here termed pseu-
(((A,B)A)C)D, E doconvergence because it is forced by the faulty

method, and is not real.
from phylogenetic polyphyly, which is actually just Cladistics deals only with similarity, not dissimi-

extended paraphyly: larly (aside from distance on a cladogram). Mistakes
in estimating branch order necessarily result, then, in
(((A,B)C)A)D, E false convergence, this being lineages that are out of

order or wrongly tagged as sister groups. There are

because heterophyly of taxon A implies a deep anceawsso kinds of pseudoconvergence, explicit and im-
tral taxon A in both (see Plate 6.2). Evolutionarplicit.
polyphyly, quite a different thing, requiredemon- A simple example of a self-nesting ladder has the
stration of two or more caulistic ancestral taxa agncestral taxon terminal on a clade and sister with the
different ancestors for two or more exemplars of Alatest descendant lineage, e.g.A((B) C) D) E), F
lllustration of homophyly, phylogenetic paraphylywhere B, C, D and E are descendant taxa, and F is the
and polyphyly, and the implied ancestral taxa inrooted remainder of the larger cladogram.
volved in each is given by Zander (2010a). Explicit pseudoconvergence occurs when macro-

Classical taxonomy derivestaxonfrom a multi- evolutionary stem-thinking (as opposed to cladistic
dimensional tensor-like data set of specimens, mairee-thinking), using all available information, finds
phological traits, geography, ecology, habitat, chroA the ancestral taxon inferable on the cladogram
mosome number, and other taxonomic dimension&((B, C) D)A) E), F. The pair B and C are only sis-
but molecular analysis is limited to derivingtr@e ter groups in the phylogenetic (nesting) sense. A
from a 2-dimensional vector data space of exemplaeparate, isolatedl lineage as sister to B is assumed
specimens and sequence data. The exemplar spesitinct or otherwise unsampled. That is, the correct
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clade is (((A1, B) C) D)A2) E), F, as inferred from Examples of molecular systematics—Numerous
all data. In fact, because deep ancestds present examples appear in the literature of well-supported
all along the clade, there is a potential for an extamolecular analyses that match morphological trees
molecular strain of taxoi to appear between anyand classically generated classifications in large part.
two descendant taxa in a molecular cladogram. But there are many studies with poor congruence. An
A second explicit pseudoconvergence is creataktensive study (Wilson et al. 2011) of the accuracy
with the ancestral taxon used as an outgroup or a using DNA barcodes alone to identify Sphingidae
otherwise forced lower in the rooted cladogram thamoths found 83% of unknowns identifiable to genus
its descendants. The descendants then are wronplyt with many false positives, but with a more strict
ordered or paired. criterion 75% were assignable to genus with less than
Implicit pseudoconvergence occurs when the a9 false positive. This is not impressive. Hetero-
cestral taxon is entirely extinct or unsampled. Sugbhyly, however, is a fruitful source of evolutionary
unsampled ancestral taxa will contribute to problemsformation. Zander (2007a, 2008a,b, 2010a) re-
with branch order and sister-group pairing in theiewed a sampling of published phylogenetic papers,
same manner as in the case with explicit pseudocamd used heterophyly of classical taxonomic groups
vergence. Consider the clade ((((B, C) D) F) G), Eepresented by exemplars in these molecular trees to
Suppose the ordering and pairing do not match clasfer (map on a molecular tree) ancestral taxa as new
sical expectations of evolutionary descent of taxa orcaulistic elements. The analysis of the Werner et al.
morphological cladogram. One can then postulate §2004) of Zander (2008b) is summarized in Plate 7.3
extinct or unsampled ancestras explanatory. This showing how both same tree and cross-tree hetero-
may seem similar to the unnamed shared ancestorphyly imply theoretic progenitor-descendant relation-
nodes in cladograms, but this is not so. Inferred aships.
cestral taxa can be named, perhaps to the genus level,
and assigned a hypothetical ancestral morpholo@ihe future of molecular systematics —Given that
based on all data. budding evolution must be modeled when ancestor-
It may be possible to infer much of the morpholdescendant relationships are clearly present, future
ogy of an extinct or unsampled ancestral core taxanolecular analysis must take into account superopti-
from footprints in the evolution of extant, more spemization based on expressed traits, e.g., morphology,
cialized descendants. This is possible for groups through natural keys based on well-interpreted mor-
which the core generalist species is absent, the g#tological cladograms. That is, the most parsimoni-
scendant species are not so disparate in morphologys or maximum likelihood solution to a caulistic
as to suggest more than one core species, and thedel. Such a model is not simply a low probability
group is amenable to the speciational burst concegdternative to a solution for synapomorphy transfor-
(dissilience) at the genus level (as judged by relatedations or Markov chains of traits as with present-
genera having clearly distinguishable core and radiday cladistic or phylogenetic analysis. The shortest or
tive species). It is doubtful that one can take this tamost likely tree assuming universal pseudoextinction
far, such as naming cryptic species, although the ideanot the end of the analysis, but the shortest or most
of virtual fossil hunting is, of course, attractive. likely tree given identified instances of budding evo-
lution would be.
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CHAPTER 7
Element 4- Contributions from Cross-Tree Heterophyly

Précis —Morphological cladograms that are well founded by recourselio Bvaluation at
the taxon level and relevant non-phylogenetic information aiyn uncovering taxa clearly
more basal on the morphological tree than on the molecularTtneemplication is that the
exemplar specimen distal on the molecular tree is a surviviagterdpresentative of a deep
ancestral taxon. This may be explained by the mechanism of aesélig ladder. All line-
ages dependent on that deep ancestor between the distal and ppmsitiahs are theoretic
descendant lineages. Heterophyly between morphological and moleladlagrams may be
termed “cross-tree heterophyly.”

Morphological and molecular data reflect two rathetive (meaning first, being basal in a caulistic tree) but
different aspects of the same phenomenon, evolutiostatic traits pups (or buds) a new taxon but survives
ary transformation. We can analyze these separatéhe speciation event, its molecular tracking DNA
(Plate 7.1). Morphological data are in part well supbases continue to change but not its expressed traits.
ported because truly conservative traits (those @&hus, a primitive taxon can, through a series of
higher taxonomic levels, refractory to changes in sapeciation events, “climb” a molecular tree. It climbs
lective regimes) are tested every time there is an isout of its true cluster of evolutionarily similar taxa
lation event of gene history. With each gene historypto a terminal molecular cluster of advanced taxa.
isolation event, one or more mutations in (mostlyJhe mechanism of the self-nesting ladder is simply
non-coding sites are introduced in the population btite record of molecular changes left in daughter line-
the conservative morphological traits remain fixe@dges. There may be long and short ladders. An exam-
either through developmental constraint or wellple of a long ladder is the moss gerftrgthrophyl-
buffered neutrality. Conservative morphological traitéopsis (Pottiaceae), discussed elsewhere in this book
are appropriately well-weighted given this gauntlefsee index and Plate 7.3).
and should not be compared with molecular traits on If we assume both morphological and molecular
a one-to-one basis. data reflect the same evolutionary phenomenon, sup-

Cross-tree heterophyly may be a difficult concegtose molecular analysis results in the rooted clado-
for those used to copious literature in which taxogram ((A, B) C)... with a terminal (A, B) supported at
trees are interpreted as clusters of taxonomic groufs95, but morphological results assert ((A, C) B)... is
these presented as evolutionarily coherent by hieramrrect. Can we compare the two statistically?
chic shared ancestry. Each clade is monophyletic in Suppose there are two binary morphological traits
this interpretation. Cladograms, however, particularlthat C has in common with A that would have re-
molecular cladograms, cannot be so easily translatgdired convergence of A and C to get the morpho-
to evolutionary and therefore systematic groupsogical clade different ((A, C) B) ... from the molecu-
Imagine a molecular cladogram in which a basdar clade ((A, B) C) .... What is the chance of that
taxon, because it has generated many major lineagesnvergence? Let us assume that the morphological
turns up to be terminal. A dark black fat line drawrraits were not conservative but rather labile traits
on the cladogram from its base to the cladisticallthat change at 50% probability. Both taxon B and
terminal but evolutionarily basal taxon then repretaxon C would have to each change in two traits to
sents the basal taxon as ancestral to all lineages that this difference in cladograms, so we have four
come off the line. This molecular cladogram canndtait changes involved. The chance of those four traits
be divided into clusters of monophyletic taxa in théransforming to their alternate form is then d,56r
usual way. This chapter deals with the implications. 0.06. Because this is a low probability, the comple-

Although it may be argued that one should nanent, 1 minus 0.06, or 94%, is the chance that the
compare an exemplar tree with a taxon tree, if patrismsorphological cladogram is correct. It would be even
tic distance is rather large, then cross-tree heteroigher if the traits were demonstrably and informa-
phyly is evolutionarily informative. tively conservative.

One might expect that the conservative morpho- Comparing the two via the Bayesian formula
logical traits lag behind changes in DNA sequenceghere a small bit of morphological support (1 minus
used to track phylogeny. Every time a taxon of primi9.96) is made to support, as a prior, the molecular
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cladogram, versus when a small bit of molecular suphen a scientific theory can be presented that recon-
port (1 minus 0.95) is made to support, as a priocjles them, namely that an ancestral taxon the same

morphology: as exemplaB is progenitor of both A and C. Traits
on the morphological tree need not be merely
Molecular probability of 0.95 with mapped (relegated) to the molecular tree or buried in
prior support of 0.06 from morpho- an lump-all-data-together total evidence analysis.
logical support of the molecular This pluralist solution reminds of Haack’s (1993: 81)
cladogram yields a posterior credi- analogy of the crossword puzzle that is solved by
bility of 0.55 for ((A, B) C). mutual support from two rather different belief or
experiential systems. One should note that to the ex-
Morphological probability of 0.94 tent that a taxon is more basal on morphological
with prior of 0.05 from molecular cladograms, that taxon should not be used for classi-
support yields a posterior credibility fication by clustering on the molecular cladogram.
of 0.45 for ((A, C) B. (Note these
posteriors add to 100%.) Heterophyletic isomorphism —There is a growing

discrepancy between the results of morphological and

Thus, we have an impasse, with almost equivocaiolecular analyses of the same taxa (Assis & Rieppel
support for conflicting molecular and morphologicaR010) as more exemplars are sampled. Cross-tree
cladograms. The impasse certainly cannot be ignoradterophyly, i.e., the superimposition of morphologi-
if Bayesian analysis is stated as the analytic methadl and molecular cladograms, may provide accept-
used, and should not be ignored in any case. Thble scientific theories about evolutionary relation-
usual phylogenetic solution is to declare the morphahips, e.g. Plate 7.2. Taxa low in the morphological
logical results unscientifically intuitive and simplytree but high in the molecular tree are theoretically
map the morphological traits to the molecular clad@ancestral taxa of all lineages in between. A morpho-
gram. Another, more complex fix is to add the morlogically strongly plesiomorphic taxon occurring ba-
phological data set to the molecular data set in whsally on a morphological cladogram but distally in a
is called a “total evidence” analysis, in which casenolecular cladogram is best representative of con-
differences between the morphological and moleculailiation through mapping taxa across two clado-
results are commonly decided in favor of the data sgtams. It is explainable as either simply a surviving
with much more unitary, unweighted evidence pegaxon, or the lone surviving branch of an extinct (or
specimen exemplar. There is, also, little informationot yet sampled) taxon of extended paraphyly.
on molecular variation between exemplars of the In structuralist terms, cross-tree heterophyly re-
same taxon that might reduce certainty. veals an isomorphism (Zander 2010b) inherent in

Morphological data are reflective of a differentboth data sets. Differential aspects of morphological
view of evolution than are molecular data. Morphoand molecular cladograms are simply different modi-
logical data are present-day results of past macroevi@ations of the cladistic dimension by the unrepre-
lutionary events and involve diachronic transformasented caulistic dimension. The implied shared hid-
tional relationships traced by proven long-stable comlen structure is retrieved in both structuralist and
servative traits and apply taxa Molecular data are empiricist terms by postulating a mapped taxon (an-
present-day results of past microevolutionary eventestral bridging group at a particular rank) between a
reflecting genetic continuity and isolation events gposition on a morphological cladogram and the
molecular strains but not necessarily macroevolutioaxon’s possibly quite different position on a molecu-
ary transformations, and apply single specimens lar cladogram. Empirically, a deep ancestral taxon is
Although some morphological traits can be stronglfar more likely as a scientific explanation than theo-
convergent in being sensitive to selective regimeses of massive homoplasy giving rise to massive
the conservative traits can lag behind constantly maenvergence, expressed as a newly evolved separate
tating molecular traits, and the difference betweemolecularly distant taxon identical in all morphologi-
molecular and morphological cladograms may beally diagnosable respects (Cain 1944: 290; Crisp &
caulistically informative. Cook 2005: 122). Note that morphological cladistic

Morphological results that differ from molecularanalysis has placed a great premium on homology
results are therefore not necessarily contrary or falsinalysis, yet the morphological evidence (of sister
ficatory. If molecular analysis results in ((A, B) C) ...groups) is thrown out in molecular systematics or
and morphological analysis results in ((A, C) B) ...buried by joining data sets. A deep ancestral taxon, or
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evolutionary isomorphism, is a good explanation fof1994: 239) addressed the problem of incongruency
differing morphological and molecular cladogranmbetween the results of morphological and molecular
positions of what may be ancient, surviving taxa.  analyses, suggesting that methodological pluralism
The chance of morphological convergence mushight provide an answer, keeping analyses separate
be evaluated at the level of taxa, not traits alonbut treating the separate results as contributing to
What is the chance through chance alone that consttal evidence, in their case to help choose one clado-
vative traits will combine in different parts of an evogram over another. Reiners and Lockwood (2010)
lutionary tree to reconstitute a taxon exactly (i.e., dsave argued the value of such pluralism (controlled
the sum of all its important traits)? Consider a corby “constrained perspectivism”) in ecology, while
trived morphological data set of 30 binary traits, an8antos and Faria (2011) suggest pluralism as an end
20 exemplars each representing a different speci¢s.what they see as a cold war between researchers
We eliminate, say, half (15) of the traits as stronglthat are strictly molecular and others that are strictly
liable to selection in certain environments implying anorphological. Assis and Rieppel (2010) suggested
higher probability of convergence, or which are dethat an important issue is to “make empiric evidence
velopmentally linked in some way. Fifteen conservascientifically relevant by trying to find owuthy [their
tive binary traits can be combine®® ®r 32768 ways emphasis] such contrastive signals are obtained in the
(i.e., two states per trait). For a genus of 20 specidésst place.” Past work (Zander 2006, 2007a, 2008b,
the probability of two of them totally convergent2010, and other authors on the subject of paraphyly)
through random, independent combination is vergnd the present study suggest that deeply buried an-
small. This can be demonstrated using a variation oéstry is a proper and testable explanation.
the birthday problem in combinatorics. At times, as
now, when p = 1 — g, the direct calculation of p magxamples of morphological and molecular hetero-
be complex, and we can calculate q more easilghyly — Plate 7.1 compares a (1) synchronic (same
There are 32767 / 32768 ways two taxa wathave time, cladistic) cladogram, and a diachronic (through
the same conservative traits. For 20 taxa there aret{ime, macroevolutionary) caulogram with (2a) pro-
(n — 1)) / 2 or 190 pairs possible. The probability ofjenitor-descendant relationships implied by same-
any two pairshavingthe same combination of con-tree molecular heterophyly, and by (2b) cross-tree,
servative binary trait states is then 1 minus (32767molecular/morphological heterophyly. The greater
32768)“’0, or 0.006. This does not, in addition, conthan and less than signs are arrows inserted into the
sider traits of more than two states or new traits ostandard Newick Formula indicating sequential
curring. Although the set of conservative traits at thenacroevolution. Bold-faced letters are progenitors. G
genus level and above is smaller, there seems to ihethe cladograms, which are all rooted, represents
no paucity of traits distinguishing genera in familiegontinuation basally of a larger tree, and there is no
with large numbers of genera, thus small chance miformation on macroevolution for the first split,
total convergence at any taxon level. which is either due to pseudoextinction or is simply
Millstein (2000) has reviewed theoretical plural-unknown.
ism in paleobiology, comparing stochastic (theory-
free) and deterministic (theory-based) methods of
addressing macroevolution. Rieppel and Grande
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(1) Synchronic phylogenetic pattern

((A,B)C)(D, E)F G
present-day

(2) Diachronic evolutionary pattern

((A;>B)>C) (D<A,)FG

(a) same-tree
heterophyly

((((A;>B)>C)>(D<E)) A,) F,G

position in

morphological
(b) cross-tree cladbgrans
heterophyly
Plate 7.1. — Comparison of (1) synchronic cladogram, and a diachronilogam with

(2a) progenitor-descendant relationships inferred from seementolecular heterophyly, and
(2b) from cross-tree, molecular-morphological heterophylye gheater than and less than
signs indicate sequential macroevolution. Bold-faced letter agepitors. Parentheses are
used to indicate cladogram branch order as in the Newick formula.

Schneider et al. (2009) presented a chart compamntly resolvable only at that rank) of all other ferns
ing molecular and morphological trees for 34 generand Equisetum. Gleicheniand Phanerosorusmply
of vascular plants emphasizing the ferns. Cross-tréeat Gleicheniales (3) is the ancestral taxonHgr
heterophyly can be observed in a modification (Plat@enophyllunand indirectly, by extension, other ferns
7.2) of their two-part diagram and inferences mad®more distal on the molecular cladograBicksonia,
about ancestry, in this case indirect ancestry, of se@yatheaandPlagiogyriaimply that Cyatheales (4) is
eral branching lineagesCycas (Cycadales) and ancestral to a number of molecularly crown fern gen-
Ginkgo (Ginkgoales) (1) provide ancestral taxa (as ara includingLygodium Taxa selected here as ances-
pair contributing to some as yet unresolved set of theal are those that are lower in the morphological tree
same taxa) foPinus, Gnetum, ChloranthuandAus- than in the molecular tree, and thus provide a clear
trobaileya Angiopteris, MarattiaandDanaeaimply  choice for mapping taxa on the molecular tree.
that Marattiopsida (2) is the ancestral taxon (pres-
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Marchantia Marchantia

MOI‘phOlogy //Haplomitrium DNA /Haplomitrium
, Anthoceros - Anthoceros
Sphagnum Sphagnum
Polytrichum Polytrichum
Huperzia Huperzia
Isoetes Isoetes
Selaginella Selaginella
Cycas 1 Austrobaileya
Ginkgo Chloranthus

/ Pinus Pinus

Gnetum ‘ Gnetum
Austrobaileya Cycas
4 Chloranthus Ginkgo1
Z Angiopteris 4 Bofrychium
7 Danaea 2 7 Ophioglossum
Marattia Tmesipteris
Bolrychium Psilotum
Ophioglossum Danaea
Tmesipteris Marattia 2
Psilotum \ Angiopteris
Equisetum-1 (X Equisetum-1
Equisetum-2 Equisetum-2
Osmunda Osmunda
Phanerosorus Hymenophyllum
Gleichenia 3 \ Phanerosorus 3

Hymenophyllum Gleichenia

yathea P\ Lygodium
Plagiogyria Salvinia
Dicksonia (5 Marsilea

Lygodium Blechnum

Mg
Blechnum Plagiogyria
Pteridium Dicksonia

Plate 7.2. — Exemplary chart of cross-tree heterophyly modified from Sclenegt al.

(2009) comparing morphologicdleft) and DNA (right) cladograms of selected vascular
plants, particularly the ferns. Taxa that are significantlyenfmasal in the former than in the
latter imply structuralist isomorphic ancestral taxa, which aapped as ellipses over rele-
vant areas of the tree on the molecular cladogram: 1 = Cycadalesrdgddles; 2 = Marat-
tiopsida; 3 = Gleicheniales; 4 = Cyatheales; all of which ararapgly surviving ancestral
taxa. These contribute to an incomplete “Besseyan cactus” (Besdsyof%ihes and ellipses
on the molecular tree, showing both sister-groups and sooestandescendant evolutionary
relationships. The diagrams were made in part with Treevieve(P296).

Alert readers will note that in the molecularaxiomatic as phylogenetic monophyly (all organisms
cladogram (Plate 7.3) of the moss family Pottiaceaderive from a shared ancestor must be of the same
subfamily Erythrophyllopsoideae is placed as a cataxonomic rank and name). Evolutionary parallelism
listic entity at the base of the evolutionary tree to refde.g., Rajakumar et al. 2012) is here considered an
resent the extremely plesiomorphic geritiythro- expected feature when studying macroevolutionary
phyllopsis in the morphological cladogram (Platetransformations revealed as paraphyly from a demon-
5.1), yet two species d&rythrophyllopsisare nested strated caulistic taxon, and may be non-artefactual
high in the molecular cladogram apparently in théArendt & Reznick 2007; Cronquist 1975; Gould
Pottioideae. This is an artifact of the moleculaB002; Shanahan 2011). If so, then the Darwinian
cladogram, anderythrophyllopsisis indeed in the maxim that evolutionary monophyly must begin with
Erythrophyllopsoideae. Classification does not neealsingle shared taxon may be somewhat challenged in
to follow caulistic mapping of taxa on a moleculathat several individuals or lineages of the same taxon
cladistic tree when there are complications, and raf any rank may derive from one different taxon at
evolutionary theory should follow any strictures ofdifferent points on a molecular cladogram. Darwin
classification. The latter confounds the expectation afsserted (discussed by Dayrat 2005) that classifica-
evolutionary monophyly (all organisms in a grougion should reflect both genealogy and similarity, but
plus any dependent group of equal or greater raffkcaulistic study demonstrates prevalent parallelism
derive from a shared ancestor), but that may be as a minor challenge, it must be accounted for in non-
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cladistic classification. Apparent determinative paralwork, however, in my opinion, simply supports the
lelism has been demonstrated at the highest levelsidéa ofBarbula and Pseudocrossidiuras basal taxa
evolutionary community structure (Ricklefs &in an evolutionary tree (Plate 8.8). Cladistic cluster-
Renner 2012). ing is not a process in nature but a result of an ana-

Plate 7.3 shows a split betwedarbula sect. lytical process that is unfinished. That is, mere nest-
Convoluta(represented by exemplars Bf bolleana ing in a foreign subfamily requires insight into why.
and B. indicg and Barbula sect. Barbula (repre- Barbula species should or should not all be in the
sented by an exemplar Bf unguiculaty The former tribe Barbuleae of the Pottioideae unless there is
section has plane leaf margins as in the clusterimgore reason to modify this than cladistic clustering.
subfamily Trichostomoideae, and the latter recurvetihere is indeed a scientific process-based explanation
leaf margins as in the clustering Pottioiceae. Botlor this cladistic nesting, namely that the tRarbula
clearly belong to the geniarbulaby the distinctive sections are engaged fiarallel self-nesting ladders
stem section anatomy, gemmae type, blunt leaf apegch ladder generative of taxa in a different subfam-
and areolation (see Zander 1993).c¢&ma et al. ily. The genusBarbula in the tribe Barbuleaes
(2013), based on splitting in a molecular analysis dherefore primitive and coherent as a group of spe-
many Barbula species along with species of othecies, and is not represented or even representable by
Pottiaceae genera, spBarbula into Barbula, Hy- cladistic nesting or clustering on this molecular
drogoniumand Streblotrichum,reflecting the infor- cladogram. This deals with both cladistic nesting and
mation in Plate 7.3 in formal classification. Theimwith classical taxonomic evaluation.
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Funaria hygrometrica
Enclaypta rhaptocarpa
Bartramia stricta
Ditrichum flexicaule
Distichium capillaceum
Timmiella crassinervis Pottiaceae, Timmielloideae _
Campylopus atrovirens
Wardia hygrometrica
Trichodontium falcatum
Dicranella heteromalla
Fissidens subbasilaris
Hypodontium dregei
Blindia acuta
Ptychomitrium gardneri
Grimmia pulvinata
Mesotus celatus
Dichodontium pellucidum
Dicranum scoparium
Ceratodon purpureus
Pleuridium acuminatum
Oreoweisia erosa
Scopelophila cataractae 4=
Eucladium verticillatum
Pseudocrossidium hornschuchianum 4=
Tetrapterum tetragonum

7/ Triquetrella tristicha 4=
Leptodontium flexifolium =
Gymnostomiella monodii
Hyophila involuta
Splachnobryum obtusum 1

Other families

]Splachnobryaceae:

Splachnobryum obtusum 2
Pottiopsis caespitosa
Anoectangium aestivum 4=
Gymnostomum viridulum 4=
& & Weisia controversa
BN / Trichostomum crispulum
7 2 Aschisma carniolicum
E Hymenostylium recurvirostrum 4=
A Leptobarbula berica 4= _
l,;;"/ Ephemerum spinosum EphemeraCeae_
7 e Barbula bolleana 4=
0\663 Barbula indica 4=
05\0“\ Pleurochaete squarrosa
,“'\QK\ Pseudosymblepharis schimperiana Chionolomoideae
%. 7 Tortella flavovirens
6‘0/ Pseudocrossidium crinitum 4=
Barbula unguiculata 4=
Acaulon integrifolium
Aloina ambigua
Didymodon sinuosus 4=
Erythrophyllopsis fuscula Erythrophyllopsoideae
Erythrophyllopsis zanderi
Trichostomopsis paramicola 4=
Trichostomopsis australasiae 4=
(//@ y Dialytrichia mucronata 4= _
% Z Cinclidotus fontinaloides Cinclidotaceae
Didymodon giganteus = ]
Didymodon luridus 4=
/Chenia leptophylla
caninervis
(Syn(richia ruralis
Microbryum curvicolle
Microbryum davallianum
Pl Acaulon triquetrum
%, Crossidium aberrans
066, Tortula hoppeana
Stegonia latifolius
Pterygoneurum lamellatum

Pottiaceae

8y

Tortula muralis

Bryoerythrophyllum recurvirostrum 4=
Tortula acaulon

Tortula lanceola

Tortula protobryoides —

Plate 7.3. —Combined same-tree and cross-tree heterophyly. The cladograpteédrom
that of Zander (2008b), summarizes at 0.95 Bayesian credibiétyVerner et al. (2004) mo-
lecular analysis of the Pottiaceae (Musci) and related familiesotityroup i-unariain the
Funariaceae. Three families are macroevolutionarily derived frem deeply nested in) the
Pottiaceae, these are Ephemeraceae, Cinclidotaceae and Splachnobfyjaueasla has
been confirmed (Cox et al. 2010) to be molecularly heteropbyléth the remainder of the
family implying it is directly derived from a pottiaceousgenitor that also budded several
additional intercalated families of mosses. A basal positioa morphological cladogram
(Plate 5.1) implies thaErythrophyllopsisis a deep ancestral taxon with a clear self-nesting
ladder. The proper position of the strongly self-nestingthrophyllopsoideads basal to
Barbuleae in an evolutionary (not cladistic) tree. Differemcis of each oBarbula and
Pseudocrossidiurare strongly heterophyletic on the same molecular cladograminmgpay
deep ancestral taxon including these genera. In fact the Barlislebsarly scattered (and
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heterophyletic) among Trichostomoideae and Pottiea®ws). That Barbuleae is indeed
heterophyletic on the genus lev@afbula, Didymodon, Pseudocrossidiuseems clear.
Pseudocrossidiuris apparently heterophyletic as supported by recent treatofethies genus
(Cano 2011; Jiménez et al. 2012) that recognize or at least ategtegether the two species
in spite of the present 0.95 credible interval involvedetetophyly. The possibility of self-
nesting ladders means that higher ranks should not be clustdedyl on the basis of a mo-
lecular cladogramAcaulon integrifolium(Pottiaceaeis the correct name (Werner et al. 2005)
for the exemplar originally published (Werner et al. 2004%asiomitrium acuminatur{Fu-
nariaceae).
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CHAPTER 8
Element 5- Superoptimization and Consolidation

Précis —Superoptimization is an attempted formalization of scientifiggiht. Cladograms
may be made more parsimonious in general (not stepwise) bngdme internal nodes as
possible ancestral taxa. This is done by examination of sisi#es and deciding, if possible,
which is the probable ancestral taxon given non-phylogenetonmattion from morphology,
biogeography, ecology, cytology, and other informatiomeated with classical systematics
and biosystematics. A preliminary evolutionary tree can betagsied. Molecular clado-
grams are inspected for heterophyly (Elements 3 and 4) ctiilpsed to cladograms with
only clades of 0.95 credible intervals using the Implied dkédi Credible Interval method.
Classical taxonomy, morphological cladistics and moleculatogeyetics are consolidated
through a Bayes Solution using “coarse priors.” If a cladogsamot available or does not re-
flect accepted classical concepts, superoptimization (distinguishiagroevolutionary
change by pseudoextinction and budding evolution) may be aloest possible with su-
praspecific categories. An example is given with the moss deidymodonleading to name
changes at the genus and species levels with the basic transfpainavolutionary unit be-
ing the genus as represented by a core generalist species chossrfitddmllo transforma-
tion at the taxon level. Although morphological and moleccladistics are uncertain, they
help determine primitive versus advanced macroevolutionary usibf taxa.

One can or should see the utility and logic of intratregifferent complex traits for which evolution from a
and cross-tree heterophyly in implying diachronicshared ancestor is more reasonable than from each
sequential changes in taxa. Although a wellether. This potential pseudoextinction event “breaks”
supported identity of the gene tree with the speci@scaulogram. In the example in Plate 8.1, only one
tree is ideal for support of sister groups, heterophylyode is posited that could be evidence of shared an-
can be distinguished from simple incomplete lineageestors different from one or the other of the sister
sorting (where a taxon appears twice in sequence orfaaa. It is expected that a paucity of potential shared
molecular clade) by careful evaluation of conflictingancestors in the sense of pseudoextinction is true for
cases of heterophyly and Dollo evaluation at thmany other taxa.
taxon level. That is, one asks if this heterophyly (as Maximum parsimony of posited taxa would re-
apparent evidence of an ancestral taxon) is reasonafjigre that all shared ancestors be named to the extent
in light of expected serial macroevolutionary transpossible. Paraphyly involving taxa surviving at least
formation for this group and any other evidence. Inene speciation event or even more has been estimated
complete lineage sorting, in any caisegvidence of a as widespread in extant taxa by Funk and Omland
shared ancestral taxon of a name including both ef2003), who indicated that species level paraphyly or
emplars that exhibit this, but the implied ancestrgdolyphyly occurred in about 23% of assayed species.
taxon cannot be expected to be a particularly “deeRieseberg and Brouillet (1994) suggested that at least
ancestral taxon. 50 percent of all plant species and possibly much
Naming nodes in cladograms increases the parsiore are products of geographically local speciation,
mony by decreasing the number of postulated bof which half are likely to be not monophyletic, and
unnamed shared ancestors. Some may argue that plaat in plants “...a species classification based on the
simony is decreased when the same traits are foragterion of monophyly is unlikely to be an effective
into multiple origins yet the constraint of two or mordool for describing and ordering biological diversity.”
nodes being the same ancestral taxon comes fragxacording to Levin (1993), “...local speciation by
different, non-phylogenetically informative data orgeographically marginal or disjunctive isolates [re-
from molecular heterophyly, and such constraint isulting in paraphyly] is the rule instead of the excep-
decisive. tion and may match patterns of geographic subdivi-
Some nodes cannot be named because sisteien.” Based on simulations, Aldous et al. (2011:
group taxa are clearly equally derivative in speciali322) asserted, “...for about 63% of extant species,
zation and recent environments, or which have vegsome ancestral species should be itself extant...”
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They further remarked that biologists anecdotally In many cases, a molecular cladogram contradicts
regard as small the number of extant species with ancepted or near-certain classical groupings of taxa.
extant ancestor, “though we have been unable to fitd such an event, superoptimization may be done
useful data, perhaps in part because cladistics dogmighin supraspecific groups, or else the data generat-
discourages asking this question.” Thus, based on timg the cladogram should be (if reasonable) re-
above studies, there are empirical and theoretical regeighted until it does reflect near-certain classical
sons to minimize the number of unnamed and unofgroupings. Or if no cladogram at all is available, the
servable nodes in a cladistic tree that act as hiddsaperoptimization may proceed with the guide of a
causes (Zander 2010b). natural key. The idea is to determine which taxon is
This suggests an apparent rarity of speciatiomn ancestral taxon, and which are direct descendants.
events involving Hennigian pseudoextinction (genThere may be, for instance, many species as descen-
eration of two daughter species with disappearance ddints of a supergenerative species, see example with
the progenitor), although this is the basis of the md@idymodonbelow.
lecular coalescent model (Rosenberg 2003). Evidence A morphological or molecular cladogram is ide-
for pseudoextinction, or at least for a minimum o&lly meant to illuminate evolution among classical
influence on macroevolution by a supergenerativiaxa. Morphological cladograms should help reveal
ancestor, would be the absence of clear subgenerar@croevolutionary aspects of primitive and advanced
sections in a genus. Distinct subgenera or sectioggups, not nested results of presumed and unproven
would be evidence for a supergenerative ancest@seudoextinction events. Only if a molecular clado-
even one that is extinct or unsampled. gram is based on adequate statistically robust sam-
Minimization of unobservable entities is impor-pling and if mechanisms of molecular evolution are
tant but complete macroevolutionary understandingnderstood (e.g., self-nesting ladders) should changes
doubtless cannot be achieved—as Einstein (Gildbe made in classical classifications on the basis of
2008: 86) said, every theory includes unobservab@NA data.
guantities. This additional parsimony maximization, Classical systematics is often concerned with the
or superoptimizationof a cladogram is accomplisheddetection of gaps between groups of organisms.
by designating one sister lineage at each node, whEhere is software that is intended to help identify
possible, as the progenitor of the other. SuperoptinBuch gaps, but classical systematics also weights
zation using expressed traits (including biogeograther traits, including non-gap information such as
phy, ecology, etc.) complements molecular analysiselative importance of autapomorphic characters, and
This is because the latter alone cannot determisalient conservative characters that are important in
branch order of taxa with confidence, even witlyroup coherence.
dense sampling, because of the probable common- There is apparent agreement among phylogeneti-
ness of extinct or unsampled molecular extendetists that phylogenetic methods involve distinguish-
paraphyletic clades. ing which two of three taxa are more closely related
Although some nodes may be clarified caulisti{Nelson 2004: 128), and also that phylogenetic analy-
cally by intratree and cross-tree heterophyly, foses should incorporate Hennig's postulation that a
other ancestor-descendant tree splits information owhared ancestral taxon disappears (pseudoextinction)
side the phylogenetic data set must be used. Any iafter generation of two daughter taxa (Avise 2000).
formation that makes it likely that one lineage gav&here is no accounting, however, for surviving ances-
rise to the other may be used to maximize parsimotral taxa or ancient paraphyly with all but one branch
of the caulogram, including geographic distributiongjnsampled (e.g., extinct) that would affect the order
cytology, and Dollo evaluations of total morphologi-of branching and confound mapping of traits on
cal change at the taxon level. The cladogram nodedograms.
are assigned the taxonomic name of a terminal exem- Assis and Rieppel (2010) asserted that mapping of
plar or, as is done in heterophyly evaluations, a taxdraits on molecular trees is empirically empty be-
name high enough in rank to include all distal termicause these are not refutable by synapomorphies.
nal exemplars in that lineage. There is no reason thaturin’s (2010) evaluation of evolutionary trend de-
some nodes (perhaps a third as suggested by the wiaétion used only simulations of character change
of Aldous et al. 2011) cannot be left as pseudoextintusing known evolutionary models” of character
tion events, but these are indistinguishable fromhange. Mappingaxa however, through inference
nodes simply having equivocal information on ancesrom heterophyly on molecular trees results in hy-
tor-descendant relationships. potheses of ancestry that may be tested against fossil
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evidence, biogeography, and other information nddridgham et al. 2009). There are, of course, well-
used in generating a molecular cladogram, andown developmentally based violations of Dollo’s
maximizes parsimony of postulated shared ancestotsw in certain complekraits.
Although one particular macroevolutionary scenario Examples include apparent re-evolution of shell
may not seem well supported, if there are no reasarpiling in snails; reactivation of wings in wingless
able alternatives, one can invoke Cohen’s (1994) aralking sticks; eye atavisms in cyclopean brine
guments against relentless search for statistical sughwimp; modes of vulva formation in nematodes; an-
port in such unambiguous Sherlockian eventualities.cestral traits of the lateral lines, muscles, and gill rak-
ers of cichlid fishes; eye reactivation in eyeless cope-
Dollo’'s Rule —Dollo’s Rule (Dollo 1893; Goldberg pods; teeth in chickens; and re-occurrence of a sec-
& Ici¢ 2008; Gould 1970; Lénnig et al. 2007) is theond molar in lynx, as reviewed by Zander (2010a).
generalization that an organism can never return eRut these are confined to complex organs (e.g., bats
actly to a previous evolutionary stathough often and birds have wings). Examples of apparent total
nowadays mistaken as meaning that individual traitonvergence at the taxon level (as discussed by
are doubtfully reversible, as noted by Cavalier-Smit@ollin & Miglietta 2008; Jardine & Sibson 1971:
(2010), Gould (1970), Hall (2003), and Jackman ant¥44) may be better explained (Zander 2010a) as mor-
Stock (2006). This is important at any step in generghological stasis plus molecular heterophyly due to
tion of a natural classification, but may be of particutemporal or geographically isolated populations of
lar analytic value when a taxon is basal in a morphancestral taxa. Not all reversals of complex traits are
logical study but terminal in a molecular study (sestrictly homologous, as vestigial hips in snakes and
Element 4). In the present paper, Dollo’s Rule is comwhales functionally depend on different developmen-
sidered in the original sense as applicable at tha pathways (Bejder & Hall 2002). Thus, although
whole organism level through a developmentally asome complex traits can be deemed reversible, others
selectively unified combination of traits—as opposedre irreversible, and judgment based on biosystematic
to occasional homoplasy of portions of the genome and developmental facts about the total organism
expressed traits atomized in a data set—and full comeyond phylogenetic analysis of morphological and
vergence at the taxon level is considered rare or imiolecular traits is required.
probable (Gould 1970). Crawford (2010) has published a thorough review
Two morphologically complex and different taxaof phylogenetic and other methods for determining at
that do converge cannot, by Dollo's Rule, converdeast recent progenitor-derivative species pairs in
completely. There are always some telling traits frorplants. Biosystematic study provides biological evi-
a previous separate lineage that are dragged alahgnce other than that of descriptive morphology that
during convergence. Identification of such traits isnay support or require modification of alpha taxon-
then decisive when identifying the same taxon witbmy; it is often experimental or quasi-experimental
exemplars distant on a molecular tree probabilistfCook & Campbell 1979) or statistically analytic
cally because the telling traits occur only in that onélobias et al. 2010).
taxon, and very rarely elsewhere. That rarity of oc-
curring elsewhere is a measure of probability, anfiraits outside those commonly used in phylo-
this can be gauged as a proportion of all taxa thgénetics —With attention to the details involved in
conceivably tolerate developmentally those draggeduperoptimality, the evolutionary tree fills out as a
along traits. This probability is small. complete theoretical description of gross aspects of
Thus, any cladogram topologies that are incredimacroevolution of the groups involved. Required, of
ble or improbable in light of standard evolutionarncourse, is information on geography, ecology, ethol-
theory need re-examination for constraint on dire@gy, chemistry, genetics, and many aspects of ex-
tion of evolution. Typical features that may allow gressed traits affected by evolution that may neces-
successful Dollo evaluation are convergence of osarily be represented only in a monograph or flora or
ganisms indistinguishable at some taxonomic leveiunistic study of a large region, combined with a
polyploidy, hybridy, unique trait complexes, widewillingness to engage in the Dollo evaluation.
and ancient distributions, recent habitats or pollina- Microevolutionary changes in single isolated
tors or parasites or predators, paleontology, vicatiraits (including ecology and aspects of adaptive
ance events, consilience (see Glossary) of morphmorphology) are commonly reversible, as is assumed
logical and molecular derivations, and developmental the usual non-Dollo-enforced phylogenetic analy-
pathways that are essentially one-way (e.gses, but macroevolutionary traits involving anatomy
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and general bauplan are not or rarely so (Grant 19%knii andD. murrayaewere obtained, and an optimal
329). Macroevolutionary traits are built up as a contree (Plate 8.1) was selected for analysis because it
plex, interdependent edifice over time, constraining/as closest to the (Zander 1998) UPGMA result with
reversals. The evolutionary ratchet of Levintorihe same species. Tree length is 63 steps, consistency
(1988: 217) involves epigenetic, genetic, and seletidex is 0.44.
tional features not easily lost or reversed. This is, Authorities for botanical scientific names in this
theoretically, due to accumulative functional integrabook, if not given, may be found in the treatment of
tion that is epigenetically buffered by regulator gengbe Pottiaceae by Zander (1993) or on the Web site
and promoter sequences. The identification or at leaBtopicos of the Missouri Botanical Garden.
inference of such constraints at the taxon level helps The cladogram was subjected to superoptimiza-
decide direction of descent with modification of taxation, namely the identification by name of all possible
J. Glime (Bryonet, June 22, 2012) found that the wancestral taxa to reduce the numbers of nodes identi-
ter mossFontinalis, which almost always has nofied only as unnamed, unobservable, superfluous pos-
costa (midrib) in the leaf, produced short costae wheulated “shared ancestors” as hidden causes. Each
grown in an artificial stream with much air exposurebranch in Plate 8.1 was drawn as broken at the junc-
She suggested that a suppressive regulator genetwe of an inferred descendant and progenitor to make
promoter sequence acts on costa development under evolutionary tree. This tree is only an interpreta-
usual conditions, and that expression is an ancestti@n of the cladogram, however, and is limited by
state in this case. dichotomous structure.

A thorough analysis would require following a
Superoptimization of Didymodon— Zander (1998, complex method based a review of the literature on
2001) did a most-parsimonious cladistic analysis2of 2etermining (inferring, informedly guessing) which
New World species of the moss geribglymodon of two sister-group taxa or clades are progenitor and
(Pottiaceae) with a data set of 23 morphologicatatr which descendant, a study beyond the scope of the
ters, andBarbula unguiculataas outgroup. The North present work. For purposes of this example, however,
American specimen of Didymodon sinuostishas the results are unequivocal. The following numeric
since been reidentified as a new spediesnurrayae codes in the cladogram indicate inferred aspects of
Otnyukova The data were treated as non-additivenacroevolutionary transformation of the budding
(non-ordered) and equal (no) weighting was usetype:
Three trees differing only in placement®f nichol-

. A major morphological differentiation that signals thistfgroupings above species level.

. A species generalist in morphology that might easily gé@specialized descendants.

. A widely distributed species that is found in many lebiand may be relatively old.

. A habitat specialist.

. A species with asexual reproduction common and sexual repredargans rare or ab-
sent.

. A species of local distribution, often of recent habitats.

. A species that after superoptimization is reasonably consideradcestral taxon of many
species.

8. A species of multiple subspecies or varieties.

G~ WNPEF

~N O

Examination of the modified cladogram (Plate 8.1¢onstruction of the database is not infallible or suffi-
shows only one node (except the most basal, ofently inclusive of difficult to describe traits, nor is
course) that could not be named at the species leidé¢ntical weighting necessarily representative of con-
(that for Didymodon asperifoliusand D. vinealig. servative traits. Mechanical analysis must be inter-
Didymodon asperifoliusloubtfully belongs withD. preted.

vinealis and has a morphology that is similar Do Two species (codes 1 and Didymodon fallax
fallax but more primitive (having quadrate adaxiabBndD. vinealis are the implied progenitors of many
costal cells). It probably shares an immediate but edescendant species. These may be called supergen-
tinct (or unsampled) ancestral taxon with fallax, erative core taxa. The groups associated with all in-
and is an instance of possible pseudoextinction. THisrred deep ancestral species have been recognized as
is contrary to what the actual cladogram reveals, bséctions ofDidymodon(Zander 1993). One group
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(Code 1), withD. australiasiaeas progenitor, has sensitive. Specialists, however, apparently speciate
been considered a different gentisichostomopsis, more frequently, even if they go extinct more fre-
thus this genus was generated by another because guently, too, as they too adapt to degradation of ne-
well-nested in that other genuBidymodon rigidulus cessities. The core species of the present book are not
(Code 1) s. lat. is progenitor of two asexually reprgust eurytopes but are also fully charactered. The
ducing species, and these are in a third secti@i-of stirps are not just stenotopes, but are usually also
dymodonthus one section is generated from anothehnighly modified in traits such that adaptation to new
Didymodon nigrescengCode 1) is a generalist spe-conditions may be difficult or impossible because of
cies that probably generated one propaguliferous spgbe physiological burden of specialization. An ex-
cies (Code 5), and another as habitat specialist of limeme form of “dead-endedness” is associated with
cal distribution (codes 4 and 6). “evolutionary suicide,” in which there is, for a short
Given that all immediate descendants of one colmit significant time, extreme selection against a trait
species have the same extant shared ancestral spettiasis otherwise evolutionarily advantageous, such as
and a term is not available for these important fe@ wildlife harvesting (Sasaki et al. 2008).
tures of evolution, a special name for such daughter Thus, certain species may be identified as inter-
species might be the English word “stirp” (pluralgenerically primitive, and generative in many cases
stirps) as a lineage descending from a single ancestofr.a number of specialized derivative species—a set
This English word is not spelled exactly like theof stirps. An area of species diversity or biotype mul-
Latin “stirps” (plural stirpes), which is more com-tiplication may provide an evolutionary lens effect
monly used in the legal sense of distribution of a leghat serves to illuminate a genus’ ability and direction
acy equally to all branches of a family (per stirpes}p evolve, given phyletic constraint and developmen-
but the sense is similar. tal restrictions. Progenitors are inferred to give rise to
Vrba (1985) proposed a bias in the way that spether progenitors, thus conserving (contributing to
cies are generated and go extinct. Generalist specigsllo parsimony at taxon level) the more complex
(eurytope¥ apparently survive longer—when onetraits less easily acceptable as reversible. An example
food source or habitat changes, they can make usei®fe-evolution of reduced or absent peristomes here
other food or survive in another habitat. Specialistonsidered improbable though theoretically possible.
species gtenotopes on the other hand, are far more
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1. major morph diff
2. generalist

3. wide-spread

4. habitat specialist
5. asexual repro

6. local distribution
7. ancestral taxon
8. multiple infrataxa

B. unguiculata
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D. tophaceus
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. giganteus
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Plate 8.1. — Superoptimized evolutionary tree of 22 species of the moss@edymodon
(Pottiaceae), witlBarbula unguiculataas outgroup. The breaks in lines signify inferred de-
scendant lineages (stirps), here forming descendant clouddvimisupergenerative species
of the four (bold faced) core species (or main ancestral taxafjcBing integral lines show
genetic continuity at the species level. Codes refer to justifitator other features of in-
ferred macroevolutionary transformatiomidymodon fallaxand D. vinealis(bold) are the
most prolific ancestral taxa in terms of apparent descendanthebtwo are not well distin-
guished as to which is the ancestor of which in this cladobtdrthe latter is somewhat more
specializedDidymodon nigrescenandD. australasiaeare, however, by their deep nesting,
clearly descendants @. vinealisandD. fallax, respectively, although they themselves are
ancestral to specialized daughter species. Most nodes in thigreladoan be seen to be su-
perfluous as shared ancestral taxa different from the sistqugyrthat is, there are no true sis-
ter groups in this cladogram. But see discussidD. @sperifoliusbelow.

Following is a polychotomous natural key derivedor users because technical characters may be used
from the superoptimized morphological cladogram dbut also because only an artificial key can deal well
Didymodon(Plate 8.1). This key emphasizes serialith trait reversals. In any case this key matches the
macroevolutionary transformations, which comproevolutionary tree in Plate 8.2, but also details impor-
mises the usual key faculty of sequentially segregagnt distinguishing traits of the taxa in a macro-
ing trait combinations until each taxon is well distinevolutionary context. Note that a natural key may
guished. Thus, natural keys are not merely difficulbave more than two “couplets,” sometimes less.

—80-



Chapter 8Element 5 -Superoptimization and Consolidation

Prim. means “primitive” as in first of a macroevolu-is known). These are indented themselves if one is
tionary taxic seriesDeriv. Prim. means “derived seen as generated by another (as done in Natural Key
primitive,” that is, primitive in terms of its descen-to Didymodonbelow). Then equally indented under
dants but immediately derived from another taxoreach are the daughter species (even if there is only
Adv. means “advanced,” particularly, derived andne or if there are several). Then indented under the
specialized in some way and not inferred as the prdaughter species are their own daughter species and
genitor of a significant new evolutionary series, posso on. Blanks (no species given) represent unknown
sibly a dead end in evolution or simply most recent. ancestral taxa or inferred pseudoextinction events (as,
Didymodon rigiduluss. lat. is now considered for instance, the ancestral taxon Bf asperifolius
three separate species, and is represented in the &ag D. fallax). Then, for each line, add before the
by the evolutionary formula that indicates a theorgpecies (or blank) a description of the inferred “evo-
that the generalist speci@®&dymodon acutugiener- lutionary trajectory” or unique adaptive solution or
atedD. icmadophilusa species of higher elevationsevolutionary neutral advanced trait of that species.
with unusual undifferentiated basal leaf cells, an8pecialists can make informed decisions on this. The
also probably generatddl. rigiduluss. str., a species numbering is simply for the macroevolutionary level
of specialized wet habitats with small gemmae in leaff taxa from the tree base, with basal taxon being
axils. Readers will note that this natural key also usesimber oneThe number of indentations are equal to
autapomorphies as distinctions. macroevolutionary patristic distance from the base,
A natural key is difficult to comprehend if one isthat is, the level minus onReaders might try creat-
used to dichotomous keys. A natural key is moshg a natural key for well-understood taxa in their
simplistically constructed by listing major generativearea of specialization.
species (or a blank when no extant generative species
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Natural Key to Didymodon
la.Prim. Leaves lanceolate, reddish brown in nature, with a small ovalomi ventrally on costa near apex;
costa bulging dorsally, with quadrate to short- rectangulaxiatjceIIS' laminal papillae usually multiple;
peristome long and twisted, absent in a variety .. ...Didymodon vinealis
2a.Adv. Leaves shorter, leaf base squared; more ar|d habltats perlétomtam;d twisted or rudi-
MENTATY oo e e e e e e e e e e e e e e e e e e e e e e e e ae s Didymodon brachyphyllus
3a. Adv. Leaves with multilayered photosynthetic cells on ventralaserfof mid-costa;

sporophytes absent . . ..Didymodon nevadensis
2b.Adv. Leaves with bistratose ceIIs medlally, often across Ieaf peristong and twisted .

............................................................................................. Didymodon nicholsonii
2c.Adv. Leaf apex sinuose, bi-tri-stratose, deciduous as a propagolephytes unknown

............................................................................................... Didymodon murrayae
2d. Deriv. Prim. Costa much flattened, ventral stereid band absent, upper lareifalbistratose;

peristome long and weakly twisted ..........cccccceiiiiiiiennnnnnn. Didymodon australasiae
3b. Adv. Leaves very long lanceolate, basal laminal cells with slits; tparés long and

WeakIly tWISted ........evvveiieeieeeeieeecee e Didymodon umbrosus

3c. Adv. Leaves short-ovate, unicellular propagula in leaf axils; penstabsent to short,
SHAUGNT oo Didymodon revolutus

2e.Deriv. Prim. Leaves green or reddish in nature, costa not bulging dgrsihal laminal cells
only weakly papillose or smooth; peristome short and s$tréiglong and twisted ..........
Didymodon rigiduluss. lat., oDidymodon acutus> (D. icmadophilusD. rigiduluss. str.)

3d. Adv. Leaf apex cylindric, fragile in pieces as a propagule; perisgtraght, to long and

WeaKIly tWISTEd ......oeviiiiiiiiiiiiiiiieeee e Didymodon johansenii

3e.Adv. Leaf apex turbinate, deciduous as a propagule; sporophyte$ Biggnodon  an-
serinocapitatus

2f. Deriv. Prim. Moist areas; leaves narrowly channeled, papillae simple, recurvatdtear

............................................................................................ Unknown ancestral taxon.

3f. Adv. Mountainous areas; deep red plant coloration; stem central sfitancabsent, peris-
tome short and straight ..............cccoooviieecs Didymodon asperifolius

3g. Deriv. Prim. Moist sites; adaxial cells of costa elongate, papillae ussatiple; peris-
tome 1ong and tWISTed ............uvvvrviiiveesmmmmmm e eeeeeeeeeeaaeeeens Didymodon fallax
4a.Adv. Leaves ovate-lanceolate, usually without papillae, with saaitles or long de-
currencies, wet habitats; peristome short and straight, onedlgioudimentary or ab-
LS | PP Didymodon tophaceus
5a. Adv. Leaves long-acuminate lanceolate, with large auricles; sporopalytent
.......................................................................... Didymodon leskeoides
4b. Adv. Leaves usually without papillae, very wet habitats; peristoasely straight to
long and tWisted ..........ccccvvvvviiniiiiiiie s Didymodon ferrugineus
5b.Adv. Leaves much enlarged; sporophytes absentDidymodon maximus
4c. Adv. Leaves and plants much enlarged, laminal cells with trigonesy@pyte absent

................................................................................ Didymodon giganteus
4d. Adv. Leaved catenulate when dry, small spherical gemmae in leaf axitepbgtes

abSeNt. ..o Didymodon michiganensis
4e. Deriv. Prim. Leaves dark brown to black in nature, distal marginal acztaulate;
peristomes twisted to straight................coeeeeeeeeee. Didymodon nigrescens

5c.Adv. Leaves ovate, clusters of unicellular gemmae in leaf axils; spygexpabsent

......................................................................... Didymodon perobtusus
5d. Adv. Leaves dimorphic, the smaller strongly concave in seriesnie garts of the

plant; sporophytes absedidymodon subandreaoides
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Plate 8.2. — An evolutionary tree as a commagram (Besseyan cactus) derivedheom
natural key above, which itself was in part derived from thpemaptimized morphological
cladogram of 22 species of the moss gdbigdymodon(Pottiaceae), pluBarbula unguicu-
lata as outgroup, not shown here. Species epithets are indicatbe fiyst two letters that
distinguish them, other than the two major supergenerataeesD. vinealisandD. fallax.
The genu®idymodonpased on this evolutionary trae,split (later in this book) into six in-
ferred genera, represented by the two large and three somevetlar smmmas above (pads
of the Besseyan cactus). The question mark represents an infiekrezlvn shared ancestor.

One may find in Plate 8.1 that certain derive@nd other traits have not changed. Thus, changes and
species are nested more terminally on the tree thesversals that are recent or local on the cladogram are
their supergenerative ancestral taxon, even thoughmmre likely to be tolerated by the same set of other
multifurcation is expected because superoptimizatianaits, a kind of phyletic constraint. The potential
indicates they are all derived from that one ancestrahits that are most liable to change upon speciation
taxon. For example). giganteus, D. ferrugineus, D. are therefore not the entire set of 23 traits, but those
maximus,and D. michiganensisare nested beyond recently changed and compatible with the organism.
deep ancestdD. fallax. This may be explained as aTraits unlikely to change are core traits of the group.
kind of self-nesting ladder in which random traifThus, self-nesting ladders below and beyond the su-
changes that match those of other daughter specpesgenerative ancestral taxon should be expected,
will force nesting of some derived taxa, in addition tgenerated randomly among fewer than 23 traits.
forcing some derived taxa lower in the claBady- An exception to the pure dissilient genus concept
modon asperifoliuss associated with thB. vinealis (one core species with several descendent species) is
lineage in the morphological cladogram of Plate 8.1he existence of several highly modified stirps that
but this species is similar . ferrugineusexcept for are more similar to each other than to the core gen-
the primitive and conservative (for the entire groupgrative speciesSuch a case is with species similar to
trait of quadrate adaxial costal cells. D. murrayaeoccurring elsewhere in the world and

Though there are 23 traits in the data set, certamot included in this study. These are reviewed by Ot-
of those traits are more likely to change and be fixadyukova (2002), and could well have speciated
in a population because they have changed recendljnong each other rather than in parallel from the core
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species. A focused study may be able to elucidatienary tree is constructed from a natural key.
directions of taxic transformation. (2) A molecular analysis is done (preferably with
This evolutionary tree as modified from a cladomany sequences and many exemplars per taxon) and
gram shows clustering along the lines of the recoghe resultant cladogram is inspected for macroevolu-
nized sections of the genus (Zander 1993), thougionarily informative heterophyly, both same-tree and
these subgroups were neither confirmed nor rejectetbss-tree. The molecular cladogram is collapsed to
by Jiménez (2006) in his revision of Old Woild- one of only 0.95 or better credible intervals using the
dymodon.The tree thus matches in my opinion tdmplied Reliable Credible Interval method (page 59).
considerable extent the conclusions of classical tax- (3) The molecular cladogram is evaluated against
onomy. Of some interest are the large numbers tife morphological cladogram or natural key in the
clearly derived species as judged by geographic andntext of a Bayes' Solution using “coarse priors”
anatomical criteria, such that each ancestral taxon(&ee below) that represent evolutionary monophyletic
surrounded by a small or large cloud of descendantseliability of classical and morphological cladistic
In any case, in the original study, parametric bootwork.
strapping (Zander 1998) found good resolution at a (4) A final evolutionary tree is generated as a best
minimum of four nodes (see section on comparingepresentation of taxic serial macroevolutionary
morphological and molecular analyses, above). Theansformations. Of course, hybridy when known is
evolutionary tree is, of course, ultimately based oalso taken into account.
morphological descriptions from classical taxonomy, A molecular tree is considered corroborated if it
though limited by dichotomous structure and nonatches the results of classical taxonomy or morpho-
character weighting. This tree needs to be comparkxjical analysis. If this is the case then, logically, it is
with the results of a taxically densely sampled maiot only not corroborated, it is refuted to some extent
lecular analysis to see if heterophyly of the specids/ the incongruence. What extent? In the Bayesian
might confirm or reject the inferred deep ancestoiontext, a credible interval of more than 0.50 from a
obtained through omnispective superoptimizatiorsupportive study will increase the credible interval of
See discussion of the ITS study by Werner et aboth combined. The complement of this fact is that
(2005a), below. The aim is to determine an evolany study that establishes a result that conflicts with
tionary caulistic explanatory structure shared by clasnother study and has support for that other study less
sical taxonomy, morphological cladistics and mothan 0.50 must decrease the credibility of both studies
lecular analysis. combined. Thus, if one analysis shows a credible in-
An important feature of this example of superopterval of a particular clade of 0.95 and another study
timization is that although the cladistic tree is noshows support for the same clade of only 0.30, then
particularly well supported (Zander 1998), the addihe combined credibility (or posterior probability)
tional information used in superoptimization analysisising the Bayes’ Formula is 0.89 for that clade. It
distinguishes two clear caulistic lineages, and twgoes down, not up. Essentially, this means that con-
well differentiated smaller groups. The exact order dfary information, unless it can be shown to be irrele-
branch nesting from the ancestral taxon of the severalnt, cannot be ignored or merely explained away as
daughter species may be addressed, possibly, wih example of some general concept (homoplasy,
molecular information. The distinguishing of the aneonvergence, hybridization, etc.) that may be true in
cestral taxa is enough to begin a comparison wigobme examples but not demonstrable in the present
molecular analyses that will further try the evolutioninstance.
ary tree. One must remember that comparing a tree of
nested transformations to a tree of serial transforma-
Consolidation of classical taxonomy, morphologi- tions can introduce false expectations. A molecular
cal cladistics, and molecular phylogenetics— tree should always be reduced to serial macroevolu-
There are four stages for consolidating the results tbnary transformations, even if only the assumption
all known sources of on macroevolutionary transforthat a number of contiguous nodes of the same taxon
mation at the taxon level, exemplified here with  (at whatever level) implies that taxon as a single
dymodon shared ancestor of all evolutionarily monophyletic
(1) Morphological cladistic analysis based orexemplars. That which splits in a clade may be an
classical descriptions with proper weighting createsextinct shared ancestor as in the Hennigian scenario,
cladogram best reflecting classical information. It i®r a long-surviving ancestral taxon pupping off
superoptimized, as above, and a preliminary evolalaughter taxa, but both are conflated in phylogenetic
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nesting. ing in each section in the morphological cladogram is

If we are going to combine classical taxonomgmeared out, because the few traits in selective com-
with phylogenetics, then a common measure Isinations in related taxa easily reverse or parallel.
needed. In the Bayes’ Solution this means we mushere is also no reason parallelism cannot generate
use the credible interval (Cl) or the equivalent Bayeshe same descendant more than once, given the few
ian posterior probability (BPP). When dealing withtraits active for (or tolerated by) any particular set of
classical taxonomy, trying to apply the exact measore traits. Thus the macroevolutionary genus con-
ures of clade support seen in molecular analysis ¢gpt is paramount iDidymodontaxonomy and clas-
seemingly arbitrary or hyperexact. But it is possiblsification. Of course, other taxonomic groups may
to translate the kind of reliability viewed in classicahave different concepts as basic to their evolution and
systematics into Bayesian terms. One should notéassification.
that a molecular tree gives credible intervals for nest-
ing of specimens, which are oniyferred to repre- Coarse priors and the Bayes’ Solution— There is
sent all specimens of a taxon. no reason that probabilistic support as Bayesian pri-

ors need to be on a scale of 100 probabilistic inter-
The genus as basic element of evolution Nature vals. Such precision may be impossible to assess.
teaches us taxon concepts. We later may develbjere it is suggested that 10 levels of probabilistic
rules or ontogenies to guide taxonomic studgupport may in practice be estimated by informed
(O’Leary & Kaufman 2011). The superoptimizationscientific intuition for any taxonomic hypothesis, not
of the moss genuBidymodons. lat. indicates that it including 1.00 or zero. We can assign Bayesian
should be split into smaller genera in which the genusedible intervals to each. These levels of support are
is the basic element of evolution for this large grougoarse (or stepped) priors, which may be used in sys-
because, operationally, a core generalized specieddamatics for estimates of evolutionary monophyly.
progenitor of specialized descendants in the sariiéey are easy to use, and powerful.
genus and generalized progenitors in other genera. (1) “Five Sigma” (0.998 or better) super-certainty
This is agenus-level speciational burst or dissiliencdi.e., “quite certain,” “damn sure,”). Statistical cer-
associated with a named core speciéss an exact tainty is a real feature of some analyses, see Cohen
definition for a genus or other supraspecific taxon, #1994)
least for some groups. Most evolutionary speciational (2) Almost certain. Say, only once wrong out of a
bursts described in the literature are along a time gaundred times would the hypothesis be wrong. Ex-
dient, this is taxonomic. The whole genus is an evolypected level of correctness in critical research. As-
tionary unit (a core-and-radiation group) though spesigned credible interval is 0.99.
cialized descendants may be dead-ends. Simpson(3) Just acceptable as a working hypothesis; just
(1953: 392) discussed “explosive” adaptive radiatiorat the lower limit of supporting some action, like a
but did not associate it with an ancestor-descendammenclatural decision. Expected to be correct for
burst as above, but emphasized the rapid occupatioon-critical, easily reversible decisions 19 out of 20
of adaptive zones. times. Credible interval is 0.95.

In addition to specialization the descendent spe- (4) “Some support” is not alone decisive for ac-
cies of a widespread, multiplex core species may ltien. It can be narrowed down to half-way between
dead-ends because small groups that experience sieetain (1.00) and totally equivocal (0.50), or 0.75.
fluctuations are more apt to go extinct over timeUsing 0.75 as prior and 0.75 as probability yields
Raup (1981) applied this to genera and higher group90, then using that as prior and 0.75 again as prob-
in his simulations, but local, stenotypic specieability yields 0.96 as posterior. Thus empirical use of
should have the same problem. Bayes Formula with the answer to the first use being

Doubtless, irDidymodons. lat. as split herenost the prior for the second and so on indicates that per-
evolution of genus from genus occurs via modificahaps three occurrences of “some support” with no
tions of the supergenerative taxa so that the twistedntrary evidence is sufficient for action. Credible
peristome is preserved from one genus to anothémterval is then 0.75.

Each section oDidymodons. lat. consists of a large,  (5) A “hint” of support is certainly not actionable

core group of refractory, conservatitits, and a alone, nor are even several hints impressive. Using
small group of traits that change among the radiativ@60 probability as representative of a hint, being just
descendant species in response to selection. Thisyond totally equivocal, requires 0.60 to be used as
small group of traits is the reason that apparent nest-prior seven times in successive empirical analyses
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with Bayes' Formula, with no contrary information,not others (critical medical decisions), so a Bayes’
to reach 0.96. The credible interval for very minoGSolution must include an estimate of “risk if wrong”
support is 0.60. before a decision is made. The Bayes’ Formula itself
(6) Totally equivocal support probability (assumids only part of the Solution.
ing only two reasonable alternatives, yes or no, sup- There are situations in which a hypothesis with
port or refutation) is 0.50. Using 0.50 as prior irhigh, say, 0.90 support is apparently confounded by
Bayes' Formula does not change the probability. Aanother analysis with only 0.25 support for the first
example of an equivocal coarse prior is when one hagpothesis. But that second analysis of low support,
a multifurcation, e.g. ((ABC)D)E. Monophyly of A which would otherwise lower the joint probability,
and B is 0.50 probability, with neither support for nohas no one alternative hypothesis of more than 0.25.
against, in this cladogram. Support for monophyly ddoes that hypothesis at 0.25 probability then support
0.95 from another cladogram, say, (((AB)C)D)E, aler reject the first? There is extensive discussion about
lows acceptance of monophyly of AB. this (Salmon 1971), including arguments invoking
(7 to 10) Support against a hypothesis, is the r&ayes’ factors and maximum likelihood. Since the
verse of the above, that is, 0.40, 0.25, 0.05, 0.01 moblem must occur often, statitisicians need to deal
support “for” the hypothesis (the remainder for anwith it. | tend (as doubtless do others) to reject the
opposing hypotheses). See Table 8.1. second analysis as not relevant or helpful because too
Bayesian credible intervals may be non-intuitiveeasy to be the result of randomized data.
For instance moderate support might be expected to In addition, support for non-monophyly can be
be 0.25 probability that a hypothesis is right, sincesalculated with the Implied Reliable Credible Interval
indeed, 25 percent of the range is support. Yet a figsee page 59, also Zander 2003) from phyletic dis-
ure of 0.25 also includes, necessarily, the baggagetahce on a cladogram. Probabilistically there exists at
0.75 probability that the hypothesis is wrong. So iteast a single node at 0.998 probability between two
comparing two conflicting hypotheses, a coarse pri@tades distant by two nodes each with 0.95 support.
of 0.95 in support of a hypothesis means 0.05 in sup- Given that the Bayes’ Formula, if one does not
port of the other hypothesis. And molecular cladase a calculator (the Silk Purse Spreadsheet is avalil
support of 0.90 means 0.10 in support of the alternable online, Zander 2003b), is tedious, Table 8.1 al-
tive classical or morphological cladistic hypothesidows rapid estimate of Bayesian support for a particu-
So when the Bayes’ Formula is used to calculate supt hypothesis of monophyly given levels of support
port for a single hypothesis, one uses support only fllom an agreeing or conflicting hypothesis. The rows
that hypothesis, both above and below 0.50. Suppoepresent coarse priors as may be estimated from
of 0.80 for one hypothesis implies support of a@lassical and morphological cladistic study, while the
maximum of 0.20 for the alternative hypothesis. Icolumns are Bayesian support from molecular clado-
addition, a very high level of support, such as 0.9§rams, and the table gives posterior probabilities in
may be acceptable for action in some situations btlte grid.
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Coarse Clade support probabilities
priors

0999 099 09 09 08 080 075 070 0.65 0.60.55
0.999 [0.999| 0.999| 0.999 0.999 0.999 0.999 0.999 0.999 9%|90.999 0.999
099 [0999| 099 [ 099 0.99| 0.99 0.99 099 0.99 0.$9 0.90.99
095 |[0999| 099 [ 099 0.99| 0.99 0.99 098 098 097 0.90.96
0.75 [0.999| 099 | 0.98| 0.96/094 | 092 | 090 | 0.88| 0.85 0.82 0.74
060 [0.999| 099 | 097|093 | 090 | 0.86 | 0.82| 0.78 0.74 069 0.6
050 [0.999| 099 | 095|090 | 085 | 0.80| 0.75| 0.70] 0.65 060 0.5
040 [0.999| 099 (093 | 086 | 0.79| 0.73| 0.67] 0.6] 055 050 04
3
7

025 [0.997| 097 (086 | 0.75 | 0.65| 0.57| 0.50, 0.44 038 0.3 0.2
005 (0981|084 | 050 | 0.32| 0.23| 0.17] 0.14 0.11 0.09 0. 0.
0.01 0.910f 0.50| 0.16f 0.08/ 0.09 004 003 0.02 0.p2.02 | 0.01

5@01UIUI

Table 8.1— Bayesian posterior probabilities using coarse priors ¢t#ftmn) and molecular
branch support probabilities (top row) in Bayes’ Formilald faced probabilities are poste-
riors at 0.95 or above. Coarse priors given are: 0.99&(gertain), 0.99 (rather certain), 0.95
(support just acceptable to act on), 0.75 (moderate butendivk support), 60 (hint of sup-
port), 0.50 (equivocal, yea or nay), 0.40 (hint of suppgrinst), 0.25 (moderate support
against), 0.05 (sufficient support against to stand alan&), 0.01 (rather certain support
against). Coarse priors less than 0.50 are some suppdoutfaalso imply more support
against a hypothesis, thus all coarse priors less tharr@db@e the posteriors. Note that a
scientifically intuitive coarse prior of 0.999 (quite certdimyreases (via the Bayes’ Formula)
any software-generated clade support level over 0.50 to 0.999.

Table 8.1 demonstrates that coarse priors for more closely related to each other than either is to a
hypothesis of (evolutionary) monophyly developedat (or in the context of expertise a third fox, clearly
from classical taxonomy or morphological cladisticainrelated by some entirely reasonable criteria). An
when considered high (0.999, 0.99 or 0.95) in light amplied very high morphological coarse prior may be
all available information will be supported by mo-the unstated reason cladistics was long defended by
lecular agreement at any level of clade support 0.B8guments of parsimony, simplicity, and “converging
or higher. Quite certain (0.999) and rather certaion the truth.”

(0.99) credible intervals in molecular cladograms are There is a hidden limit to the ability of coarse pri-

little lowered by coarse priors. For example, only ars to deal with differences in classical, morphologi-
contrary classical hypothesis supported by 0.99 (the&l cladistic, and molecular analyses. It may well be
is, implying a prior of support for its contrary hy-that a coarse prior of 0.99 supports the clade
pothesis of 0.01) will refute molecular clade suppofAB)C,D, as does a molecular posterior probability of
of 0.999, while only one of at least 0.95 (meaning @.99. All this means is that nesting of A and B versus
coarse prior of 0.05) will refute clade support of 0.99C is very well supported given the data and evolu-
The 0.999 molecular clade support probabilities at@énary model. But if A is the ancestral taxon of both
simply examples of notional almost absolute ceB and C, e.g.A > (!B, 2C), then the nesting is biased

tainty. by an inappropriate evolutionary model (pseudoex-

In practice, molecular support of 0.999 would béinction), and the statistical analysis is misapplied.
reduced to 0.99 by a standard penalty of one percent Bayesian and classical likelihood analyses differ
for unaccounted assumptions (Zander 2007a). Witty the former allowing prior distributions to be in-
evolutionary morphologically based relationshipsgluded in calculation, but the latter does not. Both use
this level of support is common and both cladisticallyhe “likelihood principle,” that the likelihood function
and classically acceptable, see Cohen’s 1994 papentains all the information from the sample that is
“The world is round (p < .05),” such as two foxes areelevant for inferential and decision-making purposes
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(Winkler 1972: 390). This is somewhat circular as fakey, if we assume no or little extinction or non-
as phylogenetics in concerned because the informsampling of supergenerative core taxa. If the molecu-
tion is restricted to phylogenetically informative datdar study agrees with classical results, this is expected
and the inferences are about phylogenetics, i.e., siségrd is not support for the classical tree or vice versa.
groups. It is a sufficient statistic for phylogeneticdf it disagrees, and the morphological relationships
analysis, yet must not be interpreted as analyticalfre re-examined and found good, the statistical pri-
sufficient for macroevolutionary analysis. The use ahacy of the morphological relationships must be re-
coarse priors from classical and morphologicapected and the coarse priors remain in effect.
cladistic analysis is to help make a Bayesian Solution In two cases the molecular tree is informational.
a sufficient statistic for macroevolutionary analysis. (1) If the coarse priors are low in support for the clas-
sical tree or equivocal, then information may be
Preselection and coarse priors— Molecular analy- judged from general position on the molecular tree
sis is flawed by preselection of exemplars. Since mde.g., wrong family), avoiding biases like self-nesting
lecular clade support is entirely dependent on predadders. (2) When classical analysis cannot determine
lected exemplars, agreement is expected unless thareancestral taxon by clear macroevolutionary trans-
are biases (self-nesting ladders, pseudoconvergende)mations associated with environment and habitat,
If exemplars were selected randomly and an adequdten heterophyly is informative.
molecular sampling was made (dense sampling) of The use of Bayes’ Formula is well-justified in the
each taxon, then agreement of classical taxonorsgse of independent data, say, supporting some one
(including morphological cladistics) and molecularesult. In cases when molecular analysis involves
analysis would constitute support for whatever evolidense sampling of a taxon, e.g., comparing several
tionary inferences are discernable. If they disagrelrge families, the Bayes’ Formula with coarse priors
then equal support for two well-supported but corshould work well to evaluate combined results. In
trary results based on dense sampling yields a traddition, if one believes that the statistical properties
equivocal statement unless the molecular analysisa$ particular molecular data are such that a small
clearly compromised by a probable extinction (osample can represent what a large sample will reveal,
unsampled heterophyly) of multiple molecular linethen, again, the Bayes’ Formula will work with
ages of the same taxon. coarse priors. Molecular analysis is, however, most
Unfortunately, molecular exemplars are selecteghluable for the ability to infer deep ancestors from
from a cluster of taxa already determined by classich&terophyly of taxa represented by exemplars, which
taxonomy and informally superoptimized into a natuis a separate means of inference than superoptimiza-
ral key or classification. The results of the sparseljon of a morphological cladogram or natural key.
sampled molecular analysis should reflect the natural
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Didymodon murrayae VIN
| T Didymodon subandreaeoides FUS

10 Didymodon rigiduius
100k Didymodon mamillosus
Didymodon asperifolius EXO
Didymodon acutus USA

Didymodon glaucus

Didymodon tomaculosus

Didymodon acutus Europe DID

] DID

Didymodon icmadophilus Europe
Didymodon icmadophilus USA
Didymodon validus
Didymodon cordatus
93* Didymodon tectorum
— Didymodon umbrosus
Didymodon australasiae 2

] VIN

Didymodon australasiae 1
Didymodon bistratosus
Didymodon aaronis
Didymodon trivialis
Didymodon fallax GEH
Didymodon nicholsonii
Didymodon lamyanus

TRI

VIN
Didymodon insulanus

Didymodon vinealis
Didymodon ferrugineus -
Didymodon giganteus
Didymodon tophaceus
Didymodon erosus
Didymodon sicculus 1
Didymodon sicculus 2

GEH

Didymodon spadiceus

Didymodon maximus .
Didymodon luridus 2
96 &= Didymodon luridus 1

Plate 8.3 —Molecular (1TS) analysis ddidymodon(Pottiaceae, Bryophyta) modified from
Werner et al. (2005a). Species are grouped according to new ateggegera proposed in
this book. Genu¥inealobryumas a deep ancestor, is marked with a bold line. Bayesian pos-
terior probabilities from the Werner et al. (2005a) studygaven for cladedidymodors.at.

is segregated here into six genera: DIDidymodon(s.str.), EXO =Exobryum,FUS =Fus-
cobryum,GEH =GeheebiaTRI = TrichostomopsisyIN = Vinealobryum.
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i Didymodon subandreaeoides FUS
10 Didymodon rigiduius
100k Didymodon mamillosus
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== Didymodon acutus USA
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Didymodon tomaculosus
Didymodon acutus Europe DID
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100~ Didymodon icmadophilus USA
Didymodon validus
99 ¢ = Didymodon cordatus
= Didymodon tectorum
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i*== Didymodon aaronis

== Didymodon trivialis
LALLLEEREE = Didymodon fallax GEH
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VIN
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i Didymodon maximus .
9% Didymodon luridus 2
96 &= Didymodon luridus 1

Plate 8.4 —Molecular (1TS) analysis ddidymodon(Pottiaceae, Bryophyta) modified from
Werner et al. (2005a). Cladogram collapsed to all clades of atl€&sposterior probability
using the implied reliable credible interval (IRCI) formulaotied lines are clades corrected
to 0.95 support.

Didymodon and molecular analysis— The molecu- of the remaining genera, and as a deep ancestor is
lar (ITS) analysis oDidymodon(Pottiaceae, Bryo- marked with a bold line. Bayesian posterior prob-
phyta) (Werner et al. 2005a) did not show heterabilities from the Werner et al. (2005a) study are
phyly at the species level because most species wegieen for clades. Using the newly proposed genera
represented by single exemplars. The sections of tfielow), Vinealobryumis terminal on all clades but
genus are fairly well clustered, expected, of coursthat of Trichostomopsiswhich may indicate tha¥.
because of preselection of taxa. vinealisis leaving behind a trail of descendant spe-
The Werner et al. (2005a) cladogram of the maies. Plate 8.4, on the other hand, indicates that such
lecular analysis oDidymodonis presented in a modi- a conclusion is far too early because of lack of reli-
fied form in Plate 8.3. Species are grouped accorditadpility. There are signs of self-nesting ladders but
to the new segregate genera proposed in this bodkese are represented differently in the maximum
GenusVinealobryumis considered (from superopti- parsimony, minimum evolution and Bayesian clado-
mization of morphological cladogram) the ancestagrams (see Werner et al. 2005a) made with the same
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data. Given that the support values were rather lowmtact trait cluster, surrounded by a group of taxa with
more work is needed. Probably necessary for bettgradually a reduced trait complex.
resolution is a study with many examples of each In fact, we do see this in published cladograms of
species and with multiple sequences, and/or moBadymodon and the other genera of Trichosto-
rapidly mutating sequences or proteins, possibly reaoideae (Werner et al. 2005b), where taxa or groups
sulting in informative heterophyly. of taxa with long, filamentous, twisted peristomes
Plate 8.4 is the same cladogram as 8.3 collapségkeneralist structures associated as primitive in reduc-
to all clades of at least 0.95 posterior probability ugion series) are deeply embedded in the cladogram
ing the implied reliable credible interval (IRCI) for-among related taxa of short, long-triangular, straight
mula. This formula is, again, simply one minus th@eristomes, rudimentary peristomes, or none at all.
product of the chances of each of all concatenatddhus, it may be that the dissilient or burst genus ar-
arrangements being wrong (where the chance of b@ngement of a core species with a halo of reduced
ing wrong is one minus their Bayesian posterioiorms is the evolutionary group in the Pottiaceae (a
probability), see Zander (2007). This cladogramspray or a series of multifurcations). In the superop-
seems reliable even if much collapsed, but one mushized morphological evolutionary tree Didymo-
remember that branch order of three clades requirdsnthis same assumption is applied, that of a gener-
that the clades be scrutinized for multiple test prolalist, wide-ranging taxon as ancestral to morphologi-
lems (Chapter 15). cally and environmentally specialized descendants.
The functional effect of natural selection ois- This needs confirmation from studies that may detect
acting regulators on single genes have been recerttigterophyly in the same (molecular) tree or cross-tree
demonstrated in human evolution (Rockman et amolecular and morphological) pair.
2005). A silenced gene cluster is thought to degrade
over the passage of time, and if so, it may be that the
trait complex may degrade in stages. If so, then one
might expect to see a central group of taxa with the
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Plate 8.5. —Superoptimization and heterophyly in molecular analysis diagednThe bold
line indicates a deep ancestral taxon. (1) Typical inference of a deegtrahtaxon “D” in-
ferred from D1 and D2 extant exemplars. (2) Deep ancestral tB&Xanay, however, extend
to (AB). (3) Or to E. (4) Or “D” may be direct ancestral taxa all exemplars. (5) In the ab-
sence of heterophyly, there may still be a deep ancestral taxorf ‘ikaown identity that
may be perhaps inferable on the basis of data other than phgliy Demonstration of two
or more nodes in sequence attributable to the same named taxate®lhe fundamental
analytic assumption of cladistics—that two of any three lineagesemplars must be more
closely related. Superoptimization with information abgebgraphic distribution, apparent
adaptive specializations, and other traits can supplement hetertiphigferences of taxic
macroevolutionary transformations and aid adoption of a nadaimental analytic assump-
tion—macroevolutionary transformations at any taxon level. Ralation with a superop-
timized morphologicalcladogram is possible through postulations of self-ngdtidders in
one or the other of the cladograms.

Genera based on a dissilient genus concept Fhe presence in this cladogram of four clear major ancestral
speciesD. fallax, D. nigrescens, D. vinealadD. rigidulus,each with a cloud of derived species gives op-
portunity to recognize genera based, not on holophyletic cladesn caulistic clustering. Thus, theory is put
into practice. These findings match well the more recent classissifitations at the infrageneric level. Rec-
ognition at the genus level salutes the clear importance of gnesps as distinctive linear (as opposed to
nested) macroevolutionary transformatiobgdymodon asperifoliuson the other hand, is here recognized at

- 02—



Chapter 8Element 5 -Superoptimization and Consolidation

the genus level by its unusual morphology. An evolution@y summarizing the position of these segregate
genera in the family Pottiaceae is given in Plate 8.2. | haveou®yisuggested the splitting Bidymodon
along these line&Zander 1993: 158). The combinations given here are largade tfor the North American
representation of these genera, with which | am most fanfdiaen the large size @idymodons.lat., more
than 120 worldwide, additional combinations must be cemsitl by other specialists if this rearrangement is
accepted.

DIDYMODON
DidymodonHedw. — The generitype obidymodonsensu strictés D. rigidulusHedw. Di-
dymodon anserinocapitat@sdD. johanseniiin Plate 8.1) need no name changes.

TRICHOSTOMOPSIS

Trichostomopsisrecognized (again)}— Of the evolutionary tree specieBjdymodon aus-
tralasiaeis the type of the genu&ichostomopsisBoth this species ard. umbrosusare al-
ready in combination iffrichostomopsiat the species level.

TrichostomopsiLard., Rev. Bryol. 36: 73. 1909. Typeichostomopsis crispifoli&€ard.

Asteriscium(Mull. Hal.) Hilp., Beih. Bot. Centralbl. 50(2): 618933, hom. illeg. non
Cham. & Schlecht., 1826.

Barbula sect. AsterisciumMull. Hal., Linnaea 42: 342. 1879. TypBarbula umbrosa
Mall. Hal.

Didymodonsect.Asteriscium(Mull. Hal.) R. H. Zander, Cryptogamie, Bryol. Lichéna!.
383. 1981 [1982]. TypeBarbula umbrosaviill. Hal.

Didymodonsect.CraspedophyllorCard., Rev. Bryol. 36: 81. 1909.

HusnotiellaCard., Rev. Bryol. 36: 71. 1909. Tygdusnotiella revolutaCard.

KingiobryumH. Rob., Bryologist 70: 9. 1967. Typingiobryum paramicoldd. Rob.

Trichostomopsis revolutg§Card.) R. H. Zander, comb. nov.
Husnotiella revolutaCard., Rev. Bryol. 36: 71. 1909, basionym.
Trichostomopsis angustifoligWarnst.) R. H. Zander, comb. nov.
Didymodon angustifoliugvarnst., Beih. Bot. Centralbl. 16: 289. 1904, basionfhomo-
typic synonymDidymodon bartramiR. H. Zander)
Trichostomopsis bistratosgHebr. & R. B. Pierrot) R. H. Zander, comb. nov.
Didymodon bistratosudebr. & R. B. Pierrot, Nova Hedw. 59: 354. 1994, basiony
Trichostomopsis challaensi@roth.) R. H. Zander, comb. nov.
Trichostomum challaen$groth., Biblioth. Bot. 87: 30. 1916.
Trichostomopsis marginatunfH. Rob.) R. H. Zander, comb. nov.
Trichostomum marginatuid. Rob., Phytologia 21: 389. 1971, basionym.
Trichostomopsis paramicoléH. Rob.) R. H. Zander, comb. nov.
Basionym:Kingiobryum paramicolad. Rob., Bryologist 70: 9. 1967, basionym.

In the moss family Pottiaceae, the gefughostomopsisCard., of 10 species, has been
lumped intoDidymodonfor several years following Zander (1993). Further stdiynénez et
al. 2005) indicated thatrichostomopsidgs indeed distinct through advanced traits of bis-
tratose laminal margins, lack of adaxial stereid band, flattensth,cand tendency to the
unique trait of transversely slashed or perforated basal cele déaf. This is due in part to
the discovery (Werner et al. 2005a, 2005b) that the robustedn taxorKingiobryum pa-
ramicola, previously placed in Dicranaceae, was in fact deeply embedded raolgculthe
genusDidymodonof the Pottiaceae among two species of similar morphologgrG@hat this
distinctive species adds character by adding to the number oéspecavhich characteristi-
cally stabile, conservative traits occiirichostomopsishould be recognized as macroevolu-
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tionarily generated fromDidymodon (segregateVinealobryun). Molecular phylogenetic
analysis of this relationship (Werner et al. 2005b) saeksfiecies int@idymodonthrough
strict phylogenetic monophyly because it was deeply nesteditrgémus, but, if recognized
macroevolutionarily at the genus level to include relativesn tthe earliest name is
Trichostomopsisin thatTrichostomopsiss characterized by a highly reduced adaxial stereid
band in the leaf costa, afid paramicolahas such unreduced, then one might assume the lat-
ter is primitive in the clade though appearing terminal inviregner (2005b) cladogram. A
cladistic position forDidymodon bistratosusvas not given in the original morphological
cladogram, but its evolutionary position wiffrichostomopsiswvas clearly evaluated by
Zander et al. (2005).

Trichostomopsis paramicolaas been demonstrated (Werner et al. 2004b) to be molecu-
larly close toTrichostomopsis australasigélook. & Grev.)R. H. Zander, which itself is a
very close relative (intergrading in parts of the range) Wwitumbrosa(Mull. Hal.) R. H.
Zander. Given thal. australasiaas widespread in the world and has several closely related
but somewhat reduced apparent derived species in Asia and elseaxdenas a variably de-
veloped peristome, it can also be postulated as progeiiitichostomopsis paramicola,
which lacks a peristome, does have the unique transverselpagdit cells off. umbrosaa
species that grades info australasiaeThe gametophyte is robust, but although many primi-
tive taxa of the Pottiaceae occur in South America and are rolagsglene is not primitive.
The complete loss of the peristomelinparamicolais perhaps associated with long isolation
and different rates of evolution of gametophyte and spotepl8everal genera of the Pot-
tiaceae have distinctive gametophytes but variably reduced spwspg@ander 1993), im-
plying that modification of the sporophyte is generally enoapid, possibly through the
greater selection pressure of being structurally more expossaitonmental changes. Thus,
T. australasiaéhas more claim to being progenitor. It is possible thdeoutar heterophyly
in a densely sampled study might clarify this.

Trichostomopsis umbroga clearly derived with unique traits in very linear leaf shape,
and much modified leaf base, and is now worldwide as a hursaibdted weed in cities and
botanical gardens. A superoptimized evolutionary tree may stlpted as: T. umbrosa<
(T. paramicola< T. australasia®) < Vinealobryum A Besseyan cactus evolutionary tree
showing the derivation ofrichostomopsigrom Vinealobryum rin the context of the family
Pottiaceae is given in Plate 8.8. Superoptimized parenthetical eetatisns of caulograms
as above can be made by describing nesting in the usual WatheiiNewick formula, then
adding greater than or less than signs as arrows to shegtialir of generation of daughter
species. Critical ancestors may be boldfaced.

GEHEEBIA

Geheebiaa genus forDidymodonsect. Fallaces— The genusseheebighas been used in
the past only for the speci@eheebia gigantefi-unck) Boulay(synonymG. cataractarunj,

a physically relatively large taxon d@idymodonsect. Fallaces with distinctive trigones
(knots, or collenchymatous thickenings) in the cornersheflaminal cell areolation. Al-
though distinctive, the trigones appear weakly in other todpecies of the section and oth-
erwise this one species cannot be set apart at the genus level.

GeheebiaSchimp., Syn. ed. 2: 233. 1876. Ty@eheebia cataractarurBchimp.
Barbulasect.Fallaces(De Not.) Steere in Grout, Moss Fl. N. Amer. 1: 17488L9
BarbulasubsectFallaciformesKindb., Eur. N. Amer. Bryin. 2: 246. 1897. Typgarbula

fallax Hedw.
Barbulasubg.GeheebigSchimp.) Szafr., Fl. Polska Mchy 1: 213. 1957 [1958]
Barbula sect.Graciles Milde, Bryol. Siles. 117. 1869. LectotypBarbula rigidicaulisC.
Mull. fide Saito, J. Hattori Bot. Lab. 39: 601. 1975.
Barbula sect.Pseudodidymodoiindb., Eur. N. Amer. Bryin. 2: 246. 189#ipm. illeg.
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incl. sect. prior.

Barbulasect.ReflexaeMoénk., Laubm. Eur. 280. 192rpm. illeg.incl. sect. prior.

Barbula subsectReflexag(M6nk.) Chen, Hedwigia 80: 203. 194d49m. illeg.incl. sect.
prior.

Didymdonsect.Fallaces(De Not.) R. H. Zander, Phytologia 44: 209. 1979. T\Re-
bula fallaxHedw.

Didymodonsect.Graciles (Milde) Saito, J. Hattori Bot. Lab. 39: 501. 1975, semder,
Phytologia 41: 24. 1978.

DactylhymeniunCard., Rev. Bryol. 36: 72. 1909. Tydgactylhymenium pringleCard.

Limneria Stirt., Trans. Bot. Soc. Edinburgh 26: 428. 19156 {.imneria viridula Stirt.

Prionidium Hilp., Beih. Bot. Centralbl. 50(2): 640. 1933. Typ#&ionidium setschwani-
cum(Broth.) Hilp.

Tortula sect.FallacesDe Not., Mem. Roy. Acc. Sci. Torino 40: 287. 1838. &yportula
fallax (Hedw.) Turn.

Trichostomurnrsubg.ZygotrichodonSchimp., Syn. ed. 2: 169. 1876. Tygeichostomum
tophaceunBrid.

Geheebia fallaxHedw.) R. H. Zander, comb. nov.
Barbula fallaxHedw., Sp. Musc. Frond. 120. 1801, basionym.
Geheebia ferruginegSchimp. ex Besch.) R. H. Zander, comb. nov.
Barbula ferrugineaSchimp. ex Besch., Mém. Soc. Sci. Nat. Math. Cherbourdl88:
1872, basionym.
Geheebia laevigatéMitt.) R. H. Zander, comb. nov.
Tortula laevigataMitt., J. Linn. Soc., Bot. 12: 160. 1869, basionym.
Geheebia maxim&Syed & Crundw.) R. H. Zander, comb. nov.
Barbula maxim&yed & Crundw., J. Bryology 7: 527. 1973 [ 1974],ibagm.
Geheebia maschalogen®en. & Card.) R. H. Zander, comb. nov.
Barbula maschalogen®en. & Card., Bull. Soc. Roy. Bot. Belgique 41(1): 5308,
basionym.
Geheebia tophaceBrid.) R. H. Zander, comb. nov.
Trichostomum tophaceuBrid., Muscol. Recent. Suppl. 4: 84. 1819 [1818], bagion
Geheebia leskeoidd&. Saito) R. H. Zander, comb. nov.
Didymodon leskeoidds. Saito, J. Hattori Bot. Lab. 39: 508. 1975, basionym
Geheebia spadice@Mitt.) R. H. Zander, comb. nov.
Tortula spadiceaMitt., J. Bot. 5: 316. 1867, basionym.
Geheebia waymouthiR. Br. bis) R. H. Zander, comb. nov.
Weissia waymouthiR. Br. bis, Trans. & Proc. New Zealand Inst. 31: 43®91&asio-
nym.

EXOBRYUM

Exobryum, a genus forDidymodon asperifolius— This is a genus evolutionarily midway
betweenVinealobryumand Geheebia but with significant autapomorphic traits of its own.
Exobryumis not recognized on account of an extant core and radiatiariuse, but by an in-
ference that it is a fairly specialized remnant of a mostly extiogt and radiation group,
with distinctive conservative traitRidymodon asperifoliugan sometimes be immediately
recognized by a red-yellow translucency in leaves of dry plikesoiled paper. The adaxial
surface of the costa may have either quadrate or short-rectangigaimbel distal laminal
cells are also rather large compared to other taxdadpmodons. lat. The KOH reaction, as
well as the natural color of the lamina are sometimes lighgetayut usually quite red. Some
plants may appear green but the laminal cell walls are red uigtlemagnification.
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ExobryumR. H. Zander, gen. nov. TypBarbula asperifoliaMitt.

Plantae aurantico-virides, rubro- v. flavo-brunndas#a quum sicca translucentia; caules filo
centrali carentes vel filo debili, hyalodermide lauFolia triangularia vel ovato-lanceolata, in-
fragilia, guum madida valde reflexa, apice angustdate acuta, carinata atque per superficiem
adaxialem costalem anguste canaliculata. Costaliseduperficialibus adaxialibus in dimidio
distali folii quadratis vel breviter rectangularihuad apicem summam folii cellulis adaxialibus
costalibus quadratis praesentibus, sulco brevicakato fenestrelliformi carens; cellulae ducum
uniseriatae; stratum stereidarum adaxiale plerenpaesens e stereidis paucis parvis composi-
tum. Cellulae distales laminales unistratosae,eplans vulgo flavo-virentibus vel rubrescen-
tibus, maxime incrassatae, papillis saepe nutlierdum simplicibus, una supra quidque lumen
praeditae. Peristomium erectum, breve. PlantaeQn lerumque ex rubro rubro-aurantiacae
reagentes.

Plants orange-green, red- or yellow-brown, leaves traesitigvhen dryStemslacking central
strand or strand weak, hyalodermis absent; axilaigs of 4-5 cells, basal 1 brovireavesl.2-

-2.5 mm long, triangular to ovate-lanceolatéact, strongly reflexed when moist, apex narrowly
to broadly acute, keeled and narrowly channeledgalbe adaxial surface of the costa, margins
entire, broadly short-decurrent, revolute in low& or to near apex, often apiculate by a conical
cell. Costausually tapering to near apex, ending 1--4 celferbeapex or percurrent, 4--6 cells
across adaxially at mid costa, adaxial superfa@ds of the costa quadrate to short-rectangular in
the distal half of the leaf, quadrate adaxial dastls present at the extreme leaf apex lacking a
short, boat-shaped window-like groove bottomed fpélose elongate cells; costal guide cells
in one layer, adaxial stereid band usually pres#ing few small stereid cell®istal laminal
cells unistratose, 13--15 \mu wide, walls commonly yeiiwgreen to reddish in nature at high
magnification, very much thickened, papillae usualbsent, occasionally simple, 1 over each
lumen.Peristomeerect, shortKOH color reaction usually brick-red to red-orange.

Exobryum asperifolium(Mitt.) R. H. Zander, comb. nov.
Barbula asperifoliaMitt., J. Proc. Linn. Soc., Bot., Suppl. 1: 34. 1868sionym.

Exobryum asperifoliurhas leaves adaxially with a narrow medial channel about the width o
the costa at least at leaf apex, apex often apiculate by one or mmad celts, costa usually
percurrent, margins usually recurved, often to near the apeixalaoolor reaction to KOH
usually brick-red, occasionally orange. Leaves are strongly eeflard keeled when moist,
papillae when present simple, stem central strand usually aBgetialized asexual repro-
duction is absent. Peristome teeth are erect, notdadgtwisted. This species is widespread
northern moist mountainous areas on calcareousigrrack, moist calcareous soil, peatland,
streamside, generally in alpine areas at modevatigh elevations (500—-3700 m). It is known
for Greenland; Canada in Alta., B.C., Nfld. and iLghabr.), N.W.T., Nunavut, Yukon; U.S.A.

in Alaska, Colo.; also northern Eurasia.

VINEALOBRYUM

Vinealobryum, a genus for Didymodonsect. Vineales— Didymodon vinealignd related
species have always been distinctive by the usually stronglypapillose leaf cells. The
twisted peristome is has been classically uncomfortatilédpmodonwhich is often consid-
ered to have only the short peristome of the generitppeigidulus. Many “core” species
that probably generative speciesDidymodonhave been placed iBarbula a genus with
more commonly elongate and twisted peristomes, but correaiyateld tdidymodons. lat.

by the hyaline axillary hairs.

VinealobryumR. H. Zander, gen. nov. TypBarbula vinealisBrid. SynonymBarbulasect.
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VinealesSteere in Grout, Moss FI. N. Amer. 1: 174. 1938.

Barbula sect.RubiginosaeSteere in Grout, Moss Fl. N. Amer. 1: 174. 1938. Ty¥jee-
bula rubiginosaMitt.

Barbulasect.VinealesSteere in Grout, Moss FI. N. Amer. 1: 174. 1938.

BarbulasubsectVinealiformesKindb., Eur. N. Amer. Bryin. 2: 246. 1897. Tygdgarbula
vinealisBrid.

Didymodonsect.Vineales(Steere) R. H. Zander, Phytologia 41: 24. 1978. Lectoiype:
dymodon vineali¢Brid.) R. H. Zander.

Plantae brunneae vel rubro-brunneae. Folia extbresvato longe lanceolata, patentia vel late
patentia atque interdum quum madida recurva, dpieeacuta vel longe acuminata, folium
transversum concava Vel carinata atque secus migr@rfidaxialem costalem anguste canalicu-
lata, marginibus integris vel late crenulatis, ienin parte proximali recurvis vel recurvis vel
revolutis usque ad prope apicem, saepe per cellotamicam apiculata. Costa plerumque usque
prope apicem aeque crassa vel interdum medialibto rdilatata, percurrens vel in mucronem
latum breviter excurrens, cellulis adaxialibus sfigialibus costalis in dimidio folii distali quad-
ratis, ad apicem summam folii cellulis adaxialibustalibus quadratis nullis itaque sulcum
brevem, navicularem fenestrelliformem secus fungufai cellulis epapillosis, elongatis tectum
formans; cellulae ducum costales saepe 2 (-3pstat stratum stereidarum adaxiale saepe nul-
lum (plerumque pro hoc substereidas substitueredjul@e distales laminales interdum secus
margines folii bistratosae, parietibus vulgo flaAdridibus vel rubrescentibus, aeque incrassa-
tae, epapillosae vel papillis simplicibus vel imtgibus vel saepius spiculoso-multipicibus. Re-
productio asexualis propria ut pote gemmae axd|argerdum apicibus folii fragilibus. Peris-
tomium nullum vel rudimentarium vel bene evolututgua usque 2.5-plo torquens. Plantae in
KOH plerumqgue ex rubro rubro-aurantiacae reagentes.

Plants brown or red-brownStemswith central strand, hyalodermis absent; axillaayr$of 4-5
cells, basal 1 browr.eavesshort-ovate to long-lanceolate, intact, spreadingitiely spreading
and occasionally recurved when moist, apex braacllije to long-acuminate, concave across the
leaf to keeled and narrowly channeled along theialsurface of the costa, margins entire or
broadly crenulate, weakly recurved proximally toured or revolute to near the apex, often
apiculate by a conical celCostausually evenly thick to near apex or occasionallycinwid-
ened medially, percurrent to short-excurrent inr@ath mucro, adaxial superficial cells of the
costa quadrate in the distal half of the leaf, qatedadaxial costal cells absent at the extrenfe lea
apex resulting in a short, boat-shaped windowditave bottomed by epapillose elongate cells;
costal guide cells often in 2(-3) layers, adaxiatesd band often absent (usually replaced by
substereid cells).Distal laminal cells occasionally bistratose along leaf margins; wadm-
monly yellowish green to reddish in nature at higgmgynification, evenly thickened, epapillose to
papillae simple or irregular to more often spicalosultiplex. Specialized asexual reproduc-
tion as axillary gemmae, very occasional, leaf apicezesimes fragilePeristomeabsent or ru-
dimentary to well developed and twisted up to Bre$.KOH color reaction usually red to red-
orange.

High magnification might be needed to ascertainetkect hue of the internal distal laminal
cell walls. A “marker” character, not always present unique td/inealobryumis the absence
of the quadrate adaxial costal cells at the extriemieapex. This provides an elliptical window
(groove or colpos) revealing non-papillose elongats.cel

Vinealobryum brachyphyllum(Sull.) R. H. Zander, comb. nov.
Barbula brachyphyllaSull., Expl. Railroad Mississippi Pacific, Descr. Moss/etw. 4:
186. 1856, basionym.
Vinealobryum cordatunm(Jur.) R. H. Zander, comb. nov.
Didymodon cordatusdur., Bot. Zeitung (Berlin) 24: 177. 1866, basionym.
Vinealobryum herzogi(R. H. Zander) R. H. Zander, comb. nov.

—-97-



A Framework for Post-Phylogenetic Systematics

Didymodon herzogiR. H. Zander, Bull. Buffalo Soc. Nat. Sci. 32: 162. 198&85ionym.
Vinealobryum eckeliadR. H. Zander) R. H. Zander, comb. nov.

Didymodon eckeliaR. H. Zander, Madrofio 48: 298. 2002, basionym.
Vinealobryum insulanum(De Not.) R. H. Zander, comb. nov.

Tortula insulanu®e Not., Mem. Reale Accad. Sci. Torino 40: 320. 1838, bgsion
Vinealobryum luehmannii (Broth. & Geh.) R. H. Zander, comb. nov.

Barbula luehmanniBroth. & Geh., Oefvers. Forh. Finska Vetensk.-Soc. 37: 1885,

basionym.
Vinealobryum luridum(Hornsch.) R. H. Zander, comb. nov.

Didymodon luridugHornsch., Syst. Veg. 4(1): 173. 1827, basionym.
Vinealobryum murrayagOtnyukova) R. H. Zander, comb. nov.

Didymodon murraya®tnyukova, Arctoa 11: 345. 2002, basionym.
Vinealobryum nicholsonii(Culm.) R. H. Zander, comb. nov.

Didymodon nicholsoniCulm., Rev. Bryol. 34: 100. 1907, basionym.
Vinealobryum nevadens@R. H. Zander) R. H. Zander, comb. nov.

Didymodon nevadensi®. H. Zander, Bryologist 98: 590. 1995, basionym.
Vinealobryum tectorum(Miill. Hal.) R. H. Zander, comb. nov.

Barbula tectoruniMll. Hal., Nuovo Giorn. Bot. Ital., n.s. 3: 101. B%asionym.
Vinealobryum vinealgBrid.) R. H. Zander, comb. nov.

Barbula vinealisBrid., Bryol. Univ. 1: 830. 1827, basionym.
Vinealobryum vinealevar. rubiginosum (Mitt.) R. H. Zander, comb. nov.

Barbula rubiginosaMitt., J. Linn. Soc., Bot. 8: 27. 1865, basionym.

FUSCOBRYUM

Fuscobryum,a genus forDidymodon nigrescenand derived species— Although these are
largely species of North Temperate or subarctic areas, one of fugsepryum nigrescens,
is generalist and widespread, while the others are specialized dytbfail, comprising a
typical dissilient genus.

FuscobryumR. H. Zander, gen. nov.
Type:Barbula nigrescenbitt.

Plantae plerumque rubrae vel rubro- vel atro-braanéolia quum sicca appressa, patentia,
guum madida excarinata, monomorpha vel dimorphayveato lanceolata, folium transversum

adaxialiter late concava, base quoad formam ledigséncta, marginibus plerumque late recurvis
vel usque ad medium folii revolutis vel usque prape&em, minute crenulatis, ad apicem acuta
vel anguste acuminata, saepe leniter cucullatataGuescurrens vel in 2-4 cellulas sub apice
evanida, leniter attenuata, non valde calcarateillpiadaxiali e cellulis composito carens, cellu-

lis adaxialibus costalibus rectangularibus, cdlldlistalibus laminalibus in seriebus dispositis,
papillis ut videtur nullis sed in sectione transadir ut pote lentibus humilibus, complanatis vel

multiplicibus capitulatis, per lumen 1-3, luminibasatis, parietibus aeque incrassatis atque
leniter convexis perceptibilibus, in utrinsecusilz@e leniter convexis, unistratosis. Reproductio
asexualis propria interdum praesens ut pote itagikili gemmae unicellulares. Dentes peris-

tomii 32, lineares, recti vel 1.5-plo torquente® 100 um. Plantae in KOH rubrae reagentes.

Plants usually red- to black-brown, occasionally bricksred at apex yellow- or orange-brown.

Stems with central strand absent or presémavesappressed when dry, spreading and not
keeled when moist, monomorphic or dimorphic, otat&nceolate, broadly concave adaxially
across leaf, base weakly differentiated in shaegims usually broadly recurved to revolute to
mid leaf or to near apex, minutely crenulate, sg@xte to narrowly acuminate, often weakly cu-
cullate.Costapercurrent or ending 2—4 cells below the apele liggpering, not strongly spurred,

without an adaxial pad of cells, adaxial costalscedctangular, 2 cells wide at mid leaf grading
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to 4 below, guide cells in 1 layer; basal lamirgliscdifferentiated medially, walls thick, rectan-
gular, not perforatedistal laminal cellsin rows; papillae apparently absent but visiblsea-
tion as low, flattened to multiplex capitulate less1-3 per lumen, lumens ovate, walls evenly
thickened and weakly convex on both sides of lapdirsiratoseSpecialized asexual reproduc-
tion sometimes present, as unicellular gemmae in lalst Setaelongate Capsulewith peris-
tome teeth 32, linear, straight to twisted 1.5 sini®0—-60@m. KOH color reaction red.

Fuscobryunspecies occur on limestone or limy bluffs, commaoragr waterfalls, in northwest-
ern North America and eastern Asia, including timaadtyas, with outliers in mountains of Cen-
tral America. The crenulate distal laminal margins characteristic, and with the blackened col-
oration of the plant, diagnostic.

Fuscobryum nigrescenéMitt.) R. H. Zander, comb. nov.

Barbula nigrescenMitt., J. Proc. Linn. Soc., Bot., Suppl. 1: 36. 18b8sionym.
Fuscobryum norrisii(R. H. Zander) R. H. Zander, comb. nov.

Didymodon norrisiR. H. Zander, Bryologist 102: 112. 1999, basionym.
Fuscobryum perobtusuniBroth.) R. H. Zander, comb. nov.

Barbula perobtus#@roth., Hedwigia 80: 194. 1941, basionym.
Fuscobryum subandreaeoid€Kindb.) R. H. Zander, comb. nov.

Barbula subandreaeoiddégndb., Rev. Bryol. 32: 36. 1905, basionym.

Convergence —In Plate 8.6, the morphological classical study (i.e., match sections of the gddus
cladogram of the genuBidymodonwas superim- dymodol, lend credence to this particular cladogram.
posed on a principal components analysis (see ZanderThe groups of taxa in Plate 8.6 show some degree
1988 for details), which demonstrated convergence of convergence between them. Using the newly seg-
traits. The species are coded with the first two lettersgate genus names, convergence is apparent between
that distinguish the epithets. The species with no alidymodon anserinocaptatusand Vinealobryum
tapomorphies (therefore are potential surviving arsinuosum(correctlyV. murrayag; betweenVinealo-
cestral taxa) are shown with no branch, simply astayum brachyphyllumand Fuscobryum nigrescens
sisterless node (e.gD. australasiae, D. fallax, D. and between Vinealobryum nevadense and
ferruginascens, D. rigidulus, D. johansengind D.  Trichostomopsis revoluté&Exactly why convergence
vinealis. Only D. johanseniiis not supported as ais apparent between the groups needs investigation.
surviving ancestral taxon by superoptimizatiorThere is a clear association wiBeheebia tophacea
(above).Although longer cladograms may have dif-and Exobryum asperifoliunalthough each is at the
ferent dispositions of terminal taxa, the fact that thibase of different clades.

data set for the cladogram groups are derived from
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Plate 8.6.— Cladogram ofDidymodonsuperimposed on a principle component analysis
(Zander 1998). Species epithets are the first two letters igtatgiish them. Convergence
may be seen between species from all segregate genera recognizétiddire taxa in cir-
cles are inferred as intergenerically primitive and generefixebryum asperifoliurmay be

a remnant of a core-and-radiation group ancestr&bdbeebia Four taxa that lack sister
groups in this cladogram are those without autapomorpéunesthree of these four prove to
be also intergenerically primitive (circled). Thus taxa withautapomorphies, at least in this
cladogram, well predict inferences of being intergenerically ipvien (as deep ancestors)
based on nonphylogenetic information. Double dots marlseffregate genera recognized
here.

Physical principles and adaptive traits —There is the organism. A newly evolved wing cannot conser-
a large, argumentative literature on recognition ofative in an earthworm as it overburdens the organ-
adaptational and neutral traits, and here | add discusm. Adaptive traits can be distinguished from con-
sion of heuristics for distinguishing such. Consideservative traits by a demonstrated or at least correla-
the idea that conservative traits are only conservatitige functionality limited to a particular selective re-
(are relatively neutral) in a particular organismagime. This is sometimes obvious but often totally
Bauplan such that the trait may appear in multiplepaque. There are many publications (e.g., Bock &
selective regimes yet must be tolerable as a burdenymyn Wabhlert 1965; Bonner 1974; Lauder 1981; Nick-
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las 1992; Thomason 1995) that discuss morpholodgeaves to maximize the photosynthate produced dur-
cal form and function and attempt to infer functioring the short periods of the day of optimum available
from form in apparently unambiguous cases. Theraoisture and light. The adaptation is too simply ex-
are also modern attempts to use evo-devo (e.g., quatained. Apparently crowding is involved in some
titative trait analysis) to approach some understandray, what way is yet to be determined but possibly
ing. This includes analysis of epigenetic influenceshe mat is a single entity with moisture wicked from
Also problematic is the possibility of pleiotropy,the middle of the mat laterally to the juvenile plants
where a particular morphological structure is linkedround the circumference. That such is important is
to a hidden physiological trait, and is not adaptive butemonstrated by the desire of some taxonomists to
is a burden tolerated because of the value of tmame the juvenile plants as a different species (in my
physiological trait. Likewise, there are cases in whichxperience), based on only partial collections; mass
an organism occurs in a particular environment witgatherings demonstrate the physical and taxonomic
what seem obvious morphological adaptations to tlietegrity of the moss mat. The challenge of evo-devo
environment, but occurring the in the same envirorand biophysical experimentation is usually not some-
ment is another organism lacking such an adaptatitining the practicing taxonomist wants to do without
but unfazed. How does the practicing taxonomigechnical-team aid.
avoid speculation when trying to base taxonomy on Sometimes recourse to physical principles lends
conservative traits and avoiding adaptive or plastieverage to decisions about adaptation. In a discus-
traits, except to distinguish very close relatives? Tsion of the geometry of soap bubbles, Peterson (1988:
determine if a particular structure is adaptive in thél) reviewed the area minimizing principle of “a
manner it immediately suggests, first, one can judg#hysical system’s tendency to seek a minimum sur-
if there are alternative explanations and if so then thiace energy at an interface,” for instance, a crystal’s
sum of those alternative probabilities should not Bainique equilibrium shape is the one that has the least
larger than that of the obvious function, and preferaetal surface energy for an enclosed volume.” That is,
bly the obvious function should be massively plausthe least energy to enclose a given volume, a kind of
ble. A dubious hypothesis may have no rejective ahon-sphere equivalent of a sphere. Peterson com-
ternative, and may prove at least a tentative hypothgared the geometry of soap froth (Plate 8.7f) with
sis. Second, it would be valuable to demonstratethat of metal crystal grain boundaries. Soap bubbles
causal connection between the form and the functi@an meet superficially in three surfaces along the
(“look, it uses the wings to fly!”). Often this is alsoother surface of a bubble and generate angles of 120°,
limited to speculation. or internally in a bubble mass where six surfaces
Third, a heuristic may be used. For instancemeet at a vertex of a tetrahedron at about 109°. Stew-
Hugh lltis’ dictum that if a taxon occurs on an oceart (2011: 49, 141, 194) pointed out that the Fibo-
anic island never connected to the mainland, then thadcci series also results in a minimum energy con-
taxon cannot be used in vicariance biogeograptiguration, as in the double spirals of sunflower seed
analysis because it is demonstrably capable of lonigeads.
distance dispersal. A similar heuristic is that if one Biologically, this translates into the fact that soap
organism has an apparent adaptation to an envirdnibble cell geometry minimizes photosynthate
ment and a related organism with presumably neanheeded for a given plant structure by minimizing that
identical physiology lacks such adaption but occurstiructure, whether the organs (cells) are squashed
in the same selective regime, then this negates thgheres or elongate. Plate 8.7 demonstrates a trans-
form-function inference. An example is the mos$ormation series in the transverse section of a stem
Syntrichia caninerviswhich occurs in harsh, arid from the most morphologically complex and most
environments, and the plants dry out completely duprimitive member of the moss family Pottiaceae, here
ing the day. The moss occurs as a small mat ekemplified by the specie§immiella anomala
densely crowded stems. In the middle of the mathich has several internal stem features overlain on a
plants have leaves with long hyaline hair points. Bidgoap bubble geometry (figure a), throu@hiono-
small plants on the circumference of the mat havyema latifolium largely lacking the sclerodermis of
small leaves and lack the hair points. Thus one casupporting tissue (figure bRarbula costesilacking
not simply aver that hair points on leaves of this moske hyalodermis of what appears to be superficial
ensure that during the morning and evening dewyater transport tissue (figure djortula leucostoma
times of low insolation, light is guided to leaves, anthcking all but the central strand of (apparent) inter-
moisture is wicked to the photosynthetic parts of theal water transport tissue (figure d), through to
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Aloina bifronswith a stem section of only the basictive. This is probably part of an heuristic already used
soap bubble cell geometry. The last is compared witly alpha taxonomists, quite unknowingly, to distin-
soap froth (figure f). Because the soap bubble cejluish taxonomically important conservative traits
anatomy is clearly an adaptation for arid environfrom adaptive, labile traits, but the method should be
ments (yes, habitat and geography correlate with tii@malized because of its importance. Relative per-
species distribution), by minimizing photosynthateent of photosynthate-based tissue directed to an ana-
burden, then any of the primitive features that coriemical overlay of the basic soap bubble cell geome-
tinue to appear in the same environments are proligy might be a measure of relative adaptive impor-
bly also adaptive, being so important that photosynance of such a feature in a particular arid-land spe-
thate is shared with them. Thus, in species not in ariges.

lands, the same features of the stem may be conserva-
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Plate 8.7.— Transformation series in the transverse section of a stemifre most ana-
tomically complex and most primitive member of the mosslfaRuttiaceae, exemplified by
Timmiella anomaldfigure a), with complex features overlain on a soap butdilegeometry,
throughChionoloma latifolium(figure b) largely lacking the sclerodermis of supportisg ti
sue,Barbula costesi(figure c) lacking the hyalodermis of what appears to be so@niva-
ter transport tissud,ortula leucostoméfigure d) lacking all but the central strand of (appar-
ent) internal water transport tissue, throughAlaina bifrons(figure e) with a stem section of
only the basic soap bubble cell geometry. The last (figusesf)ap froth for comparison of
tendency to minimum surface. Figures a—e from Zander (8837, 147, 225, drawn by P.
M. Eckel), f modified from Peterson (1988: 64).

Other examples of superoptimization— The nam- resented by exemplars. This superoptimality is meant
ing of as many nodes as possible is necessary itopart to reflect the work of several authors (Aldous
maximize parsimony of any postulation of namelesst al. 2011; Funk & Omland 2003; Gurushidze 2010;
“shared ancestors” that are not assignable to taxa ré&eiseberg & Brouillet 1994) that supports the idea
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that pseudoextinction (disappearance of a progenit@nhusz 2007; Christenhusz et al. 2007) are known
after generation of two daughter lineages) is rarrom Carboniferous fossils, and have morphologi-
while paraphyletic scenarios, including local geoeally complex, plesiomorphic traits (thick-walled
graphic speciation, is common or even the rule (Fresporangium with annulus absent, borne on reverse of
1993). unmodified leaves, laminal hairs absent or simple,
Dollo’'s Law and biosystematics provide addi-stipules present) conservative for their group. That
tional data to help judge theoretical diachronic direczyatheales (Rothwell 1999) is an ancestral taxon for
tion of evolution though much ignored in phylogea number of other extant genera is independently
netic study. The mere recognition of paraphyly as aupported by fossils from the Jurassic, and several
ancestral taxon is a good example of Dollo’s Law isomplex, conservative, apparently interdependent
action. The polar bear apparently evolved recentlplesiomorphic traits (tree-habit, sporangium stalked,
about 200 Kyr ago, from the brown bear (Demastemnulus oblique, sporangium opening horizontally).
and Stirling 1981; Edwards et al. 2011). Molecular The comparison of morphological and molecular
evidence indicates it is apophyletic to the brown beatadograms (plates 5.1 and 7.3) discussed above for
paraphyletic group (Cronin et al. 1991). According tthe moss family Pottiaceae involves a character-rich
Hailer et al. (2012) nuclear sequences contradict thiBander 1993) taxorErythrophyllopsis(Cano et al.
and indicate, to them, that the polar bear is a mo2910) This genus is accompanied (phyletic propin-
ancient lineage than the brown bear, but no namedsity) in the morphological cladogram (Plate 5.1) by
given to the basal node assigned as polar bear as®leral other genera of similar morphology, so the
brown bear divergence on the cladogram. plesiomorphic, basal position is shored up. This is an
Being apophyletic to a brown bear group wouldmportant point in that clades at the base of a clado-
be incorrect if there were an extinct (or otherwisgram may be highly specialized through anagenesis
unsampled) basal polar bear molecular strain in addind lost of intermediates, but if cladistically nearby
tion to the terminal one. Evidence against such daxa are also of the same general morphology, then
extinct isolated polar bear basal lineage is the Dollextreme specialization is no longer of concern and
evaluation of the clearly advanced and specializaétle morphology may be taken to be primitive.
nature of the polar bear’'s morphological and other It is not clear now what the function may be, in
expressed traits relative to those of the brown beselection or development, of the plesiomorphic mor-
(Talbot & Shields 1996). Divergence of brown bearphological traits, but if they are lasting and conserva-
and polar bears likely involved a brown bear ancesive, they may be functionless and not particularly
tor, whether recent or ancient. burdensome on the organism for the general habitat.
Highly specialized traits likewise support theThat morphologically basal taxa likerythrophyllop-
apophyly of the Cactaceae against the paraphylesis (Plate 5.1) occur in distal portions of the molecu-
Portulacaceae (Applequist & Wallace 2001), becausa cladogram (Plate 7.3) among strongly apomor-
the families might be considered densely samplgthic, crown genera, indicates strong morphological
taxon-wise by summing the sampling of species istasis for the basal taxa and their traits, and Dollo’s
the family. That the apophyletic birds (Aves) are inRule applies in aggregate.
deed derived from paraphyletic “reptiles” is indicated
by fossil evidence of (1) sequence of appearance ®fiperoptimization of Tortella and Trichostomum
fossils in time, and (2) gradual accumulation of bird— Zander (1993) presented a set of reduction series
like traits in time (Paul 2002). The classification othat apparently obtained for th&ortella-Tricho-
the groups with strongly divergent adaptational fesstomumgroup. The series involved reduction in leaf
tures as separate grades (Mayr 1983) is, howevimgth and shape (long to short, long-lanceolate to
clear and objective in being process-oriented, as odjgulate), sexuality (dioicous to monoicous), and cap-
posed to using strict phylogenetic monophyly (holosule complexity (twisted peristomes, shorter un-
phyly) as a axiomatic principle. twisted peristomes, peristomes rudimentary or ab-
In the example of Schneider’s (2009) fern studgent). The series is probably only apparent in that
discussed above (Plate 7.2), Dollo’'s Rule involvingeveral levels of reduction may occur in the same
complex anatomical or developmental traits may b&peciational burst from one core generalist species,
assumed to operate by the authors’ note Ghatas but the series do signal that an evolutionary concept
andGinkgodiffer from all other living seed plants in like that of the speciational burst in genera is a likely
free-swimming sperm and the “nutrient-enhancenhodel.
ovule” before fertilization. The Marattiopsida (Chris-  Superoptimization in the moss family Pottiaceae
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of the Tortella-Trichostomumrelationships (Plate heterophyletic at the genus level, these are unstudied
8.8) is as followsTrichostomurmis a speciose gener- tropical species. The conservative trait\(lieissid of

alist genus, widespread in the worTartellais simi- tightly involute leaves and the species’ tendency to
lar in morphology and distribution but has the newlynonoicy further distance this genus from others in
evolved conservative trait of echlorophyllose leathe group, thus it may be theorized to be a separate
margins of elongate cells—this is also characteristimeage from progenitofrichostomumPleurochaete

of Chionoloma, Pseudosymblepharand Pleuro- is, in the Werner et al. (2005) molecular cladogram,
chaete A molecular analysis by Werner et albracketed by heterophyletic speciesTairtella, and
(2005b) of the Trichostomoideae demonstrates hetés-quite likeTortella excepting the advanced traits of
ophyly in Chionolomaimplying a deep ancestor gen-pleurocarpous sexual condition, modification of the
erating Pseudosymblephariseven if Chionoloma basal region of the leaf as a second area of distinct
seems morphologically somewhat more modifiedreolation, and relatively large size of the habit.
than the latter. BothChionoloma and Pseudo- There is no Dollo indication, such as chromosome
symblepharisare tropical and subtropical taxa, whilenumber, that indicates thaleurochaeteis more
Trichostomums widespread in both tropic and tem-basal thanTrichostomum.The autapomorphic traits
perate areasWeissia is separately derived from of Pleurochaeteare definitely unusual elaborations
Trichostomum Although someWeissiaspecies are unique in the Trichostomoideae.
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Plate 8.8. — A Besseyan cactus showing salient aspects of macroevolution amomgof
the ca. 80 genera of the moss family Pottiaceae. New segregate afebiglgmodonare de-
rived from the Barbuleae, which is indistinguishable frasitiBae in the Werner et al. (2004)
molecular cladograms, but classically a quite distinct trinpe®ptimization (see text) using
non-phylogenetic data provided the macroevolutionary transfirmadtseries ((fseudo-
symblepharis < Chionolom)@leurochaetg< Tortella) Weissid < Trichostomum Erythro-
phyllopsisis clearly a primitive genus, but its exact relationship apargenerative ancestral
taxon with other more advanced taxa is not clear, thus Petiieidnd Barbuleae are inserted
as place holders. Note embedded, derived families Ephemeraceae, Spisdeas) and
Cinclidotaceae.

Dollo evaluation — In the Dollo evaluation part of tween where Ephemeraceae appeared in the Werner
superoptimization, all genera are evaluated by coet al. (2004) cladogram and the base of the Pot-
sidering that an extinct (or otherwise molecularlyiaceae, an extinct lineage of Ephemeraceae basal to
unsampled) strain more basal than the next low#re Pottiaceae is not to be probabilistically counte-
lineage may have existed. The Dollo evaluation isanced. This means we can reasonably discard the
intended to falsify that possibility. The highly re-possibility of unsampled or extinct paraphyly with an
duced family Ephemeraceae in the Werner et ancestral Ephemeraceae as caulistically basal to the
(2004, 2005a) cladograms (see plates 7.3, 8.8) as rbpge family Pottiaceae and ancestral to many of the
resented by the genlEphemerumwas found to be Pottiaceae lineages. As emphasized throughout this
deeply nested in an urgroup named Trichostestudy, macroevolutionary transformational relation-
moideae. The Ephemeraceae was, prior to the Werrskips are theories, not “discoveries,” and may be
et al. (2004) study, thought to be related to the Dicrahanged if additional facts warrant.

naceae. Given that the large patristic distance be-
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CHAPTER 9
Element 6: Linnaean Classification

Précis —The Linnaean classification is simple, and simple is beatlémsifying organisms
in the context of multiple taxon concepts regarding compiessical relationships and
cladistic relationships. It represents differences by analgtie dif taxa, and synthetic group-
ings by ranks. All other evolutionary or biosystematifoimation is treated as supplemen-
tary, and is not included in the classification.

Both evolutionary and phylogenetic systematics usmnsistency between various phylogenetic methods
Linnaean-based classification in most studies. Lirand the fact that nesting is not a natural process. The
naean classification does not directly represent eithgeecond principle fails because only superoptimization
sequential macroevolution or cladistic branching besrovides fully informative common ancestry relation-
cause it does not directly represent processes in Isps.

ture. It is inappropriate for representing phylogenetic Linnaean classification provides an optimal, the-
monophyly as discussed by Schmidt-Lebuhn (20119ry-neutral ground for representing a diversity of
Nesting is not a process in nature, yet serial macrobserved evolutionary relationships or processes, and
evolutionary transformations are; but neither are ddoes not purposefully reject names that cause para-
rectly modeled by Linnaean classification. The limiphyly. Its best feature is that it is basically simple
tations of Linnaean classification are its stronglthough the rules of nomenclature may be tedious
points, the analytic (species) and synthetic (high@nd complex.

ranks) results of biodiversity study are clearly distin- Hull (1979) has pointed out that genealogy and

guished and rendered as hierarchical lists. divergence cannot both be represented in a classifica-
Lewis (1965) cogently assigned systematics twbon and be separately retrievable. This is acceptable
quite different goals: to preserve the neutrality of Linnaean classification,

which uses both nesting under higher ranks to signal
“One objective is to determine relationshipsimilarity, and contiguity (that is, separation in lists)
among organisms, living and dead, using everyp signal differences between similar taxa. Given a
means available. The second objective is to foseries of macroevolutionary changes of one taxon
malize the perceived patterns of relationships intmto another, higher ranks are simply evolutionarily
a system of classification.” “In pursuing the firstregions of the series, as discussed in Chapter Four,
objective, the taxonomist strives toward perfecElement One.
tion in his understanding of the organisms and Linnaean classification is probably the most im-
their relationship, a goal which is inherently unatportant heuristic developed in 250 years of alpha tax-
tainable and, consequently, provides assurancednomy. The nesting hierarchy of an evolutionary
the taxonomist that he need never become obstassification reflects the general developmental and
lete among scientific investigators. On the otheenvironmental constraints on macroevolution implied
hand, when he constructs a classification, his goby descent with modification of well-diagnosed taxa,
is not perfection, but simplification. Classificationi.e., a taxon with morphology limited by mutation
by its very nature requires that some level of deates, epigenetic control, and environmental strictures
tail be omitted in the designation of classes. Thie usually also limited in variation at the level of a
amount and kind of detail to be included in a colnew taxon to some similar diagnosable set of traits.
lective designation depends on the particular claBoth development and environment determine
sification and its purpose.” macroevolution, just as the two scissors blades of
formal method and environment determine decision
According to Wiley et al. (1991: 91), phyloge-theory (Gigerenzer & Selton 2001). Decision theory
netic systematists operate under only two basic prirs not about inferences but about deciding to take an
ciples. First, a classification must be consistent withction (Winkler 1972: 435). A Bayes Solution re-
the phylogeny on which it is based. Second, a classjuires a loss function that helps evaluate risk. Risk in
fication should be fully informative regarding thetaxonomy affects biodiversity analysis and conserva-
common ancestry relationships of the groups clasgien. Minimizing that risk means that taxonomic de-
fied. Note that the first principle fronts up to the incisions are critical and can cannot be passed off as
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minor with the excuse that taxonomy is easilypf similar morphology, are probably primitive. They
changed with new information, as has been the prashould not be taxonomically associated with other
tice in the past. Conservation analyses are not tpaylogenetically nearby taxa, except as being possi-
same as white-tower classical taxonomy. bly ancestral. They are best considered surviving
Standard Linnaean classification of groups mapgopulations of a progenitor with the same morphol-
be in part modeled or diagrammed by ancestoegy (at a particular taxonomic level) as the morpho-
descendant “Besseyan cacti” (e.g., Bessey 1915), lagically basal taxa. Thugrythrophyllopsis which
exemplified by, e.g., Denk and Grimm (2010), Wagmolecularly clusters wittDidymodonin Plate 7.3,
ner (1952) and Zander (2008b, 2009). Given pluralisnnot be grouped wittDidymodon, but instead
methodology, the standard classical approach to naxonomic grouping must follow morphological in-
menclature is adequate. Such classification servesfasences (Plate 5.1). These reveal evolutionary rela-
a well-hooked framework for a wealth of informationtionships more directly because such inferences are
from many fields. based on conservative traits, both adaptive and quasi-
Because there are seldom specimen exemplarsutral, while the appearance of the morphologically
(OTUs) in morphological parsimony analysis; théasal taxon may be scientifically explained as due to
morphological cladogram at best reviews and detais large self-nesting ladderErythrophyllopsis is
the relationships of classical taxonomy. While classprimitive (meaning ancestral and basal on a caulistic
cal taxonomy evaluates “local” evolutionary relationtree, e.g., a Besseyan cactus). Conservative expressed
ships of individual specimens and traits, weightettaits do not promote false relationships when pro-
morphological parsimony can provide a broad-basegenitor taxa are included in a cladogram with de-
summary of all such evaluations, the goal being scendant taxa.
detailed natural key or cladogram equivalent. Prob- One of the features that will be noticed in evolu-
lematically, morphological parsimony as commonlyionary classifications based on this Framework (or
practiced mixes equally weighted conservative anather pluralistic evolutionary systematics) will be far
labile traits, incorrectly posits convergences, and uskess nomenclatural and classification changes or
an evolutionary model that implies that of every thremodifications of classical taxonomic results. This is
OTUs, two must be more closely related, yet manyecause the Framework rejects the classification
processes are involved in evolution (Hérandl 2007jprinciple of holophyly (which requires that all in-
For instance, modeling surviving ancestral taxa yieldduded exemplars must be at one classification rank
a tree that is less parsimonious in length (increasimg lower), and offers methods of data analysis and
the number of trait changes) but more parsimoniou®nsolidation such as heterophyly (deep ancestors
in having fewer numbers of postulated taxa or entitiémplied by distant exemplars of the same rank), self-
(nodes). It is possible to unite in a robust fashi@ tmesting ladders (ancestral taxa rise higher in a mo-
scientific, empirical basis of paraphyletic taxa and thiecular cladogram by pupping off daughter taxa), pre-
evolutionary importance of both expressed traits arsglection allowance (if molecular relationships are
molecular sequences, and of both divergence addtermined from exemplars preselected from a natu-
shared ancestry (e.g., Brummitt 2003, 2006; Horandhl key, then agreement of molecular results with
2006, 2007; Horandl & Stuessy 2010; Zander 2007cnorphology is not support and disagreement is
Linnaean classification uses, as best possible, robably bias), and coarse priors (which allow con-
erarchical nesting and concatenate listing of namesdtusions from classical taxonomy and morphological
represent sequential evolution, is clearly incompletejadistics to be compared and melded with those
and is based on a theory not structuralism. It cafrom molecular systematics using the Bayes’' For-
however, preserve macroevolutionarily significaniula). This leads to a theoretical understanding of
scientific names for use in conservation, biodiversitgnacroevolution at the taxon level that deals with all
study, and other fields. information available and relevant. Such methodol-
Some taxa that appear basally in a morphologicabically pluralistic understanding retains a large frac-
cladogram may be found terminal in a moleculation of classical descriptive and evolutionary analy-
cladogram of the same taxa. These morphologicalbys.
basal taxa, particularly when grouped with other taxa
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CHAPTER 10
Systematics Reviewed and Recast

Précis— Oversimplification and the highly improbable has biasedqgenetics. The value
of cladistic study for serial macroevolutionary reconstrudsaeduced to—in morphological
studies—evaluation of relatively primitive or advanced taxa, astthction of taxa by auta-
pomorphies; and—in molecular studies—identification of deep &matdsxa via hetero-
phyly. The Framework is summarized.

Presented in this book is an outline for a new, post- “Pseudoextinction is the situation where a single
phylogenetic systematics addressing the more salient species lineage is transformed by phyletic evolu-
inadequacies of present methods, but conciliating and tion into a new species. The new species would
consolidating true advances in classical taxonomy presumably have been reproductively isolated
and phylogenetics using morphological, molecular, from the ancestral species had they lived together
and other evolutionarily important approaches. In at the same time but the process is totally different
botany, for instance, true advances might include all from speciation as studied by the evolutionary bi-
taxonomic novelties and the methods involved in ologist. Because pseudoextinction does not repre-
generating them in APG Ill (Angiosperm Phylogeny sent death without issue, instances of pseudoex-

Group Il 2009) and the recent influential tinction should be eliminated from the data before
phylogenetic classifications of the mosses by extinction is analyzed. This is difficult because it
Goffinet et al. (2008) and Frey and Stech (2089}, is usually impossible to determine whether a spe-

ceptingthe many classification changes based solely cies that is lost from the record actually died out
on rejection of macroevolution as a process to be rec- or whether it was simply transformed. In view of

ognized in classification, particularly names based on the growing consensus in favor of the punctuated
the simplifying but theoretically barren principle of equilibrium model of Eldredge and Gould ..., one

holophyly (strict phylogenetic monophyly). could argue that pseudoextinction is not a domi-
nant phenomenon, but good numerical estimates
Classical systematics and phylogenetics —# is of its frequency are not available. Pseudoextinc-

clear that classical systematics separates the cluster-tion at supraspecific levels cannot logically occur
ing by similarity of apparently conservative and ho- unless the higher taxon is monotypic and thus the
mologous traits and the intuitive analysis of macro- problem is serious only at the species level.”
evolutionary trajectories. Classical systematics can
profit from the directedness of phylogenetic analyses, Peripatric speciation is apparently common, and
with certain provisos. divergence may be only on the part of the daughter
Morphological cladistics suffers from the idea ofspecies, following the Court Jester hypothesis
Hennigian pseudoextinction as an anchor (Chapm#Barnosky 2001, 2005) that environmental perturba-
& Johnson 2002) for cladistic theory of evolution andions largely (or also) drive speciation. With no
its reflection in classification. Strictly, pseudoextincchange, stasis continues.
tion is simply anagenetic change in which one spe- Universal phylogenetic pseudoextinction is better
cies changes into another. Hennigian pseudoextilndewed as an imposition of classification practices on
tion requires the ancestral taxon to change into aevolutionary theory in that evolution is apparently
other whenever speciation occurs. This may be tlpposed to occur in the topology of a dichotomous
case in many sympatric speciation events in whidkey. The use of irrelevant anchors in decision theory
the Red Queen effect (two evolving taxa compete fas common (Chapman & Johnson 2002).
resources, Van Valens 1973, 1976; also Sternest & Molecular systematics suffers from a number of
Smith 1984) pressures both ancestral taxon and thmblems, outlined in detail above, but most impor-
daughter taxon. There is, however, no evidence of tkently in its inability to determine details of branch
ubiquity of phylogenetic pseudoextinction in evolu-order of taxa. It can determine details of branch order
tion. According to Raup (1981): of exemplars, which when paraphyletic, provide in-
formation on deep ancestors, but otherwise molecular
systematics introduces major aleatory biases when
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molecular clustering does not agree with groupingshanging conservative traits that apparently keep
determined by classical systematics. This pervasievolution in most cases (pace hopeful monsters)
problem is explained in the next section. “close to home.” In other words, it is the inertia of the

phylogenetic constraint of the heavy baggage of con-
The highly improbable and its consequences -# servative traits that militates, theoretically, against
has often been stated that any evolution event is irite idea of species usually making, not minimal, but
probable (Raup 1981), but associated informatioshort to medium phylogenetic jumps. The phyloge-
may establish phylogenetic relationships anyway. Seetic drag of the evolutionary ratchet of Levinton
Taleb (2010) for discussion of attempts to prediqtl988: 217) is also relevant here because it may fun-
(and perhaps also retrodict) highly improbable eventgel evolution through a narrow developmental re-
that are in fact quite common given the complexity aftraint. Although improbable speciation events that
nature, and are also deeply important. Does overddlave little or no historic data doubtless occur, such
similarity really imply shared ancestors? | think itevents uncorrelated with other data may be treated as
does in that there is no other explanation of groups ofinor noise (Taleb 2008: 261) during standard analy-
taxa that seem to be bound by theoretically slowlsis.

A6 F A5 E A4 D A3 C A2 B A1l
~/ /2 7 < J/ < J/ J J/ /7

Increasing change in tracking
sequences for all taxa

Plate 10.1 —Introduction of uncertainty in branch order analysis of mdé&atladograms by
improbable but common extinction (or non-sampling) evehts a deep ancestral taxon in
morphological stasis which may or may not survive toptt@sent in six lineages or molecular
strains—dashed lineés time passes morphologyftoes not change but molecular track-
ing sequences d& through F are descendant taxa, signaled by the break at thef ltlasie
lines. Any combination of Al through A6, and B througlineages, may be extant, and ex-
tinction (or non-sampling) cannot be estimated statisticllthis level because of improb-
ability with no relevant data on statistical distribution eoftinction of isolated molecular
strains of taxo\. Molecular estimation of branch order for any group s thighly dubious.

There are real improbable but common events thdbes not survive to the present (i.e., lineages Al
genuinely greatly affect systematic analysis. They aterough A7 are absent), then the nodes (breaks at
not amenable to statistical study because no informaase of descendant lineages) may appear to be shared
tion is readily available to infer a distribution. Anancestors undergoing pseudoextinction, but are actu-
example is the differential extinction of a deep ancesdly the same taxorA() at every node. If one lineage
tral taxon in morphological stasis as it generates der molecular strain of the deep ancestral taxon sur-
scendant taxa (Plate 10.1). If the deep ancestpr (vives (say only Al, or only A3, or only A6), then
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where it branches from the set of descendant tatain large families.
determines the sister group, yet all descendants of The main feature lacking from phylogenetic trees
are sister groups. If two (or more) lineages of the aare named shared ancestors that could be obtained
cestral taxon survive (say A4 and A3) spaced by orterough superoptimization (Element 5), or from cau-
or more descendants (e.g., D), then one has paliatically mapped deep shared ancestors of all exem-
phyly. If two lineages of the deep ancestral taxoplars of one taxon, that is, an ancestor at the same
survive but not spaced by a descendant taxon (sayaak as appropriate to include all heterophyletic ex-
descendant D is extinct or the ancestral taxon bemplars (Element 3). The main presupposition of
comes geographically isolated), then one has pseationality and all matters of fact is “no contradic-
doconvergence or parallelism (A3 and A4 are extatibn” (A is A and not non-A). Phylogenetics fails,
and molecularly distinct), possibly viewed as molecuthen, as discovery process through inconsistency be-
larly cryptic taxa. If no descendants are now extamveen analyses: (1) Between morphology and mo-
for Plate 1.1 (or if there were six isolation events fdecular analyses. Morphological relationships are
populations oA) and all lineages Al through A6 areconsidered relevant in phylogenetics but are not in-
extant, one might decide to recognize six molecularfjuential because morphological traits are mapped to
cryptic species. Although the fundamental transfothe molecular cladogram or buried in total evidence
mational macroevolutionary relationships of ancest@nalyses that simply match directly DNA and mor-
and descendants remains the same, extinction or nphological data. (2) Between taxa involved in para-
sampling results in different classifications. Thighyly and phylogenetic polyphyly on molecular
should be investigated and minimized. cladograms. Any heterophyly is “explained” by in-
Another improbable event is the generation fromomplete lineage sorting, convergence, paralogy, hy-
a deep ancestor of major taxonomic multiple descehridization, or recombination, and other molecularly
dant lineages each further producing descendant lifecused explanations. (3) Between phylogenetic (en-
ages of their own (e.g. Plate 7.3). Although the kintirely synchronic) and classical (often involving the-
of dead-end dissilient evolution like that hypotheery of diachronic taxic transformation) classifica-
sized forDidymodons. lat.(Chapter 8) in this book is tions. This is because phylogenetics is a method-
more likely, with multiple evolutionarily isolated based analysis that rejects caulistic explanations in-
descendant lineages, once an improbable multi-conelving scientific theory conciliating data that is not
generative speciation event occurs, as is apparengigter-group informative.
the case wittErythrophyllopsigChapters 5 and 7it It has been suggested that morphological cladis-
may form the central feature of a cladogram. Thiscs has little phylogenetic utility (Scotland et al.
feature may not be recognized as such, howev@Q03). This is because although it does reflect much
given lack of extant exemplars or just the inattentiothe same genetic continuity as does molecular trees,
given such a possibility associated with current pracaolecular trees are of specimens, not taxa, and ho-
tices. moplasy is, of course, a confounding artifact. Al-
though it has been demonstrated that morphological
Overview of the Framework elements —Evolu- signal can increase phylogenetic signal in combined
tionary systematics allows all methodological inferdata sets (Lee & Camens 2009), the increase in sup-
ences of evolutionary relationships in either nested port is doubtless in the realm of genetic continuity,
sequential orders, using all information, and thebut interpretation of the progenitor-descendent rela-
bases classification on implied macroevolutionariionships of the specimens used in molecular analysis
serial transformations. Cladistic systematics restrictemains problematic.
evolutionary inferences to nested orders and allows a As a methodology reflecting macroevolutionary
principle of classification (holophyly) to influencetheory, the Framework explains and coordinates as a
description of evolutionary relationships. Inference itransformative model both synchronic and diachronic
evolutionary systematics (Fitzhugh 2012) includeaspects of evolution of taxa, and requires a simple but
abduction (generating hypotheses), deduction amdfective classification scheme to reflect this. Lin-
induction, and reasoning by analogy. In cladisticsjaean classification, proven effective over 250 years,
inference is largely deduction from *“discovered’provides this, see Chapter 9. Phylogenetic theory is
nested relationships. Evolutionary systematics is venpt consistent in analysis of morphological and mo-
cautious about using molecular cladograms in evollecular data and in generation of heterophyly in mo-
tionary reconstruction and classification because $ecular analysis. It applies arbitrary principles in
few samples are used for each taxon, excepting canalysis of evolution and reflection of the results in
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classification, i.e., rejection of macroevolution, focuss in phylogenetics no effort to name nodes represent-
on synchronic relationships which can be preciseing shared ancestors beyond that taxon inclusive of
measured, postulation of multiple unnamed, unolal terminal taxa in the clade. The point made by phy-
servable entities as hidden causes that are unparsifogeneticists is that by simplifying to an integrable
nious in light of high probability of many surviving solution, classification can be put on a firm, “hard
ancestors, methodological insistence on pseudsecience” footing. Without inference of macroevolu-
extinction of a progenitor at every node, assumptiationary relationships, nesting ignores total evidence
that morphological data and molecular data directlgnd implies wrong evolutionary relationships. This is
reflect the same evolutionary processes, and strudmecause it is trivial, often unjustifiedly exact, or even
turalist rejection of theory as mere metaphysical exalpably wrong. In some cases in physics, too many
planatory narratives. The method of evolutionaryphenomenological adjustments to make everything
systematics proposed here is consistent, rejects fity (Feynman 1985: 190) can cause a theory to be
relevant data, and matches evolutionary theory. It igjected; in phylogenetics too little attention to ex-
the simplest pluralistic method that accounts for bogbanding theory to fit reality can be problematic be-
fact and theory. cause, in fact, everythinganfit.

One might remember, as a rule of thumb in deal- There are practices associated with phylogenetics
ing with modern methods of systematics, that oniat should be rejected for a new systematics to theo-
should not “test” facts of sister-group similarity andetically consolidate taxonomic methods that sepa-
the trivial assumption that such is due to unnamedtely yield disparate results:
shared ancestors, against theories of descent with (1) Shared ancestors are not named at the same
modification involving serial progenitor-descendantank as their derivative exemplars in phylogenetics
relationships. Facts always trump theories becaubecause this would result in paraphyletic groups, and
facts are well-documented observations and theoriaedes are simply used as place holders for the next
are more or less well-supported postulates or moddigyher inclusive rank. Thus, if followed to an ex-
of processes in nature, and are seldom proven. Thémeme, there are two alterative views possible (a) that
is no qualitative comparison. Thus, one should agpecies do not disappear at all but their lines are
what theories can one make from the facts rather thhonched as skeins into the “shared ancestor” of a
being satisfied with inconsistent cladograms? Evoldrigher rank, or (b) the “shared ancestor” is a decision
tionary taxonomists can advance theories, and goathde on the Second, Fourth or Fifth Day while the
theories always subsume atomized facts. Deity worked to create all life; that is, a Markov

chain of Creation would explain why it took all Day.
Oversimplification leads to consistency with other There is no evidence in a phylogenetic classification,
explanations — Although phylogenetics is inher- or a cladogram, or in the phylogenetic evolutionary
ently inconsistent as noted above, because it simpédinalysis that generated the cladogram, against either
fies to the extent that only integrable results are ob- species surviving a speciation event (macroevolu-
tained, it becomes, unfortunately, consistent wittion with extant ancestral taxa as promoted in the
“creation science” or phylogenetic baraminologyrramework), or of immutability of species (extinction
(Gishtick 2006). There are no factors beyond claimsossible but nesting explained otherwise as in crea-
that cladogram nodes or nested parentheses indictié@ism). There is no evidence for the second, but
unnamed shared ancestors that might be construedplenty for the first.
antithetical to creationism (Huse 1983; Kubicek (2) Mapping of traits on cladograms is commonly
1993; Poole 1990); . referred to as instances of evolutionary change, yet

In systematics, the supreme question of our tirteaits do not evolve, species do, so this is extreme
is whether to abandon macroevolution as a source atbmism and reductionism. Thus, trait changes
information for classification. Structuralism is attracimapped on cladograms may be used to infer only
tive, e.g., providing precision, often statistical cermicroevolution (minor genetic changes fixed in a
tainty, and sure, deductive methods of analysis, butspecies) and not macroevolution (one taxon evolving
is not good science because it rejects testable thedmym another at the same rank or lower). This yields a
that conciliates instead of relegates facts. The “shargedcroevolutionary rather than macroevolutionary
ancestors” of phylogenetic cladogram nodes implglassification. Modeling descent with modification of
hidden causes, and unnamable and unobservable etadka is avoided in cladistics. Mapping of morphologi-
ties. Although Einstein (Gilder 2008: 86) stated thatal traits or biogeographic distributions on clado-
every theory includes unobservable quantities, theggams is an attempt to transform evolutionary analy-
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sis from hypothesis and theory to lemma and thetdiscovered” by evolutionists, biogeographers, eco-
rem, i.e., from both deduction and induction to ddegists, and others as apparent real facets of evolution
duction only. even though there is no natural process represented
(3) The phylogenetic rejection of naming tredoy holophyly.
nodes is said to be due to the fact that if nodes were
named at some rank lower than that including aMultiple test problems, in short — All elements of
terminal taxa of the clade, then all branches of a tréleis Framework are influenced by the multiple test
would need to be collapsed because a taxon canpobblem. Multiple tests (or multiple comparisons) in
directly evolve from another of the same rank, acstatistics refers to mistakenly giving significance to
cording to the phylogenetic classification principle othe discovery of unusual results among many obser-
holophyly. Classification by holophyly (strict phy-vations, when such observations are expected to yield
logenetic monophyly) is, however, artificial and leadsuch unusual results probabilistically. For instance,
to degenerate (as a return to absolutism) nodiscovering a sequence of five heads in a row when a
evolutionary classifications. Holophyly has no ontoeoin is flipped 1000 times is not a discovery because
logical basis as a process in nature, that is, it is nibis expected as part of a statistical distribution. Bon-
refutable and so is not a scientific hypothesis (Knoferroni correction (Hochberg 1988; Holm 1979) or
1998; and see Bock 2004). It is ostensibly used f&@ontrol of False Discovery Rates (Benjamini & Ho-
simplifying taxonomy by “naming away” any prob-chberg 1995) are common ways to deal with clear
lems, but in doing so requires one to lump and spkind measurable instances of multiple tests. In the
taxa that represent macroevolution in classificatiomost simplistic method, one divides the alpha
Holophyly clearly eliminates representation of ancegehance of a false positive) by the number of tests,
tor-descendant evolution in classification. Thusg.g. if the alpha of accepting a phenomenon is 0.05,
nodes cannot be assigned scientific names (other ththen the alpha for accepting two instances is the alpha
a general and trivial attribution as ancestors belondivided by two, or 0.025.
ing to the general group of all taxa distal to the node Multiple test situations are common in modern
on the tree). Not naming ancestors gives them agstematics, and, as problems associated with statisti-
ineffable, metaphysical, and recondite substance.dal significance when working with large samples,
leads to faith-based taxonomy. occur throughout biology (Shrader-Frechette 2008).
These three points (apparent immutability of spdn classical systematics, traits supporting the best
cies, microevolution acceptable but not macrogrouping of taxa are the basis of sorting higher ranks,
evolution, and ineffable or mystical generation obut taxonomists commonly clearly state and discuss
species) are those of “scientific creationism” or phythe chance that the second best is or is not nearly as
logenetic baraminology, which uses phylogenetigood as a basis for a sorting, heuristically avoiding
software to group taxa by prelapsarian differencesicious ambiguity (van Deemter 2004). Bootstrap-
each a single immutable species. This does not insfiing techniques are helpful in evaluating support for
confidence in phylogenetics. contrary arrangements of cladograms. Problemati-
Using the results of phylogenetic sister-grougally, however, when higher taxa are delimited by
analysis, one can infer some ancestor-descendaptits in molecular treegxpressedraits involved in
relationships or one can have the principle of holaselection or as tag-along conservative traits are not
phyly, but not both at once. Since holophyly is not aecessarily best grouped, nor is there serious evalua-
scientific theory but only a classification principle, ittion of alternative sets of expressed traits such that
must be cast down. If the early idea that all mondhe molecular tree may be evaluated in a theoretical
phyletic groups must be named and these named bentext rather than as a discovery of a structuralist,
erarchically was abandoned (Wiley et al. 1991: 104xiomatic pattern. It is now common for phylogeneti-
alternatively using the “sequencing convention, Tists to “discover” a set of expressed traits for a mo-
because of a lack of enough named ranks, why netular taxon. Combinations of traits considered evo-
abandon the criterion of holophyly? The prevalendetionarily significant are already at hand in classical
of present-day paraphyly of classical taxa based alescriptions. This variant of the multiple test problem
expressed traits is good evidence for its prevalencewill haunt systematics as long as a new, but very
the past. The needless splitting and lumping assoanuch second-best, morphological description is “dis-
ated with the practice of holophyly (Zander 2007byovered” after expressed traits are artlessly mapped
vitiates the use of phylogenetic classifications bjo a molecular tree of sparsely sampled specimens,
other fields because biases are introduced that maydred leads to arbitrary selection of morphological
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traits in phylogenetically informed descriptions ofimpose a backwards or simply arbitrarily molecular
supraspecific taxa. (See Chapter 15.) tree nesting order; that genera may be recognized by
morphological gaps, apparently adaptive autapomor-
Review of the Framework —Modern phylogenetic phies, conservative traits, and by clouds of clearly
systematics provides sometimes quite artificial nanderivative species around intergenerically primitive
ing of nested sets in a cladogram, that is, represengmcestral species; and that at least in some cases gen-
tions of present-day phylogenetic relationships adra are operationally the basic unit of evolution.
exemplars. Much of evolutionary theory, particularly
concerning macroevolution, is not represented. TheTde simplest case— Now that we have examined in
is a close horizon of expectations that results in @gepth features of the Framework, consider then the
miniaturization of satisfaction associated with senesimplest case. An aphorism of phylogenetics is that
cent humans (Robinson 1992: 143) and, as is naf any three taxa, two are more closely related by
apparent, deconstructed fields of science. Classicdlared ancestry. When there is a multifurcation in a
taxonomy, morphological parsimony, and moleculacladogram, this gnomic axiom is usually “saved” by
analyses of phylogenetics include much norsuggestions that other data or more data will resolve
overlapping data, but, if these non-nested hypothegte problem.
(Cox 1961, 1962) are conciliated, without overem- Consider then three taxa, A, B and C, & in-
phasis on any one field, by recourse to the unifyinigrred as the progenitor (bold-faced by convention) of
caulistic dimension, such additional data can broadédinst B, then C (as determined by, say, superoptimiza-
what we infer about evolving taxa and their meaningion and molecular heterophyly). The evolutionary
rich representation in classification. formula isA > (B, 2C). Suppose also that C has re-
The fundamental ground is classical taxonomy, imersed one trait of those that supported all three, A, B
which conservative expressed traits are identifieédind C, as a group. Morphological analysis would
and many specimens and taxa are examined for ttesult then in terminal taxa ((A, B) C), with A and B
local evolutionary relationships between similasharing more traits than each with C. Molecular
specimens and their expressed traits resulting inaaalysis should result in ((A, C) B) because B was
multidimensional tensor-like data space (Koleckgenerated first and C last, and thus C shared more of
2002) that is investigated with heuristic strategieshe nearly constantly mutating molecular traits with
Numerical analyses (parsimony, phenetic clusterind than B.
of morphological data provide a needed broad, inte- Inveterate morphological cladists might argue in
grated view but are variously limited. Molecular datéavor of ((A, B) C) as a most parsimonious solution
reveal lineage continuity and past isolation events famvolving traits actually acted upon by evolution.
particular specimens from a limited 2-dimensionadFervent molecular cladists might throw out the mor-
vector data set, while molecular heterophyly allows phological result because there is fewer data and
mapping of inferred caulistic taxa. Differences bemuch convergence in morphological analyses. Both
tween morphological and molecular cladograms rere wrong because all taxa are equally related, and no
veal additional hidden, isomorphic, caulistic taxa asore data can possibly solve the problem when
synthetic, emergent properties. Superoptimizatiocouched as a need to find which two of three taxa are
minimizes superfluous unnamed and unobservabheore closely related.
postulated shared ancestors previously advanced as
hidden causes. A Possible Paradigm Change —n the Introductory
Discursive reasoning associated with biosystemathapter it was suggested that the cladistically ori-
ics and Dollo’'s Rule (Gould 1970) along with theented reader test him or her self as to whether reading
evolutionary ratchet of Levinton (1988: 217), helghe Framework protocols might have effected a kind
detail direction of evolution. After superoptimization,of paradigm change in thinking about the use of in-
one may infer a dynamic, process-based view of evisrmation on evolution in systematics.
lution that translates into a branching caulogram (or Questions the reader might now respond to in-
Besseyan cactus) rather than the static, hierarchicaljde: Are you alert to your own heuristics? Are you
classification-like view of a cladogram. Beyond usingempted to formalize them, and perhaps judge how
heterophyly to infer deep ancestral taxa, the thregneralizable they are to other taxa, and find out
most interesting features of the Framework are: thathy? Are you looking at cladograms now with some-
the heuristics of classical systematics are underlatining akin to superoptimization? Applying coarse
by physical principles; that self-nesting ladders magriors to morphologically or classically derived evo-
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lutionary relationships? Searching for informativdarly amenable to gauging support with coarse Bayes-
heterophyly? Feeling unease that some odd, nonintian priors resulting in coarse Bayesian posterior
tive branch orderings may be due to extinct or otheprobabilities for macroevolutionary transformations.
wise unsampled extended paraphyly? Do you sear8ich support would involve coarse but empiric priors
for self-nesting ladders or serial transformations th&tom classical taxonomy, cladistic morphology, and
explain disparate morphological and moleculamolecular phylogenetics. See Chapter 14 for a first
cladograms? attempt to estimate posterior probabilities for
If you find that you now at least agree with Rmolecularly based macroevolutionary transforma-
Brummitt that paraphyly is an important source ofions.
evolutionary information that should be reflected in One might expect, if the method is widely ac-
classification, or, if by some miracle you find yourcepted as valid, that software will be developed to
self looking favorably on the Framework method$elp integrate facts (well-documented observations)
proposed in this book, then you have experienced &amd good theory (well-reasoned inferences) that hang
the small a paradigm change of some potential inbegether (form congruent evolutionary diagrams).
portance to systematics. You must, however, also ashkis, from a total evidence perspective, can be sup-
yourself if the new paradigm is good science. Not afforted by coarse Bayesian posterior probabilities.
attractive new scientific solutions to old problems ar8uch software must deal with multifurcating natural
such. It is here hoped, however, that you will finkeys generated by well-informed scientific intuition,
that this book is a true contribution to scientificallysuperoptimized dichotomous cladograms based on
retrodicting evolution and using inferred serial macenly somewhat parsimonious data, and heterophyly
roevolutionary transformations to inform classifica-and self-nesting ladders in sparsely sampled molecu-
tion. Given that examples are given, the existendar trees, and, then, superimpose lines of congruence
theorem (Reynolds 2007: 444) operates, namely that macroevolutionary transformations at the taxon
it is always much easier to find a solution when yolevel. Then, calculate support for such lineages in the
can be confident that one exists. You can accept thentext of a Bayes’ Solution (decision theory dealing
macroevolution-in-classification meme or reject itwith risk of being wrong). As noted previously, the
but you as a responsible scientist will never totalljnaximum parsimony or maximum likelihood solu-
forget it. tion is for a tree with identified instances of budding
The Framework is presented as the refinementolution, identified previously through superoptimi-
and consolidation of a set of powerful new and clagation with morphological traits. Such trees are not
sical methods addressing the complex, environmesinply longer or less likely than present-day analytic
tally critical, and ever-imposing mysteries of evolucladograms, they are the maximally short or likely
tion, biodiversity, and classification of nature. Lordoossible given instances of budding evolution. All the
Dunsany observed, “A man is a very small thing, anabove is far more complex and imprecise than pre-
the night is very large and full of wonders.” sent phylogenetic practice, yet avoids the pitfalls dis-
cussed at length above.
The future — The treatment of superoptimization The Framework does not reject phylogenetic
and consolidation (Chapter 8) is somewhat inconmethods, instead finding relevant evolutionary in-
plete in that the evolutionary tree (Plate 8.2) is ddermation (e.g., primitive vs. advanced taxa, deep
rived largely from classical and morphologicalancestral taxa) where previously unappreciated. Thus,
cladistic studies, the relevant molecular tree beimgodern laboratory methods including DNA sequence
sparsely populated and therefore with little suppognalysis and statistical methods are supported as
for contradictory results. The point of the Frameworkaluable. Jargonistas will revel in new specialized
is to provide an overlay or congruence of the seriggrminology (see Glossary) without giving up their
macroevolutionary transformations inferred fronfamiliar patois. As noted elsewhere, the Framework
classical taxonomy, morphological cladistics, angromotes a win-win positive-sum game (Wright
molecular phylogenetics. Such congruence is particd001).
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CHAPTER 11
Conservation and Biodiversity

Précis —Scientific names of rare and threatened taxa may be fully aliednor be buried
among a multiplicity of superfluous similar names, becausdassification practices associ-
ated with molecular taxonomy. Epistemological extinction rendifisult or—for the taxo-
nomically uninitiated impossible—the recovering of sunk naofesiodiversity importance
or the distinguishing of a truly important taxon in fitdl range from equally or even more
rare minor molecular variants of the same or related taxa. Exaarplesovided.

As discussed above, modern phylogenetic analydlse most coarse manner may be mitigated in part by
and classical evolutionary systematics are commonphylogenetic methods.
at odds because phylogenetics is now presented as a2) Morphological cladograms present (mostly)
kind of “hard science,” based on statistics and DNAaximum parsimony trees of nested sets of trait
sequencing, while “traditional classification” is rep-transformations away from an apparent primitive
resented by practitioners of the former as intuitivgplesiomorphic) set of states, the latter usually con-
subjective and arbitrary. Both schools of systemati¢sbuted by selection of an outgroup taxon. Evolution
create modern classifications by evaluating the rés represented in morphological cladograms by trans-
sults of evolution in a group and then basing classiffermations of sets of traits of taxa based on descrip-
cations on that evaluation. Phylogenetics emphasizitsns developed through classical systematics. The
highly precise and apparently accurate molecul@ransforming traits that are mapped on the cladogram
trees, while evolutionary systematics treats all inforare both labile and conservative characters from clas-
mation equally by applying an overarching evolusical descriptions but are weighted equally. Conser-
tionary theory, and, though not a “soft” science, igative traits may be conservative only for certain
not as precise as the former. That overarching caugoups. Additionally, the dichotomous nature of
ally explanatory theory is macroevolution, of taxaladograms imposes an artificial structure on evolu-
changing from one to another through time in a cation.
listic tree space or diachronic world-line, as opposed (3) Molecular trees are variously assembled
to phylogenetic’s taxa nested terminally in a cladistithrough maximum parsimony analysis (as in mor-
tree space caulistically filled with unnamed, ad hophology), or maximum likelihood or Markov chain
“shared ancestors” as analytic placeholders. In cladistonte Carlo Bayesian methods. These trees do ap-
tics, the nodes are simply dichotomously clustergobrently represent genetic continuity and isolation
synapomorphies, in phylogenetics universally treatezl/ents associated with the specimens used as exem-
as pseudoextinction (the analytic software remairmars, but not necessarily speciation events associated
the same for both). This practice preserves the prewith the taxa the exemplars represent. This is due to
sion of statistical analysis but abandons wellbncertainty contributed by extinction or non-
supported hyoptheses of taxon transformations bassaimpling of extended paraphyletic lines or molecular
on sets of conservative expressed traits that are avatirains. The traits are mostly non-coding sequences
able from classical systematics. usually assumed to be unbiased by differential selec-
There are three patterns that are treated in diffetien.
ent ways by phylogenetics and evolutionary sys-
tematics. These are: These three patterns give views of different as-
pects of the evolutionary process, and are not equiva-
(1) Classical systematics produces classificatiorient, thus one is not necessarily better at charting evo-
of hierarchical sets of taxa. These are based on tdution through time (as Darwin’s descent with modi-
distinguished by overall similarity of conservativefication of taxa) than the others. In modern phyloge-
and apparently homologous traits. These are alsetics, morphological traits and traditional classifica-
clustered by non-sequential distinction of major evaions are relegated or “mapped” onto a molecular
lutionary transformations at the taxon level assoctree, i.e., treated as epiphenomena. The three patterns
ated with habitat change and other criteria. Conservshould, however, be treated as “non-nested hypothe-
tive traits are those stable at different collecting siteses,” that is, models that cannot be obtained from
and across different habitats. The difficulty of diseach other by parametric restrictions or as a limit to
cerning transformations at the taxon level in all budan approximation (Cox 1961). Actually, one pattern
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is not a superset of the others, nor are they epipHE0 years, in which new names are commonly evalu-
nomena of any one. The assumption that one aated against species recognized in recent mono-
only one pattern is fundamental and other patterggaphs. The hoary species of the taxonomists of by-
and data may be relegated to that one fundamengmine geographic exploration times had little evolu-
pattern is “structuralism,” which | have discussed datonary or morphological/anatomical context, and,
length as a retrogressive force in modern systematigven the myriad present and potential synonyms, are
(Zander 2010). Wishful thinking about advancingresently useful largely as preliminary sortings. Thus,
science by focusing on the precision of molecularoth the word “species” and the word “description”
trees and relegating other patterns to one weklire not comparable in the Costello (2013) study in
supported tree contaminate phylogenetic classificauch a way as to estimate a slow-down in species
tions with unreasonable assumptions and extremedgscription implying that two-thirds of all species
biased representation of the results of evolution imave been discovered (that is, 1.7 million described
classification. The relationship between phylogenetiaf 2.5 million total). Why do | mention this study
analysis and conservation (Mace et al. 2003) must here? Because conservation study is loaded with such
viewed with concern, as problems in the former mus¢éndentious nonsense, and the practitioner must be
affect the latter. wary. The same inexorable logic on faulty assump-
Conservationists who need general systemations leading to false conclusions occurs in any black
classifications for the plants that are not biased Hyox solution. A similar problem exists in the case of
strict phylogenetic monophyly may found their sysmassive accumulation of atomized phenotypic traits
tematic data sets on the work of Thorne (2007) or ¢Burleigh et al. 2013) and molecular sequences that
Heywood et al. (2007), following the evaluation ofare intended, after computerized sister-group analy-
Stevens (2008) who compared modern major classis, to “provide a baseline for conservation manage-
ficatory works. See also the fairly recent work ofment plans...” (Stech & Quandt 2010).
Brummitt (1992) and Stuessy (2010). There are many
more directed conservation analyses, like the basalneutral, well-hooked systematic framework —
clade study of Moron et al. (1996), that purport té&\ framework for analytic classification that mini-
identify taxa important for conservation by their dismizes evolutionary bias and yields a classification
tance on a cladogram. Because many cladogranmore theory-neutral than that of phylogenetics was
nodes represent imaginary shared ancestors (and snggested by Zander (2010). Evolutionary theory
does not know which represent hypotheses and whiplomotes consistency, but the specious precision as-
placeholders for assumptions of pseudoextinction thebciated with restriction to synchronic relationships
ensure complete resolution when there is none), sugtust be abandoned. The complexity of evolution can
studies are may be highly biased. There are enoughly be represented by a classification based on both
problems in conservation and biodiversity analysisynchronic (clusters of present day taxa) and dia-
(Ahrends et al. 2011; Costello et al. 2013; Pitman &hronic (theoretical progression of taxa as descent
Jorgensen 2002; Thomas et al. 1994; Tillman et alith modification) relationships.
1994, but see Liu 1993) without the phylogenetic Taxa of higher rank can be scrambled if macro-
impediment affecting dealing with an estimateabvolution is rejected in classification through the phy-
713,000 threatened species (Pitman & Jorgenskmgenetic principle of holophyly. Consider a terminal
2002). Major works are now being published thagroup in a molecular cladogram: ((Al, B)(A2, C))....
attempt to advise conservationists on the basis ofThis clade is balanced between two groups, with ge-
mix of informed common sense and dubious phyius A split with one exemplar closer to the exemplar
logenetic analyses (e.g. Purvis et al., eds. 2005).  of genus B and another closer to the exemplar of ge-
Costello et al. (2013) have suggested that in spiteis C. Evolutionary systematics would recognize the
of increasing numbers of taxonomists and their use paraphyly of genus A, and postulate as a progenitor
better sampling and analytic techniques, the numbedexon A for all extant exemplars, with classification
of new species described per taxonomist are dimipresenting three genera A, B and C. Phylogenetics
ishing. They suggest as explanation that about twarould either recognize one genus A with four spe-
thirds of all species have already been discoveredies, or four genera, with one exemplar of A repre-
Their study is flawed in that shotgun approaches tsenting a new cryptic genus. The generation of new
pre-1900 taxonomists provided an inadequate set @énera based solely on splits in a molecular tree does
new species names to compare with the more caret reflect macroevolutionarily important transforma-
fully analytic contributions of taxonomists of the pastions.
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Choice of taxa for conservation concern is diffiwhere specialized taxa are less likely to generate
cult but evolutionary evaluation as suggested in thigher taxa of different specialization than are general-
book may provide an additional perspective. Taxaed taxa, particularly when special environments are
low in a morphological cladogram but high in a mofew and far between. (2) Phyletic constraint, where
lecular cladogram may be inferred as long-survivinghe range of possible viable new taxa is limited by the
ancestral taxa. Given the dissilient species concapbrphology and physiology of the ancestor. (3)
(Chapter 8), protection should be extended to rafgouldian “wall” (see Gould’s 2002: 893 speciational
occurrences of generalist species in a country or neformulation of macroevolution) of probabilistic
gions, and to taxa specialized for presently expandimxclusion around already species-rich optimal envi-
environments. ronments, where successful entry into an already

highly competitive environment is far less likely than
Nash equilibrium — The morphological cladograms establishment in suboptimal sites. Biodiversity itself
with the analysis of the moss genlddymodon is an adaptation away from optimal environments, in
(Chapter 8) infer probabilistically that the products ofhe sense that no curbs are evident to conserve
dissilience from a generalist ancestral species gplysiological resources that generate variation away
usually rather isolated and specialized for marginal drom optimality.
rare habitats. There are many more stirps (descendantThe Nash equilibrium supports selection towards
species) than descendant generalist species that thewn-optimal habitats around Red Queen citadels with
selves are ancestral to another collection of stirp&ouldian walls of optimality. Avoiding competition
Why is this? Why is there little apparent selectiomesults in a maximization of biological diversity, and
towards generalist, biotype rich species that can ithat biodiversity has a direct quasi-altruistic positive
vade and equilibrate (e.g. Red Queen effect: Vaeffect on all organisms on Earth. The dissilient spe-
Valen 1973, 1976) in an optimal habitat (plenty oties concept and a world-level evolutionary strategy
food, equable climate, maximum photosynthate)? towards minimizing the struggle for existence may

The Nash equilibrium is commonly invoked inhelp evaluation, intervention, and maintenance of
evolutionary game theory to explain features dboth biodiversity hot spots and suboptimal but critical
checks and balances in nature, particularly for seleservoirs.
tion towards optimal equilibria among and between
competing or potentially competing species (HofPotential biases in phylogenetic systematics —
bauer & Sigmund 2003; Nowack & Sigmund 2004Although additional information allows better accu-
Robson 1990; Swanson 1994, but see Mailath 1998jacy in statistical evaluations, systematic biases are

In the intentional case, if players have a limitedefractory. Analysis of more biased data does not
number of choices but only one player succeeds ghange the bias (Morrison 2013). Structuralism-
more than one player makes the same choice, thestated assumptions of phylogenetic systematics may
each player maximizes the chance of success by generate biased classifications that can covertly (Law
lecting a suboptimal choice. This also assumes th2®11) affect analytic results in other fields that de-
all players are aware of the other players methods pénd on natural classification. An annotated list of
choosing. In this case, if every player vies for theome biases and narrow assumptions that are inherent
optimal choice, only one gets their choice and all buth phylogenetic methods is presented here, at the risk
one fail. In the movie about John Nash, the equilief being accused of building straw men. These are
rium is dramatized by a number of young men anidherent and easily detected in most published phy-
women in a bar. Each man would like to take #bgenetic papers, and necessarily generate biased
woman home with him, but a certain amount of effor¢volutionary views and classifications reflecting
at courting is necessary. There is one most-attractitleese assumptions. A source of error of considerable
woman in the bar. Nash figures that if each maooncern to conservationists is that of poor estimation
chooses to court any woman but the prettiest, chanag@sextinction rates from phylogenetic data, even with
of, well, fornication are maximized for all. complete taxon sampling, due to variation in diversi-

How does this work in a non-teleological casefication rates among lineages (Rabosky 2010). Like-
namely, how is biodiversity maximized through sewise, sampling problems make problematic attempts
lection or strategies (heritable phenotypes). Appate use statistical devices in recognizing mass extinc-
ently three features direct selection away from opttions (Boucot & Gray 1991: 1295).
mal environments where fithess is highest but in- Bias: Cladograms are fundamental because evo-
tensely limited by competition. (1) Generalism/utionary inferences approximate them just as reality
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approximates mathematics—= We all look for pat- to form new species before these lineages acquire
terns, but no single pattern in evolutionary analysis gecondary characteristics such as reproductive isola-
as fundamental as the axioms of mathematics or céion or morphological differentiation that are com-
tain principles of physics (Bergmann 1949: 195), nmonly used to define species.” The continued exis-
matter how limited any axiomatic system is by, sayence of all but the most recent taxa over hundreds of
Godelian logic or multiple universes (Nagel & New-thousand or millions of years indicate this assumption
man 2008; Rucker 1983). A molecular tree is a neds clearly unwarranted. Such stasis in expressed traits
ing of present-day specimens (synchronic) inferringhay be due to stabilizing selection, which is probably
theresultsof evolution through time (diachronic) for the ultimate reason taxonomy works at all (Patterson
those specimens, but is not a complete representatO05).
of evolution of taxa. Bias: The principle of holophyly (strict phyloge-
Bias: All evolutionary patterns are synchronic (innetic monophyly) is necessary to eliminate hypothe-
present-time), therefore the possibility of survivinges of macroevolution, which are largely ad hoc in-
ancestors affecting analysis may be ignoredThis tuitions, and therefore only cladogram splits are im-
assumption is method-based, as all evolutionary patertant in classification. —According to de Carvalho
terns generated by phylogenetic software are necet-al. (2008):
sarily synchronic because trees are based on a data
set of traits. There is no theory presented of one taxon  “...only monophyletic units, independent of
changing into another (macroevolution) but only of their rank, must be understood as ‘natural entities’
trait transformations (microevolution). Thus, if (and therefore real, subject to conservation); and
microevolution determines, methodologically, evolu- (2) that the organismal collectives which are de-
tion, then evolutionary theory involving macroevolu- scribed as species, and that receive formal bino-
tion is methodologically unnecessary in phylogenetic mials, do not necessarily correspond to natural,
classifications. monophyletic units. Species names are intuitive
Bias: Cladogram splits are pseudoextinction resources indispensable for purposes of commu-
events, with the ancestor dying off after two descen- nication and organization of information at the
dants are generated. +ollowing this assumption, species level, but in themselves do not necessarily
not only may the possibility of surviving ancestors be contain any real scientific value since many spe-
ignored, but all shared ancestors are unnamable be-cies are simply not corroborated as mono-
cause they are extinct. Actually, paraphyly involving phyletic....”
taxa surviving at least one speciation event or even
more has been estimated as widespread in extant t&kas is clearly circular thinking and tendentious in
by Funk and Omland (2003), who indicated that sp#he extreme. The authors further state that “...con-
cies level paraphyly or polyphyly occurred in abouservation efforts should be aimed at monophyletic
23% of assayed species. Rieseberg and Brouilletits, not at binomials devoid of real existence.” This
(1994) suggested that at least 50 percent of all plaagsumption is based on a phylogenetic principle of
species and possible much more are products of getassification—holophyly—not a real thing in nature.
graphically local speciation, of which half are likelyHere evolutionary analysis and classification prac-
to be not monophyletic, and that in plants “...a spdices are conflated to the detriment of conservation
cies classification based on the criterion of moncefforts.
phyly is unlikely to be an effective tool for describing Bias: Exemplars may be considered equivalent to
and ordering biological diversity.” Based on simulataxa, thus there is no need for extensive sampling
tions, Aldous et al. (2011: 322) asserted, “... for abobecause sampling either supports the original analy-
63% of extant species, some ancestral species shosilsl or reveals homoplasy and paraphyly or poly-
be itself extant ....” These studies are importanphyly, elements of which will then be ascribed to new,
which is why I've repeated their mention three timescryptic taxa anyway. —Fhis is a rejection of macro-
Bias: All reproductively isolated intraspecific evolution as a theory explaining how exemplars of
lines and all distinct molecular lineages will differen-one taxon can appear separated on a molecular tree
tiate into new species. —Fhere is now software due to a progenitor generating, without self-
(Ence & Carstens 2011: 473) that evaluates, on tlegtinction, one or more descendants. This alternative
basis of sampled molecular data within a speciesxplanation must be seriously addressed. Rejecting
with which intraspecies molecular lineages “can bmacroevolution immediately leads to naming mo-
validated as distinct” in that they have the “potentidkcular variants distant on a tree as different species.
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Bias: Shared ancestors are anonymous, becau2002; Hubbell 2005; Vrba 1980, 1984). A simple
naming them as different taxa but at the same rank aase is of differential extinction and generation of
that of their derived sister groups would invoke thepecies subject to a single selection pressure across a
principle of holophyly and necessarily collapse thgenus (e.g., increasing aridity or single source preda-
cladogram. — Again, a phylogenetic principle of tion); clearly the diagnosis of the genus must change
classification, holophyly, affects the evolutionaryover time, and such changes may be different for
analysis needed prior to a sensible, responsible clagsidlti-species groups of the genus in different areas of
fication, the cart coming before the horse. the world. A more generalized phenomenon is “spe-

Bias: Postulating multiple unnamed shared anceszies selection” (Simpson 2013) in which frequencies
tors is acceptable because maximum parsimony ordy traits among species change over time.
minimizes counts of state changes, not taxic trans- Bias: Analysis assuming Markov processes needs
formations. —Unobservable shared ancestors thainly present-day data— It is true that Markov
may not be named are clearly non-parsimonious ahalysis needs only present-day data to reconstruct
hoc postulations of superfluous entities. The evoldhe past, but this works only in an ideal, mathematical
tionarily most parsimonious ancestor-descendant treentext. Increasing chaotic uncertainty of prediction
may be far less parsimonious than a cladistic trée real situations cannot be ignored, and neither
minimizing trait changes among sister groups. Fdraplace’s demon or Markov analysis can predict or
example, a surviving ancestral taxon may have givestrodict accurately true events in the more distant
rise to several daughter species, and such daugHtgure or past, respectively. The simulation studies of
species may share some new traits; a cladogram c@wartwright et al. (2011) showed that non-Markovian
strained to the correct evolutionary tree may bpatterns of ancestral variation contribute to a lack of
cladistically less than maximally parsimoniousrobustness in molecular phylogenetics. Amords-
Given that many extant taxa are progenitors of oth&toya et al. (2010) found “experimental evidence for
taxa of the same rank, inability to theorize about taxiconvergent molecular adaptive evolution,” highlight-
transformations is clearly a limitation of phylogenetidng the importance of regulatory mechanisms in evo-
methods. lution. The ahistorical aspect of structuralism is re-

Bias: Evolutionary theory is unnecessary, becausiected in the now popular Markov chain Monte
the cladogram is fundamental, like mathematical axicarlo Bayesian methods of phylogenetic analysis, yet
oms. Theory is metaphysical in being not a fact butthe Markovian assumption is faulty.
narrative explanation, while a cladogram is a deduc- The biases above illustrate the difficulty of think-
tion from a first principle (evolution happens) and isng rationally or of considering novel ideas when
logically as true as the first principle, and as true asnuch has been invested in a standard practice, and
the facts from which it is inferred. Fheory is the leads to an inertia of belief. We are all, of course,
basis of science. Although we do have certain axionismbered with this sunk cost burden to some degree.
of physics, these are subject to change. Even the axi-
oms of mathematics are not immune to criticisnow can a conservationist distinguish biased clas-
(Kline 1980). Theory is necessary to deal witlsifications? — Common sense can in many cases
through-time aspects of evolution, while phylogenetignal a disconnect between reality and phylogenetic
ics prefers an inappropriate quasi-mathematicalassification. Take simple scenarios, like an argu-
lemma-theorem deductive method (Zander 2010ment that shooting polar bears is not illegal because
Note that mathematical induction is not the same #isey have been scientifically classified as brown
scientific induction, it creates a general conclusiohears. Birds-of-paradise are now classified as rep-
from a set of deductions from hypothetical truthgtiles, so may they be poached? Harvesting natural
According to Mazur (2006: 160), “We use scientifippopulations of cacti might be defended as perfectly
induction to learn and discover...” but a mathematicd¢gal because the cactus family is now submerged in
induction is a logical consequence of accepteitie Portulacaceae family. Similar very strange things
mathematical statements. have been brought to poorly educated jurists and ju-

Bias: Genera and higher taxa do not evolve, onlyies.
species do; therefore, in absence of evolution of There is no direct way to distinguish molecular
higher taxa, such higher taxa may be delimited solebryptic taxa (species, genera, families) or absent taxa
by cladogram clustering. —Fhere are many more or in new phylogenetic classifications, particularly those
less well-supported theories of the evolution of gerthat do not give details of the analyses they are based
era and higher taxa (Eldredge 1985: 150; Gouloh, and sometimes do not even give synonymy.
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When new taxa are proposed, the reasons for doidge to restriction of data to single lines of molecular
so are commonly given, but such reasons may not beidence. Stevens (2008), in a review of major
in the at-hand classification, checklist or biodiversitghanges in flowering plant classification (APG 2009)
review. When taxa are eliminated, for whatever redrom past family-level classifications indicated that
son, the same is the case. Often one must be an exf®st “iconic” parasitic plant family Rafflesiaceae are
in a group to identify changes made (1) solely by “toembedded within Euphorbiaceae s. str. and should be
tal evidence” about sister groups that generate clugduced to synonymy. The reader needs to be aware
tering on the authority of classification principles oof the growing numbers of taxa whose reality is often
dogma, and (2) those that are reasonably based lmsed entirely or in crucial part on whether the clade
discursive logic and all available information. Worsenests or not in a larger group of the same rank. These
changes are often made on the basis of both morplawe biases that affect conservation of endangered taxa
logical and molecular evidence, yet the morphologsf major divergent morphology.
cal evidence may be that which appears by chance to
support the molecular results, not the best combinGummary of effects on conservation and biodiver-
tion of expressed traits that supports all evidence (isity study — Cladistic analysis is axiomatic, and has
cluding ecology, biogeography, cytology, Dollobeen long touted as a theory-free, discovery process.
taxon-level evaluation). The cladogram is considered a discoverable funda-
An egregious example of epistemological extincmental pattern in nature, following the rationale of
tion (dogmatically based disappearance of taxa) is te&ucturalism in other fields. All non-phylogenetically
case in the field of the present author's expertiseyformative information is “mapped” or otherwise
bryology, particularly the family Pottiaceae, mosserelegated to the cladogram, following this structural-
of harsh environments (Zander 1993). In an influenst procedure. Because the quasi-mathematical
tial classification of the mosses (Goffinet et al. 2012)nethod follows the structuralist linguist Saussure in
the authors eliminate three long-recognized familiegmvolving only synchronic (present-day) relation-
Cinclidotaceae, Ephemeraceae and Splachnobryacsags, the model of one taxon being derived from
(Arts 2001), lumping their generitypes into the Potanother taxon of the same or lower taxonomic rank is
tiaceae. There is no synonymy list. This synonymizderbidden, being nonaxiomatic scientific theory thus
tion is done with no discussion, but is apparentlynere explanatory narrative. Microevolution (descent
based on several recently published phylogeneticith modification of traits) substitutes for macroevo-
studies that show these generitypes to be nestetion (descent with evolution of taxa). This avoids
deeply in the Pottiaceae. The thought that these thrime personal judgment and discursive reasoning char-
represenfamilies molecularly nested in an ancestrahcteristic of “soft sciences,” for instance using non-
family Pottiaceae is ignored on principle. phylogenetically informative data in Dollo evaluation
Hoérandl and Stuessy (2010) indicated that isolatesf taxon transformation, i.e., macroevolution. Holo-
island lineages can quickly become strongly divephyly (strict phylogenetic monophyly) ensures that
gent from continental ancestors, yet such lineagesacroevolution is not modeled in cladograms, which
may be denied proper taxonomic rank because thsypossible by taxonomic recognition of paraphyletic
are often nested in larger taxa of the same rank. Ethe same taxon distant in a cladogram) and
amples they gave for the flowering plants include thapophyletic (taxa nested in other taxa of the same
genusRobinsonia(Asteraceae), of the Juan Fernanrank) groups. Stucturalism is opposed to theory-based
dez Islands found to be phylogenetically derivativecience.
from the widesprea@enecipandLactoris fernande- The result is that some taxa that are paraphyletic
ziana, of the monotypic island endemic family Lac-or apophyletic on molecular trees are threatened with:
toridaceae, found to be apparently derived from Ariga) complete loss of their scientific names (under-
tolochiaceae. Horandl and Stuessy also indicated thexicalization), (b) downgrading of rank to force
conservation of island taxa is threatened by graduddem into taxonomically and evolutionarily different
elimination of a proper taxonomic recognitionancestral or derived groups, or (c) burial among a
caused by apparent recent derivation from pararoliferation of molecularly distinguishable “cryptic”
phyletic continental progenitors, because slowly muaxa (overlexicalization). Some of these threatened
tating molecular sequences do not match the rate taka are rare and endangered and all have been con-
rapid and major morphological divergence. Padial efdered, by experts familiar with the taxa, evolution-
al. (2010) review problems in estimation of numberarily distinctive by expressed traits. Loss of scientific
of species involved in biodiversity studies that areames stymies conservation efforts by hiding or
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masking important taxa, or eliminating them entirelynt ecosystems because the earth is passing its carry-
from consideration. ing capacity for humankind.

Conservation and biodiversity study, as well as
any other field that uses classification of organism# World Flora and heuristics — Heuristics in sys-
will be covertly affected by biased, synchronic evolutematics is central to modern taxonomy. For instance,
tionary assumptions and artificial principles of classia World Flora has been proposed by the Global Strat-
fication associated with structuralism. To avoid suchgy for Plant Conservation (GSPC) of the Conven-
biases, a pluralistic systematics is advocated. Att@n on Biological Diversity (CBD) as an identifica-
minimum, researchers who expect more from sysion manual for the species of plants. One might, at
tematics, given new techniques and informatiofirst, imagine a standard floristic or monographic ap-
sources, are encouraged to found new study on tragroach would be taken: including a list of taxa made,
tional pre-phylogenetic work, and to trust the deciereation of keys to families, genera and species, illus-
sions of alpha taxonomists as complementary to nevation of at least the most commonly encountered or
discoveries. Certainly the major world “hot spots” fobiodiversity-significant species, dot maps made of
discovering new species are the great herbaria adidtributions world-wide, and so on. This would be
faunal collections, where there remain thousands ah exact, deterministic, integrable (Markov chain-like
types and authentic material sorted and named Wdifferentiating keys) well-founded descriptions, com-
classical taxonomists in the past yet never or seldoplete flora. Yet the date proposed by the GSPC for
examined in modern times. completion of this very large work is 2020. A simpler

As an example of biased analysis, the work ahethod is clearly needed.
Jansson et al. (2013) tested the relative importance of There are two ways phylogeneticists create large
tropical conservatism (few tropical clades colonizingrees-of-life from multiple research projects. The su-
non-tropical areas), out of the tropics (many tropicgdermatrix method goes back to the data and reana-
origins for non-tropical clades), and hypotheses dfzes all the data at once for all taxa, but the supertree
diversification rates in creating latitudinal diversitymethod takes the tree topologies and welds them to-
gradients. They concluded that in the 111 phyloggether (Gatesy et al. 2002). The latter method pre-
netic studies they analyzed, most clades originated $erves any special analytic treatment given to each
the tropics, with diversity highest in zone of origingroup that addresses unique evolutionary features.
Given lineage zone transition analysis, adaptation ¥When bryologists at the Missouri Botanical Garden
new climatic conditions would not be an obstacle toonvened to discuss a world flora for just the mosses,
many clades. If it is true, as the present book asseitshecame clear that major reliance must be made on
that cladistics alone cannot determine monophyly arfbras already published, i.e., a metaflora, a kind of
that a clade is only by arbitrary definition monosupertree. A checklist of the world’s mosses (Crosby
phyletic, then the above results are highly problenet al. 1999) had also been published that identified
atic, and should not be used in conservation reseai@tith four stars) those taxa that were well-studied in
or model-making. modern treatments. Thus, a world flora of the mosses

The next 30 years of systematics research, it mapuld be generated that depended on modern floristic
confidently be predicted, will include the wearisomedreatments of well-known species, which would
task of distinguishing true advances in systematispeed the work immensely and provide a heuristic for
from wrong and damaging phylogenetic classificatioapproaching plant biodiversity at the highly complex
decisions that delete or multiply scientific namesvorld level, while keeping track of all names of taxa
through holophyly and other structuralist practicesn a grand checklist whether well understood or not.
Phylogenetic systematics now cripples our very peA similar approach might be decided upon for other
ception of nature by eliminating or scrambling nameglant groups.
of macroevolutionarily important taxa. We must Apropos of this major undertaking, one of the
choose between science, where theory explains apest pernicious problems for non-taxonomists, par-
parently disparate facts, and structuralism, an ekeularly informatics specialists compiling databases
treme and faulty form of fast and frugal heuristicef accepted species names, is “which name of two or
(Gigerenzer & Selten 2002) wherein all facts relevamhore synonyms is the correct name for the species?”
to one well-supported cladogram are simply mappethe past rule of thumb for determining the correct
to the cladogram. This decision affects how we deabme is just use the one in the most recent major
effectively or not with the supreme challenge of oumonograph or most recent faunistic or floristic com-
time: the collapse of biological diversity and dependpilation. This must be modified because modern phy-
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logenetic systematics allows classification to affeanalysis (cladistics). Conservationists can presently
the preliminary analysis needed for evolutionargeal best with this problem by only using pre-
classification. The new rule of thumb (heuristicphylogenetics or at least pre-molecular classifications
should now be to accept the most recent name inog better, to team with evolutionary systematists who
major work as correaxceptf it is generated follow- will identify modern classifications with a minimum
ing holophyly or based on universal assumption adif phylogenetic bias.

pseudoextinction (phylogenetics) or sister-group
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CHAPTER 12
Scientific Intuition and the Hard Sciences:
The metric dimension heuristic and Gould’s macroevolutionarywall

Précis —Heuristics or informal genetic algorithms in alpha taxon@amgyfounded on identi-
fication of patterns in nature using known relationships pkiples in mathematics and
physics. These heuristics identify values that provide a ‘tell taxon’s identity. They can
also signal an “outlier” that negates immediate identification aikimown or expected taxon.
Here the heuristic involving metric dimensional ranges in gegans of taxa, in the para-
digmatic form (a—)b—c(—d) of three size classes, is analyzedoamdlized from data gath-
ered from modern bryophyte treatments. This paradigm ai@s@momic decisions based on
the known and expected distributional dimensional range of iagdnspecimens. The geo-
metric mean and Fibonacci series in powers of the golden ratioodin involved in distribu-
tions of informal measurements close to zero (i.e., wherattgera—d is a significant portion
of the range zero to d) or where ranges comprise much of a odgyriinferred ideal propor-
tions for the three size classes involving the golden ratid:&te5Y:1.6, or 1:2.6:1.6. Scien-
tific intuition establishes dimensional ranges, in the binybg literature at least, consistent
with physical and mathematical principles. The Fibonacci sepiagly reversed) above is
apparently also a fundamental rule explaining both S. J.d&ospeciational reformulation of
macroevolution and psychologically salient numbers.

This discussion contributes to the literature on intueffective. Exactly why the heuristics are predictive is
tion in the sciences by examining a particular elemenbt clear, and formalization or explanation of such
of descriptions of taxa, namely the results of estimdweuristics, as involved in scientific, informed intui-
tion of metric dimensions by informal sampling intion, is needed.
alpha taxonomy. There are many heuristic methods Formalization is the presentation of a heuristic in
that in combination are used by alpha taxonomists the context of physical or mathematical explanation.
identify and classify known taxa, and to distinguislit is here exemplified by the following contrived very
new taxa. Alpha taxonomy is a first pass at biodivesimple heuristic. Consider two propositions A or B
sity analysis to provide useful names and distinguisihat contradict each other. They are similarly sup-
ing traits for perceived groups of organisms in natur@prted but there is additional support for A consisting
while biosystematics, including statistical analysis obf independent hints. The number of hints it takes to
variance and investigation of population genetics thatipport A over B such that a scientist will act on A
well-characterizes taxa, comes later. instead of B in non-critical situations (e.g., make it a
Studies of biophysics can model traits and conbasis for additional theorization) is ... too many to
plex organs or behaviors that are important in sysonsider (see below). Suppose there are instead a
tematics (e.g., Niklas & Spatz 2012). This chapterumber of somewhat impressive but not decisive in-
addresses a central feature of descriptive taxonondgpendent pieces of evidence in favor of A. The
metric distributions. number of such medium well-supported arguments in
Given the usual, often fierce arguments betwedavor of A to be decisive is ... surely more than two. |
characteristically multanimous taxonomists, how hahink most people would agree with these heuristic
systematics progressed at all over the past 250 yeags/@sses in non-life-or-death situations. Formalization
Classifications produced by alpha taxonomists usirigvolving recourse to relevant mathematics and phys-
classical methods (omnispection, Gestalt, apprées would ensure that one alternative would be
hended covariance, and naive analysis of variancgyobably” better than another with “probably”
have been demonstrated time and again to be vataeaning more than just anticipated intersubjective
able in predicting the expression of variation amonggreement (Hempel 1988; Kearney & Rieppel 2006),
new collections, particularly small samples such asstead more on the level of logical and empirical
types of new species. They can be used to creatgrabability as discussed by Pap (1962: 195, 213).
logical, theory-based, pluralist systematic method In optimization modeling (Martignon 2001),
encompassing results of molecular systematics (ap&ayes networks have been found effective in decision
from strict phylogenetic monophyly), and are thusheory. Formalization of the metric dimension heuris-
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tic can here use Bayes' Formula, with each item @ésults that are not guaranteed optimal but are at least
support for A given a probability. For an item of supelose. Examples are heuristic sampling in parsimony
port to be classed as a “hint” it should be distinguistanalyses and Markov chain Monte Carlo analysis in
able from 0.50 probability (totally equivocal betweerBayesian studies.
two alternatives, like yes and no), let us say 0.60. One of the most basic heuristics in any field is the
Using Bayes’ Formula with 0.60 as prior and 0.60 dgovariation principle” (Kelley 1973) in which causal
probability yields a posterior probability in favor ofeffects are considered potentially involved with two
A of 0.69. Using 0.69 as prior with 0.60 again aphenomena that covary, but this may by discounted if
probability yields 0.77. This empiric Bayes’ proce-other equally plausible causes are evident. With mul-
dure (Gigerenzer et al. 1989: 273) of using the resuiple observations, a “naive version of analysis of
of Bayes’ Formula as the prior for another instanceariance” is initiated with causes treated as independ-
with additional information is continued until theent variables and effects as dependent (Littlejohn
posterior probability exceeds 0.95, a common minik978: 234). In classical alpha taxonomy, evolutionary
mum level of confidence for non-critical conclusionsrelationships are inferred through informal genetic
In fact, it takes eight “hints” at 0.60 probability eachalgorithms for rule production (Gigerenzer 2007,
to exceed 0.95. The sequence is 0.60, 0.77, 0.8Bytchinson & Gigerenzer 2005) as heuristically
0.88, 0.91, 0.94, and 0.96. Requiring eight hints evdrased expert systenZander 1982). The quasi-
with no contrary data is practically equivalent to “tomptimal results are used in creating descriptions of
many to consider.” taxa when time and funding limit sampling and test-
In the case of “somewhat impressive but not dedirg.
sive” support, we will assign each element of the We have all heard myriad heuristic guidelines
support a 0.75 probability, being half way betweesimilar to “Once is happenstance, twice is coinci-
entirely equivocal and certain. Two items yield 0.90dence, three times is enemy action.” There are many
three 0.96 posterior probability, thus “surely moré¢hat are commonly used in everyday life in business
than two” is a correct heuristic for good but not decistrategy but have no familiar associated aphorism. In
sive support for A over B. It should be clear that, atechnical decision theory, Goldstein et al. (2002) of-
though this heuristic is only a rule of thumb, usinder the “Take the best” heuristic, in which inferences
many such heuristics involving different kinds ofand predictions are based on only a part of the infor-
support can “triangulate” a practical solution for onenation until a stopping rule ends the search and deci-
complex problem quite effectively. sions are made on basis of the cue that ends the
This book assumes that nature informs us whaearch. Such predictions apparently are better than
our species (or taxon) concept should be for variotisose made by multiple regression, and are based on
groups, and will show that abducing hypotheses mot allowing less important data to overwhelm highly
alpha taxonomy is built on paradigmatic templateseighted data, a lesson ignored in phylogenetics
associated with well-recognized principles in physic&hen traits are equally weighted. Another heuristic is
and mathematics. The simplest species criterion ‘i$ake the first,” which contemplates a series of alter-
taken as that of Crum (1985). This is essentially theatives and ends when an adequate solution is dis-
evolutionary species concept (Simpson 1961; Wilegovered. This depends on memory recall and similar
& Mayden 2000), paraphrased as a biologically unsets of problems.
fied group with a unique evolutionary trajectory. That A familiar example of a heuristic is the practice of
evolution is important in modern alpha taxonomy i$Manual Image Mining” in organism identification
exemplified by routine searches for geographic dusually by experts). This is more commonly known
ecological distinctions correlated with morphologyas “flipping through the pictures in the manual until
and emphasis on homology in selection of traits tgou find it” method of identification of an unknown
study. whose name does not immediately come to mind.
One segregates the section of the identification man-
Classical heuristics and decision theory —Both ual between two hands, and leafs through, marking
morphological and molecular analysis use decisiomeok-alike illustrations with fingers and thumbs, oc-
based heuristics (Gigerenzer, 2001, 2007; Gigerenzssionally an elbow, until one has a solution, usually
& Selten 2001; Gilovich et al. 2002; Goldstein et al'That's it! Or maybe this one, or possibly even this
2002; Hutchinson & Gigerenzer 2005; Martignorone.” Then the descriptions and known distributions
2001; Stanovich et al. 2008; Tversky & Kahnemaare read, and lastly technical keys are gone through
1974) to speed and simplify complex searches to getil one name is found as appropriate. Is this a ran-
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dom search guided by mere intuition? No. If on@ected of the range of variation in a known taxon and
formalizesthe method it is clear that the taxonomisinitiates closer scrutiny and study of additional traits.
is creating a one-time key to the literature at hand and There is reason for revisiting alpha taxonomy,
using both technical and “look and feel” traits teeven after alpha taxonomy has been deprecated as
identify rapidly an unknown specimen. Digits are théeing intuitive or even instinctive (Hey 2009; Mooi
couplets, and sampling is from total evidence as ti& Gill 2010; Scotland et al. 2003; Yoon 2009). Even
investigative matrix. if more precise methods have been introduced
Tells and outliers are here collective names fahrough numerical taxonomy and molecular sys-
traits valued as cues (Gigerenzer & Selten 2002: 5) tematics, these have proven problematic (Tobias et al.
alpha taxonomy to rapidly identify known taxa or t@2010), mainly because of analysis unreflective of
flag new taxa, or at least signal problematic variatiomacroevolution (Zander 2007a, 2008, 2009, 2010),
in expressed traits, when one is surveying a sampliagd multiple equally plausible hypotheses due to pos-
of specimens. A “tell” is a trait valuable for identifi- sible unsampled or extinct molecular paraphyly and
cation that is unique to a species or other group, pextended paraphyly, which may involve as much as
haps only found in some specimens of an otherwi€3 percent of the taxa studied (Aldous et al. 2011). In
difficult to identify taxon. Examples in the Pottiacea@addition, mathematics does not determine natural
(Bryophyta) are the general absence of a centna@lationships (as per Klein 1985) but is simply a hy-
strand in Trichostomoideae and Leptodontieagierprecise “approximation” to real, probabilistic dis-
enlarged cells in the medial portion of the stem cetributions and phenomena for which data are never
tral cylinder in Barbuloideae; irregular peg-likeentirely sufficient for full description (Klein 1980). It
gemmae inGyroweisia tenuis(Schrad. ex Hedw.) is statistics, actually a field of physics, that may pro-
Schimp.;elongated medial laminal cells often presentide a better explanatory and predictive picture of
in Hymenostylium recuvirostrurfHedw.) Dix. and reality. For instance, methods of statistical physics
Didymodon tophaceuBrid.) Lisa; spherical tubers have demonstrated a double power law in distribution
in Barbula convolutaHedw. (Zander 1993); and, of extinction sizes from paleobiological data (Sznajd-
other uncommon traits that strongly aid identificatioWeron & Weron 2001).
and characterization of evolutionarily unique taxa. There is a notion, particularly among mathemati-
Vavillov's “Law of Homologous Series” cians, that nature follows mathematics (Ekeland
(Vavillov 1951; Yablokov 1986: 34) is another heu2006; Kline 1985). On the other hand, the perceived
ristic that operates at levels higher than that of speeal features of nature are fuzzy, somewhat indeter-
cies. It states that species or genera commonly hawvinate, and probabilistic due to the influence of
variability with parallel forms in other related speciegomplexity and chaos, plus the fact that no phenome-
or genera. This is also true at the family level, aaion is fully described by available data. Mathematics
cording to Vavillov. is then hyperprecise for phenomena that are difficult
All “fast and frugal” heuristics exploit regularities to encompass with a precise answer, and mathemati-
in the environment, including those in data, but magal solutions thus may be inaccurate for all but the
not be entirely generalizable (Gigerenzer & Seltegimplest, most well-understood phenomena. The
2002) as is the case with the aforesaid exampldsill's-eye is not the target. An exacting bill for ser-
“Outliers” are negative tells; see Lim et al. (2012) fovices may be wrong. An integrable solution may pro-
statistical methods of identifying outliers. Negativeduce a simple and repeatable classification but the
outliers suggest that whatever name immediately hamplied evolutionary relationships may be scrambled.
come to the taxonomist’'s mind as an identification is Richard Feynman (Feynman 1985: 70) asserted
probably not correct because there is a trait that hémat he often won arguments by detecting a difference
not been not recognized previously for the group dretween ideal, mathematical models and real-world
there is at hand a dimension out of expected range. examples when puzzles were presented to him. For
Inasmuch as tells and outliers are not particulariypstance, although in topology an ideal orange may
functional in sister-group analysis, being either autdoe cut up and rearranged into a sphere the size of the
pomorphic or commonly lacking precise documentaworld, manipulations of a real orange is limited in
tion, modern phylogenetics largely ignores thenthat the thickness of its rind cannot be less than an
They are, however, fundamental to the practice atom. All integrable (fully solvable) problems in sys-
alpha taxonomy. This chapter formalizes one of thesematics must pass the real-world test, which means
elements, dimensional heuristics; that is, how ortbat evolutionary models must explain all evidence in
recognizes that a measurement is outside what is @xnoncontradictory manner.
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Systematics is a classic example of the differen@rcraft landing, television, electronic eyes, dam
between analysis based on optimization and on hegates, automobile cruise-control, and the like. Fuzzy
ristics in generating accurate decisions among malogic is a mathematical expression of heuristics ad-
alternatives (Gigerenzer & Selton 2002). Also, phydressing complex systems with an over-whelming
logenetics is restricted to integrable problems (Ekewumber of variables, and may be of value in dealing
land 2006: 80), in particular Markov chains and pamwith historical complexities in retrodiction of speci-
simony analysis. These, ideally, fully predict the pagition events.
and future, as a generalized solution, and initial un-
certainty is not increased. Speciation and other maQuantum heuristics — Aerts et al. (2010) demon-
roevolutionary events require nonintegrable analysgrated a go-or-no-go theorem involving quantum
based on data that fade with time or which lead tanalysis (three possibilities, computable yes, comput-
chaotic results. Nonintegrable analyses (Ekelarable no, and both yes and no but decided only upon
2006: 97, 103) must involve consideration of indiactual examination of the results) for dealing with
vidual elements (taxa) with all data available, witmanifest data based partly on hidden variables, and
regard to what periodicity is available. Metric dimenAerts (2009) discussed the well-structured mechanics
sional range is an example of such periodicity. Giveof the double layer of human thought that figures in
that no one method ensures certainty, a pluralistibe balance between logic and Gestalt apprehensions
approach to taxonomy is needed (Beatty 1994; Gieo# reality. It was shown that heuristics are based on
2009; Padial et al. 2010; Rieppel & Grande 1994). entirely rational processes although involving quan-

Taxonomic heuristics have been explained in getum thinking. In both papers, however, an over-
eral terms (e.g., Zander 1982) in the past. This coarching theory (e.g., Aerts 2009: 22) can reconcile
sists of long-term accumulation of hard-won rules ahe apparently non-classical disjunctions and con-
thumb that are proven repeatedly effective. Gigerejunctions associated with mesocosmic quantum phe-
zer (2001, 2007), Goldstein et al. (2002), Hutchinsomomena in psychological study of cognition. In
& Gigerenzer (2005) and Martignon (2001) have weflproper quantum thinking, aspects of description of a
described the genetic algorithm process involved whenomenon that cannot be reconciled by common
these apparently idiosyncratic methods, but which afeatures (Gilder, 2008: 16) are used in concert to deal
common in many fields. Alpha taxonomic methodsvith or predict outcomes. For instance, the mesocos-
are therefore a Gestalt or omnispection process ontyic phenomenon of refraction of light in water re-
in the sense that the taxonomist’s unconscious colleguires true quantum thinking because no classical
tive of useful genetic algorithms have not yet beetiheory can deal with the fact that refracted light ap-
detailed and formalized as an uncommonly effectivpears to itself calculate and choose the path shortest
set of heuristics. Although intuition can be easilyn time of travel between the emitter and the eye
fooled (Kline 1985: 32—-34, gives several examples gfiven different speeds in water and air, while station-
improperly evaluated mathematical problems), thiarity (Ekeland 2006) is more a clever, though accu-
book takes the position that taxonomic scientific inrate mathematical description for this than a theoretic
tuition has probably discarded most problematic arausal explanation. A quantum explanation (Hanc et
wrong predictive intuitive assessments through 258. 2003) involving phase cancellation has been ad-
years of testing and building on the work of othersjanced to explain disjunction in perception of direc-
while formalization of standard practice should ention and distance, but even this does not beat standard
hance the perceived value of intuitive expertise. heuristics in helping spear a fish. Quantum heuristics

is similar to the three-valued logic of Jan Lu-
Fuzzy logic — In complex systems, precise statekasiewica (Jameel 2009), where 1 stands for true, O
ments become more and more impossible to maker false, and 1/2 for possible. Heuristics in the pre-
until relevance and precision become mutually exclisent chapter are those of classical, non-quantum theo-
sive (Jameel 2009; Kosko 1993). Fuzzy logic givesetic evolutionary systematics that reconciles total
mathematical descriptions of multiple factors affectevidence under the search for macroevolutionary re-
ing membership functions in particular sets such th&gdtionships.
variables are affected differentially at different times
under feedback control. Control systems using fuzzydequacy of distributions — Santos and Faria
logic have been built for steam engines, cement kil2011) pointed out that alpha taxonomy commonly
operation, water treatment, subway systems, expémt/olves examination of large numbers of individu-
medial diagnostics, tunnel excavation, automatesls, and “small uncontextualized difference in se-
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guences of DNA cannot necessarily define taxa.” leach species at this ballpark level, say 30 to 175
many cases, molecular analysis commonly involvespecimens. Phylogenetic analysis uses heuristics
sample distributions of one. This refers to taxonomige.g., Hastings-Metropolis sampling) to sample mul-
differences at the species level and higher, not gemodal data spaces, yet examples of sampling for
netic differences between populations in which 20 tonknown modes of DNA sequence data within taxa
100 individuals is a sufficient sample size (Kali{i.e. each equivalent to a species description from
nowski 2005). It is clear that the law of large numelassical taxonomy) are few. The normalized sam-
bers figures in the desire of alpha taxonomists to egling distribution allows a good estimate of the mean
amine a large number of specimens to develop a d&- the sampled, potentially non-normal or even
scription. This is because estimation of a mean, foighly skewed distribution. When only one or a few
instance, keeps getting more accurate the more a dipecimens of a species are available, reasoning by
tribution is sampled, e.g., the more coins are flippednalogy is used (Kline 1985: 48) in classical taxon-
the more accurate is the estimate of exact loading omy such that ranges and modes of variation of mor-
one side or the other (FYI, most coins are heavier guhological traits of similar taxa are assumed to be
the head side). A fundamental but unrecognized fesimilar. Such analogy is not unusual, and has been
ture of taxonomic heuristics involving the criticalfound generally predictive of estimated features when
central limit theorem (a general rule from physicsadditional specimens become available.

not mathematics) is the general statistical rule that

about 30 samples are sufficient to ensure a norm@uestions posed —One question asked here is
distribution of samples from distributions that are ndtHow does one tell if a specimen’s dimensions are so
highly skewed or multimodal (Games & Klare 1967far outside the expected range that an explanation is
247-248; Yamane 1967: 146). Smith and Welleeeded or a new taxon proposed?” Explanations
(2006) tested the rule, and demonstrated a spectramght be found in extreme habitat variation affecting
of reliability, with 15 samples being sufficient to esthe phenotype, in implied genetic differences, or per-
tablish a normal sample distribution in most normahaps macroevolution-based distinction at the taxon
data sets, and 30 for bimodal well-behaved data selesvel. Informally, an expert in a group can “tell” the
But not even 300 samples are able to deal with heavegative, or get an uncomfortable (or excited) feeling
ily skewed distributions. Using real data sets, howabout unexpected dimensions; but what is the funda-
ever, they found that consistent following of the normental reason or methodological process in this stan-
mal sampling distribution did not begin until 175dard methodology for flagging differences in alpha
samples were made. taxonomy?

Curiously, at least some molecular phylogeneti- If a dimension is found to be greater or less than
cists are apparently able to infer correct species dexpected, how was the expected dimension known,
limitations with a single sample and 50 DNA loci, omparticularly when only a few samples may be avail-
5 to 10 samples and only 1 or 2 loci (Zhang et ahble? When identification of a specimen involves
2011), including distinguishing cryptic species wittsimply distinguishing it from one or a few other spe-
no morphological distinguishing features. This igies, the ranges of variation given in published de-
based on degree of reproductive isolation and relatigeriptions may be kept in mind, but are such descrip-
genetic homogeneity of populations following spetions written in stone? When should the description
cies divergence, according to the authors. The wolle modified by new information? What about distin-
was based on simulations, and the technique is a@gsishing a new species, for example, from a host of
serted to be not misled by samples taken from distasther, similar and variable species in a group? A heu-
areas of a wide-ranging species. Cryptic species ragstic is involved that allows an expert in the group to
ognition and certain narrow assumptions about vaniecognize when one or a couple morphological di-
ance in genetic homogeneity may account for thimensions are unexpected, short of extensive scoring
almost magical taxonomic facility, while assumptiongnd formal analysis.
include pseudoextinction (speciation requiring disap- If the usual range of dimension of a trait is esti-
pearance of ancestor through anagenetic changated through an informal evaluation of variance
yielding two descendants), a relaxed biological sp&ased on observation of many specimens, somehow
cies concept, and concordance of gene trees acrassexpert has an idea what extremes might be ex-
multiple loci to indicate a distinct, stable species.  pected.What is that heuristic™ extremes of ranges

Alpha taxonomy, particularly in revisions, com-are known, then the central value can be estimated by
monly expects adequate sampling of specimens fosing a formula for a central value. Many such “aver-
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age” formulae are known in morphometrics, includspreadsheet dimensions of stem length, leaf length,
ing: thearithmetic mean(the sum divided by the leaf laminal cell size, and spore size. These are, in the
number of values), used to find that one value whickuthor’s experience, a good source of tells and out-
added as many times will also give the total; thkers for taxa, and are generally considered so impor-
geometric mearfproduct of extreme values dividedtant in taxonomy that they are almost always detailed
by the square root), used to find that one value whiéh descriptions. Dimensions recorded were ranges on
when multiplied as many times as there are valussales beginning at zero, and were limited to those
will give the total; and thbarmonic meaifthe recip- providing both the usual range and one or both ex-
rocal of the arithmetic mean of the reciprocals), usdtemes, that is, in the paradigmatic proportional forms
when values are defined in relation to one unit, su¢ga—)b—c(-d), or b—c(-d), or (a—)b—c. Dimensions giv-
as averaging rates. Given that the range of dimeimg only the usual range, that is, only b—c, were not
sions are usually given as proportions, is the goldeacorded because this study is investigating outliers,
ratio, a particularly common proportion in sciencehat is, unexpected extremes as opposed to expected
and art, involved? extremes, outside either low or high values. Authors
This paper proposes that a taxonomic dimensionaho give only two values (only b—c) on a scale for a
heuristic in common use may be formalized by makange are not clear as to whether the values are ex-
ing a general survey of known ranges of metric motreme or usual values or something in between, but
phological dimensions, both of usual and extremiénose who give only one extreme value are here taken
ranges, and distinguishing the basis for estimating as meaning for the other far value to be both the usual
expected low or high extreme such that an observedpected and the extreme observed.
dimension is outside the expected low or high range. Thus, the range values examined represent what
Observed is a curve of frequency of measuremertxonomists will expect and tolerate as extreme varia-
against dimensions of measurements. Since freéen against the central range of usually encountered
guency is not recorded beyond one size class (tbeamensions, generally on a scale of zero to 40 (what-
middle) being “most common,” in a description theever the metric units measured) with precision gener-
data are rendered as a one-dimensional distributionalty limited to whole numbers or one decimal place.
three size classes unique to each taxon. Although it could be pointed out that juvenile fea-
tures necessarily grade from zero in dimension, the
Methods of analysis —Descriptions of taxa involve measurements taken from actual descriptions are as-
skewed paradigms of (a—)b—c(—d), where the ususimed to bound dimensions of mature parts of the
range b—c is larger than the extreme high range c-glant.
which itself is usually larger than the low range a—b. The dimensions were analyzed in Excel spread-
Investigated are the proportions of this distributiorsheets (data available from the author's Web site
assuming high and low ranges are tails, and correlaitp://www.mobot.org/plantscience/resbot/misc/Geo
tion with any fundamental relationships in physics oMean.htm). Four columns included the two values for
mathematics that might determine in part these pritie usual range, b—c, on a scale and a least one ex-
portions. Descriptions of acrocarpous mosses in vdkeme, a or d of the above paradigm. When one ex-
ume 27 of the multiauthored Flora of North Americdareme matched the usual value, i.e., the extreme was
Flora (FNA) (Flora of North America Editorial not given, the value was entered as identical to the
Committee 2007b) and in the first half (pages 1 ttow or high usual value as appropriate. These were
245) of volume 4 of Flora Briofitica Ibérica (FBI) averaged by column (Table 12.1).
(Guerra et al. 2010) were surveyed by entering into a
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Data set Number Raw data averages Ave. a—d Ave. b—c Proportions of | Ratio of bold-
of sam- | (a—)b—c(-d) total range, raw | faced
ples data, %
FNA 305 (5.8-)6.9-10.7(-13.9) 8.1 3.8 13:47:40
FNA abcd 79 (5.2-)8.2-12.4(-16.8) 11.6 4.2 25:36:38 1:1.49
FBI 409 (21.0-)25.0-38.0(—44.5 235 13.0 17:55:28 1:1.65
FBI abcd 124 (26.2-)33.5-49.2(-61.4) 35.2 15.7 | 21:4534 1:1.63
FNA+FBI 714 (14.5-)17.3-26.3(-31.4 16.9 9.0 17:53:30 1:1.77;1.77:1
FNA+FBI 321 (1.5-)1.9-3.2(-4.1) 2.6 1.3 $6:35 1.42:1
Max. of 10
or less
FNA+FBI 177 (44.1-)52.5-79.7(-93.4 49.3 27.2 17:55:28 1:1.65
Min. of 20 or
more
Poaceae 215 (8.9-)10.8-23.8(-31.7 20.3 17.3 | 11:62:18 1:1.64
Smith Hep. 166 (38.9-)43.4-82.5(— 64.1 40.0 07:62:30
103.0)

Table 12.1. —Raw scores of metric dimensions given as the range paradigb+¢é—d)

with occasionally a = b or ¢ = d but not both at once, exbaptdata sets labeled “abcd” are
truncated to only data withoth extreme values given as different from the usual values. Note
that the range Ave. a—d is a large proportion of the ranget@etoNumbers in boldface are
approximately the golden ratio (1:1.618...).

Four additional spreadsheet columns were averages allowed estimating three important dimen-
those same dimensions but “standardized against @ienal proportions: extreme low range a—b (or b mi-
maximum” for unbiased comparison of paradigmatiaus a), the usual range b—c (or ¢ minus b), and ex-
proportions. The first three columns were of low extreme high range c—d (or d minus c), as applying to
treme value or lower bound, a, low usual value, Iall taxa studied.
and high usual value, c, each divided by the high ex- It was expected that the proportion of these three
treme value or upper bound, d. This is an acceptabinges is the essence of the simple dimensional heu-
standardization method because the minimum possistic developed over time by experts (at least for
ble value is zero. These values were expressed these studied taxa) as part of a complex set of heuris-
percentages of d. The fourth column, d, was of coursies for distinguishing known taxa and flagging the
entirely 100. presence of new taxa.

The four columns of standardized values were
then summarized (Table 12.2) by averaging each col-
umn to give a single value for a, b, ¢, and d. The four
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Data set | Scores, stand. to the | Proportions, (a—)b—c(+ Means Possible
max., % d) golden
mean
a |bj|c|d a-b:b— | total G | GM | Ave. | Ave. | HM | HM | Ratios

(max) | c:c—d range,% |M | (b— |(a— | (b— | (a— | (b— | of bold
(a—|c¢) d) C) d) c) faced
d) numbers

FNA 41| 48| 76| 100 07:28:24 ¥D42 |64 | 61 71 62 58 | 59 1.67:1

FNA abcd| 35| 50| 76 100 15:26:2423:4037 | 59 | 62 68 63 52| 60| 1:1.61

FBI 49 | 58| 87| 100 09:28:13 18:57:25 70 7] 7% 78 660 ¥

FBlabcd | 45| 58 81 100 13:23:19234235 | 67 | 69 73 70 62 68 1:1.53

FNA+ 45 | 53| 82| 100 08:29:18 153:33 | 67 | 66 83 68 62| 64| 116l
FBI

FNA+FBI | 41| 49| 81| 100 08:31:19 1B1:33 | 67 | 66 71 65 58 61 1.64:1

“d” of 10

or less

FNA+FBI | 51 | 59| 87| 100 09:28:13 175726 |71 | 72 75 73 67 71 1:1.53

“a” of 20

or more

Poaceae 33 40 82 100 7:42:18 12:64:24 58 57 54 519 |&H4 See
discus-
sion

Smith 44 | 49| 84| 100 5:35:16| 09:62:29 65 64 69 67 61 62 See

Hep. discus-
sion

Golden 19:50:31 1.62:1

ratio or

1:0%0 1:1.62

Table 12.2. — Standardized to the maximum scores, being percentages of lthieduigd d
(max), which is therefore always 100. The proportions betweeres imply the dimensional
heuristic in systematics. The harmonic mean (HM) clearly doematch a—d and b—c mid-
points as well as the geometric mean (GM). Numbers in boldfacemroximately the
golden ratio (1:1.618...). The metric dimension proporfmma Fibonacci series in powers of
the golden ratio is given in last row.

The proportion was expected to be skewed to tliata sets were divided into measurements near zero,
left in that there is little room between extreme lowhat is metric values of 10 or less and measurements
values and zero (or a developmental minimum sizefgr from zero, that is, metric values of 20 or more
while high values are free to vary. The discovere(lable 12.2). This is designed to investigate the value
heuristic proportion was then compared with thef the geometric mean in estimating ranges of a pro-
arithmetic mean, the geometric mean, and the havertional distribution near a magnitude in breadth or
monic mean with respect to the midpoints of thelose to zero (or to a structure’s developmental
usual range b—c and the full range a—d. minimum).

The data sets were also analyzed for only those All metric units are here considered equivalent for
data for which all four columns were of different valthis study because the method depends on the close-
ues, i.e., by eliminating any data lacking one or theess to zero, or a structure’s developmental mini-
other of the extreme values. Thus, only those dataum, of a range on a scale. Close to zero means that
with the form (a—)b—c(—d), with both extremes givethe range a—d is a significant portion of the range
as different from the usual range, were studied (Tabtero to d. The proportional distribution of measure-
12.2), for FNA abcd and FBI abcd). Additionally thements can be considered the same whether a range of
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numbers near zero is measured as in micrometep®rtion was 8:29:18, yielding 25:100:62 with usual
centimeters or decameters, as long as the structuamge at unity. The rough proportion is 1:5:3, similar
measured is properly measured in those units fromtd that of FNA.
unit close to zero and small multiples of that unit.
The raw data are best evaluated after standardizati@iscussion —Basic to biodiversity study is recogni-
and differences in post-standardization proportiortfon, taxonomic analysis, and description of unique
are reflections of real differences associated with ttiaxa, stipulating, however, that some taxa intergrade.
commonly exponential distribution. What are we describing? Something intuitive or even
instinctual as suggested by several modern authors
Results: the proportional heuristic for metric di- (Scotland et al. 2003; Yoon 2009)? Do taxonomists
mensions in mosses— For FNA, a total of 305 di- innately recognize taxonomic patterns (Crum 1985)?
mensional formulae were tabulated, of which 95 wel&so, how?
dimensions of the stem; 102 were of the leaf; 70 were Abduction, the devising of a hypothesis, is a cen-
of the leaf cells; and, 39 were of spores. The FBial feature of the scientific method. A reason is pos-
provided 409 data records, of which 52 were dimerited as an explanation for a given observation (Pierce
sions of the stem; 86 were of the leaf; 237 were of tH©903). There may be many abduced explanations,
leaf cells; and, 34 were of spores. For FNA, 80 wenget, for hypothesis testing, one is singled out as the
of the form (a—)b—c(—d), with all data different; formore worthwhile to test. It can be as simple as edu-
FBI, 124 were of that form. Thus, 0.75 of the FNAcated guesswork or there may be rules for selecting
and 0.70 of the FBI data sets were of data with onlyypotheses for testing. Abduction is usually done
one extreme given, and one end of the usual rantieough educated guesswork or a system of rules.
assumed as also the extreme. A combined full data A taxonomic description is a set of answers to the
set of 714 records was also examined. application of an established set of heuristics. These
The average ranges of the raw scores of metradso known as rules of thumb or genetic algorithms
dimensions (or any unit) are summarized in Table (Hutchinson & Gigerenzer 2005; Gigerenzer 2007).
as four columns. After standardizing the four colCommonly, rules of thumb (Parker 1983) are rather
umns against each other by dividing the three lowdnivial because when used alone they may be incor-
values by the highest, the average was taken of all treet by an order of magnitude, though desperate per-
standardized values in each of the four columns. Fsons value guidance even at that level. On the other
FNA full data set, the standardized to the maximurand, when many different heuristics are applied to
values were 0.41 for a, 0.48 for b, and 0.76 for @ny one taxon, each heuristic is a sort of triangulation
against 1.00 for d (Table 1). The differences betweeasctor helping characterize a real thing “out there”
these average values were given as proportions. Tihat is (well or poorly) definable because of the na-
average proportions between these values are 0.07 tiare of evolution. Descriptions are then complex in
lower bound to low usual (i.e., a—b), 0.28 for low tdeuristically guided character dispositions. They are,
high usual (i.e., b—c), and 0.24 for high usual to uppéowever, even when based on very small samples,
bound (i.e., c—d), then converted again to proportiomgiite accurate in prediction of distinctiveness of a
of the usual range, 20:100:81. The rough proportidaxon, that is, as measured by continued distinction of
using integers is 1:5:4. From this clearly skewed pratewly obtained specimens.
portion, the range of high extreme values can be ex- One fundamental heuristic is that taxa with odd
pected by the taxonomist to be a little less than tlembinations of traits are worth further study. | sug-
range of usual values, while the low extreme valuagest that a formalized basis for this heuristic is Shan-
would be about 0.20 of the range of the usual valuesion’s (Shannon & Weaver 1963) information index,
For FBI data set, the standardized to the maxivhich may be simplified (Brown 2000: 43) as infor-
mum values were 0.49, 0.58, 0.87, and 1.00 (Tabteation content = — log probability, meaning that the
1). The proportions of these values were 0.09 for lolgss expected particular suites of characters are, then
extreme, 0.28 for usual values, 0.13 for high exhe more information they carry, this logarithmically
tremes (Table 1). Proportions with usual range #@icreasing the less probable the trait combinations
unity are 26:100:47, roughly 1:5:2.5, about the sanae. See Pielou (1966) for its use in ecology as a
as for FNA full data set, but with curtailed upper exmeasure of diversity. This heuristic is “common
treme range. knowledge,” yet the information that increases with
For FNA plus FBI full data sets, standardizedinusual combinations of traits is usually not clarified.
scores were 0.45, 0.53, 0.82 and 1.00. The raw pro- Another basic heuristic is that descriptions of new
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taxa should involve the same characters as are in @est in reality, namely through an inferred or ob-
for related taxa. Why? Why not a random set dferved process (Dewey 1950: 12; Giere 2009). Addi-
traits? Clearly so that the same traits can be compatazhally, by reframing systematics as structuralisti-
and a key produced. This is reasoning by analogy, eally dependent first and foremost on molecular
unreliable as induction (Kline 1985: 48), but just asladograms, the phenomenon of statistical certainty
basic to science and as much a part of scientific ifer some sister-group relationships is philosophically
ference as is deduction. Such comparison is, nowaaved” as global certainty. As soon as one adopts a
days, commonly based on homology assessmepturalist methodology and looks for additional expla-
however diffident or informal, and a natural keynation, for instance of a caulistic, macroevolutionary
based on estimated evolutionary relationships is bmsis of classification, then recourse to needed addi-
desideratum. Some heuristics are obvious, and appéanal data from morphology, fossils, or biogeogra-
in introductory textbooks on taxonomy, but somephy, etc., makes near certainty no longer global and
like the Shannon information index, are more diffiwe return from axiomatic structuralism to theoretic
cult to analyze or to explain their application in taxempiricism.
onomy no matter how basic they seem. Thus, theoretically we take as axiomatic, at least
Another heuristic that needs formalization is thaih the mesocosm, many mathematical lemmas (Kline
good taxa have biogeographic ranges similar to oth#880: 263—-264, 1985: 224), but as scientists we al-
taxa. Many biogeographic analyses apparently suprays assume that one can change classifications and
port this. A more difficult heuristic is that one uniquedescriptions with additional information and discur-
trait alone is insufficient in most cases to characterizgve reasoning in the context of a unifying theory
a new taxon. How then this might be formalized ofmacroevolution) entirely apart from the cladogram.
explained is not clear. In this spirit, heuristics may be formalized by re-
course to underlying structures and patterns but
Uncovering patterns: relevance of mathematics avoiding taking the sister-group patterns of clado-
and physics —Formalizing heuristics involves de- grams as fundamental structures in nature.
tailing the structures that underlie heuristic estima- In the face of the present probabilistic basis for
tion, distinguishing templates impressed on the dasgience (Klein 1980), mathematics itself, though ex-
by psychology (e.g., “spontaneous numbers”) froract, is only a hyperexact approximation of real distri-
those impressed by external nature, under the rubkations. Although it is logical that if A=B = C =D,
that nature teaches us taxonomic concepts not viteen A = D, if all elements were probabilistic distri-
versa. Non-psychological patterns are fundamentddutions then a drunkard’'s walk from A to D may
being based on mathematics and physics. For imake A rather different from D. It then depends on
stance, the biology of periodical cicadas involvean observer to check what logic cannot ensure. It the
prime-numbered life-cycles, often associated witeame spirit, cladograms may in practice be exact but
populations at the verge of extinction (Yoshimura ethat they represent needs to be clarified at all nodes
al. 2009). In distinguishing patterns, one must avoifbr any conclusion but the grossest approximation.
structuralism, which is the identification in fields
other than mathematics and physics of apparentBiases and heuristics, fast and frugal —Scientific
unassailable and axiomatic patterns in nature amelalism is itself a kind of heuristic. Although we posit
human thought to be so basic and so like Platonithings out there,” we expect change in the notions,
forms that all relevant analysis and theory is thetiheories, and scientific laws about nature that we are
deductive (apodictic). Structuralism, as a “contenfat present willing to act on, based on new discoveries
free methodology” (Mathews 2001; Overton 1975and new explanations. There are two major schools
was introduced by F. Saussure in linguistics (Balzef psychology dealing with simplified methods of
et al. 1987; Barry 2002), and spread as a postmoderddressing complex problems. There is that of A.
“rejection of all things past” to architecture, art, anTversky and associates, the “heuristics and biases
thropology, literary theory, psychology, psychoanalyprogram,” which focuses to a large extent on misin-
sis, group theory in mathematics, and, as is now everpretations due to bias, and that of G. Gigerenzer
dent, to systematics (Rieppel & Grande 1994: 2493nd associates, which investigates “fast and frugal”
The structuralist slogan “theoretical knowledge ibeuristics that are helpful when time and resources
knowledge of structure only” can be pitted againsre limited. “Fast” refers to simple methods of infor-
the long-accepted completeness criterion, that scienmation processing, and “frugal” means using little
must explain how things manifest themselves as comformation (Gigerenzer et al. 2002: 561). Fast and
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frugal is decision-making under uncertainty, the heu- Some fields of human endeavor clearly condemn
ristics and bias program is unbiased decision-makirapgnitive dissonance as highly damaging (e.qg.,
under certainty. Hughes-Wilson 1999: 252, 262, 302), but there is
Both cladistic morphological analysis and modittle discussion of this in systematics. The equally
lecular systematics are excellent examples of fast amdamous psychological artifact inattentional blind-
frugal heuristics. The method is simple and the dateess is relevant. A well-known experiment by Neis-
are a minor subset of all that could be considereser and Becklen (1975; Simons & Chabris 1999) had
Morphological cladistics yields good indications ofsubjects noting the number of times a ball was passed
which taxa are primitive (those of similar morphol-between actors in a film. Part way through the film,
ogy and found in multiple clades at the base of thenother actor in a full gorilla suit walked through the
cladogram), and which are advanced (those deeglym. When queried after the test, half the subjects did
embedded in the cladogram). Superoptimization afot remember the gorilla because they were focused
cladograms (if necessary weighted to reflect classicah their task. The gorilla in systematics is macroevo-
groups) helps reveal core generative ancestral talkgion. Why is the psychology of bias-tolerance and
and their stirps. Molecular systematics is a fine wagingle-mindedness relevant here? It is because the
to reveal deep ancestral taxa through heterophylynonetization of phylogenetic systematics as Big Sci-
The problem with the actual use of phylogenetience coincides exactly with the crazed worship of
methods is that the correct and useful point of thmammon in economics over the past two decades.
cladistic heuristic, revealing macroevolutionary trandNothing so focuses the scientific mind as the prospect
formations, is ignored, and, instead, nesting of taxa substantial grant funding. In no way do | accuse
on cladograms is taken as a speedy classification. Tpleylogeneticists of dissimulation, rather simply not
considerable random element in both morphologicalosely examining an apparent bargain that is too
and molecular branch orderings cannot be detectgdod to be true.
without process-based theoretic insight. Watzlawick (1976: 50) cited psychological ex-
The heuristics and bias program is also of majgreriments of A. Balevas that demonstrated that “once
importance in understanding present-day systematiestentative explanation has taken hold of our minds,
Gillovich and Griffin (2002) have pointed out thatinformation to the contrary may produce not correc-
there are two modes of thought associated with matigns butelaborationsof the explanation. This means
examples of bias: first, the misapprehension due tbat the explanation becomes ‘self-sealing’; it is a
some intrinsic psychological skewness, the secondcanjecture that cannot be refuted.” [Italics his.]
scientific and accurate evaluation. One example is the In general, because heuristics are not (yet) formal-
well-known optical illusion of two equal-length linesized, they may be compromised by various biases.
each with angle brackets at each end. The line wilor instance, confirmation bias is the preference of
brackets facing outwards seems longer than the liegamples that support one’s own view; logic puzzle
with brackets facing inwards, even though the viewddias is a preference for simpler explanations even if
is assured that the lines are equal. Another opticatong; motivated reasoning looks more vigorously
example was known by the ancient Greeks, nameigr flaws in examples we do not agree with; the sunk-
the refraction of a stick partly immersed in water—itost fallacy encourages continued support for exam-
seems bent though the viewer knows it is not. Exarples (such as particular taxa or methods) in which we
ples of bicamerally dissonant perception in phylogdiave invested much time and effort (Begley 2010;
netics include: a dichotomous tree used to model evistercier & Sperber 2011); and future discounting is
lution although evolution does not often follow suchihe excuse that the future can take care of itself, e.g.,
a model, the principle of two of any taxa necessarilgomenclature can always be changed, therefore mak-
being more closely related than each is to a third everg hasty decisions is corrigible. Additional biases
though the reality of paraphyly makes this not at alhclude statistical multiple comparisons (Zander,
universal, and the use of gamma-distributed model 2007b), and giving undue emphasis to the unex-
molecular systematics even though other distributiomeected, which is a bias because unusual observations
are more likely (the gamma distribution is computacomprise a fairly large portion of a normal distribu-
tionally more tractable). Both biased and unbiasdtbn. Cognitive dissonance (Festinger 1957) is psy-
empirical data can be dealt with and explained bghological inconsistency that occurs when a belief
process-based scientific theory, obviating the presesibes not follow logically from a fact, and resultant
cognitive dissonance of conflicting taxonomic resultpsychological tension is then reduced by changing
using different methods. one of the cognitive elements, adding new elements
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to one side or the other, to imagine one element agstematics (short of strict phylogenetic monophyly)
now less important, to search assiduously for constp a significant extent is a welcome but unnecessary
nant information, and introduce distortion or misinplus.

terpretation of information (Littlejohn 1978: 182). All  Heuristic analysis can give good results quickly
these biases can affect unformalized heuristics, abdt can fail unexpectedly. The results, of course, need
must be accounted for in practice. Yet in all, the trito be tested, while any biases associated with particu-
umph of taxonomy is its continued facility in predictarly heuristics need to be looked for. A particularly
ing the variational integrity of well-studied taxa andfine chart of heuristics and biases was given by
using analogy with variation in similar new, poorlyWhalen (2012). A rephrased and shortened form is
sampled taxa, with continued sampling of naturgiven here in Table 12.3.

worldwide. That it matches the results of molecular

Heuristics and Biases
Name Heuristic Bias
Framing A view of a problem, nestingMistaking your view (e.g., cladis-
represents evolution tic nesting) for the real thing (i.e.,
serial transformation of taxa)
Anchoring An irrelevant or insufficient start-Domination by starting point such
ing point: a dichotomous key, or|aas an evolutionary tree must pe
phylogenetically informative datadichotomous, or a data set is suffi-
set cient

Status quo Fix nothing that is not brokemssuming new is bad

phylogenetics is successful

Sunk cost Resources spent on one solutignResources spent are a real cost of

an estimate of cost of investigatingabandoning an apparently uselé¢ss
alternative solution

Confirmation Proving a solution you have | &xamination of only supporting

hunch about is right evidence can miss a fault

Overconfidence Decisiveness, assurance Fooling yourself

Prudence Conservative estimates of cost Missed opportunities

Risk aversion Anything to avoid ruin Missed opportuasti

Selective perception Knowing what you seek (a claddissed opportunities (a Besseyan

gram) cactus)

Recallability That which is not obvious is dubiNon-obvious features may be im-

ous portant and common (deep ances-
tral taxa)

Guessing patterns Distinguishing trends Seeing patternarthabt real (as
may be evidenced in random data
or in relationships implied by ma-
lecular-strain clustering)

Representativeness An exemplar is the group Ignoring a reguidegpendence
of molecular taxonomy for support
or refutation

Most likely Avoid wasting time on the lessRare or unpredictable events may

probable be very important, e.g. extinction

Optimism Relentless searches Nothing is there so oppaeginit
are missed

Pessimism Duck unpleasantries Missed opportunities

Table 12.3 —Heuristics and associated possible biases in decision makimgihg Whalen
(2012) but slightly modified to fit problems in systatics.
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Psychologically salient numbers— Choice of num- to number 20 in Plate 12.1. The intermediate height
bers may be psychological. Decision theorists hawd numbers 5, 8, 12, 15, and 18, might be explained
found that certain numbers have emotional values as instances of interpolated spontaneous numbers. A
are basic to mental processes for comparing datme drawn through the tops of the columns of promi-
“Prominent numbers” or “full-step numbers” (Albersnent numbers and another for the spontaneous num-
2002) are the series ..., 0.1, 0.2, 0.5, 1, 2, 5, 10, 2f&rs shows that 5 must be counted as a spontaneous
50, 100, 200, 500, 1000, .... These are integer powensmber in the context of this study. Given the excel-
of ten, their doubles and halves. Are these apparentgnt match of the two lines in Plate 12.1 with column
psychologically fundamental numbers selected umneps, it seems—in the present case—more likely that
knowingly by taxonomists to use for the proportionpsychologically salient numbers are based on physi-
of the (a—)b—c(—d) paradigm? In Plate 12.1, 5 is notal and geometrical relationships in nature than that
prominent number. Counting the number of occulPlate 12.1 demonstrates that the data set is generated
rences of the numbers 1 through 20 as given exacftpm purely psychological notional choices. This is
in the raw data of FNA + FBI, the average number dfecause both the present data and associated salient
appearances of 1 is 143, of 2 is 137, of 5 is 90, of Xumbers are close to zero.
is 105, and of 20 is 80, averaging 111.4. For all other The numbers (Plate 12.1) appear to fall off in oc-
numbers less than 20, the average is 42.9, with ordurrence slowly as they increase in value, reminding
“3” at 85 instances exceeding the least common ohe of Benford's law (Benford 1938) in which lists of
the prominent numbers. The number 50 occurs onhumbers from much real data commonly begin with
41 times, 100 only 34 times, apparently following @he first digit 1 at about 30 percent, decreasing loga-
logarithmic decrease. A similar set of psychologicallyithmically to 9 at about 5 percent, and is valid for
salient numbers are “spontaneous” numbers (Alberanges of several magnitudes or for distributions of
2002; Martignon 2002), basically prominent numberdistributions as is the case with the present morpho-
with inserted “midpoints” based themselves omogical data. It fails in the present instance in that
prominent numbers. numbers above 1 beginning with 1 as first digit such
Psychologically salient numbers are summarizeas 11 or 100 do not follow this law.

140 <o

120 -

100 -

80 -

60 -

40 -

20

123456 7 8 91011121314151617181920

Plate 12.1. —Number of occurrences of numbers 1 through 20 as given exactiynbined
data sets FNA + FBI. Psychologically salient “prominent nusibgr 2, 10, and 20 are rela-
tively common, while 5, 8, 12, 15 and 18 may be interpdldspontaneous numbers” of
lesser psychological impact. Other numbers trail off approeinat

-137-



A Framework for Post-Phylogenetic Systematics

Thus, the dimensional paradigm is built, in pariand psychology, namely that the same physi-
with prominent numbers in the raw data set but thesal/mathematical phenomenon that forces perceived
reflect what is expecteabn-psychologicallfrom the taxonomic dimensional proportions towards a geo-
data, which likewise is close to zero. The raw dataetric mean affects cognitive psychology in the same
averages of (14.5-)17.3-26.3(—31.4) approximateay to establish prominent or spontaneous numbers.
(15-)20-25(-30), which matches no sequential Table 12.4 demonstrates that a series of four psy-
prominent number series. Of course, data consisticgologically salient numbers do reflect a tendency of
of numbers 1, 2 and 3 would be frequently in useéhese numbers to have geometric mean midpoints of
given the measurement ranges of bryophytes, bextreme numbers and of middle number more close
equally clear is that prominent numbers do figure ito each other than arithmetic mean midpoints. This
the dimensional paradigm, mainly for convenienbccurs even away from zero. An explanation is that
rounding but also because 1, 2, and 5 are crowd#t psychologically salient numbers are spaced, even
toward zero and 10 and 20 are quite distant, easily afvay from zero, over considerable magnitudes, and
a magnitude difference. Psychologists treat promihese naturally follow the geometric mean midpoint
nent or spontaneous numbers as innate or axiomatitienomenon as do the data. The psychologically sa-
and unconsciously impressed to a large extent dient numbers thus do not introduce the geometric
cognitive tasks involving numbers. This is psychomean into the data, but respond in the same way as
logical structuralism and avoids a causal explanatiothe data to physical reality.
but ascientific theoryis possible unifying taxonomy

Prominent num-| Range starting at 1, | Proportions | GM (a—d) | GM (b—c)| Average | Average
ber series b—c is largest interval of total (a—d) (b—c)
range, %

1,2,5,10 (1-)2-7(-10) 11:56:33 3.2 3.2 5.5 3.5
2,5,10, 20 (1-)3-13(-18) 6:58:29 6.3 7.1 11 7.5
5, 10, 20, 50 (1-)6-36(-46) 11:67:22 15.8 14.1 275 | 15
10, 20, 50, 100 (1-)11-61(-91) 11:56:33 31.6 316 | 5 5 35
20, 50, 100, 200] (1-)31-131(-181) 17:55:28 63.2 7 70. 110 75
50, 100, 200, (1-)51-351(-451) 11:67:22 158.1 141.4 275 150
500

Table 12.4. — Psychologically salient “prominent” or “full-step” numbersyely the se-

ries...,,0.1,0.2,0.5, 1, 2, 5, 10, 20, 50, 1@, 500, 1000, .... Contrived ranges starting with
1 are given based solely on the intervals between four consguominent numbers, where

the largest interval is b—c, the next c—d, and the smalidsisahere summarized. For in-
stance, for 1, 2, 5, 10, the intervals are 1, 3, 5, transiatedhe paradigmatic proportions
1:5:3. The geometric mean midpoints of a—d and b—c are clewang similar than are the
arithmetic means (averages). Compare proportions of total namggrcent with the propor-

tions of a Fibonacci series in powersggfwith (a—b):(b—c):(c—d) equaling 19:50:31. Promi
nent numbers are better considered determined in part by krowital/mathematical phe-
nomena associated with geometric means than as psychologidaltyatiz, because they
range across magnitudes.

Geometric Mean —The distribution is skewed, i.e., dimensional or proportional ranges.

the first portion of the tripartite proportional distrib Fermi Problems (Morrison 1963; Weinstein &
tion (a—)b—c(-d), is always smaller than the third parRdam 2008) are a silly but instructive example of
and is in part explained by the upper range approxiery informal heuristics. “How long is a piece of
mating a similar multiple of the lower range. Thisstring?” for instance, would be answered by the
involves the geometric mean, a measure long usedghysicist Enrico Fermi as follows: The minimum
informal estimation of dimensions (Morrison 1963jength would be, say, 1 inch (2.5 cm) because less
Weinstein & Adam 2008: 3). The geometric mearthan that is a bit of fluff, and the maximum length
which is always lower than the arithmetic mean, hasould be, say, nine inches (22.8 cm), because more
been proven effective at estimating central values than that is a length of twine, i.e., long enough to be
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useful. To find the geometric mean, multiply the valthat the geometric mean is a joint explanation or at
ues and take the square root. So the length of a pideast intrinsic factor for three physical phenomena
of string is three inches (7.5 cm), which feels is aboGould’s wall, psychologically salient numbers,
right as the usual guessimate for this question. Atkewed dimensional metrics in systematics) is af-
though rules of thumb are often right only within arfected by the multiple test problem or is independent
order of magnitude, this use of the geometric meaof it. (The reader should keep alert for multiple test
can provide a pretty good though facile guess. problems that the present writer may have inadver-
So . . . then, “How far is up?” Stop now for atently introduced as the rest of this book is read, and
moment and do the heuristic calculation. My owrthe same should be done in the future when reading
answer, following Fermi’'s method, is: the minimumother systematic papers.)
height would be a bit above eye level, say, a little The geometric mean in morphometrics is used as
more than six feet (about 2 m), while the maximuma standard proxy for overall size (Roseman 2004),
would be 62 miles (100,000 m), or the official lowersuch as using the geometric mean of the length and
limit of space (fide Wikipedia) where there is nowidth rather than the maximum dimension to model
“up.” The square root of the product of these measentroid size (Kosnik et al. 2006). Here, “close to
ures in meters is 447, thus “up” is about 0.28 miles @ero” means that the range b—c is a significant portion
1478 feet (447 m) above us. of the range zero to c. The geometric mean is equiva-
The possible error in the “up” problem is doubtient to a weighted mean of log-transformed data
less greater than in the previous example, but ndteolf 1990). Dimensions particularly applicable are
that the Empire State Building is 1250 feet (381 nthose that span or almost span a magnitude, such as
tall (fide Wikipedia) while the Sears Tower is 145lone to ten, or two to 20, as is common in systematics,
feet (442 m), and only three buildings worldwide arand such magnitudes are common on scales near
higher than 1500 feet (457 m). So “how far is upzero, and particularly involving exponential distribu-
might be explained as a bit higher than the talletibns.
buildings we know of, which seems sensible in an Comparison of average percentages of total range
odd way. Few of us have high mountains nearby witlor all data sets show data ranges close to zero (“d”
which to challenge and expand our estimate of “upé&qual to or less than 10) have greater difference be-
On the other hand, this is probably an example of theeen a—b and c—d values than ranges away from
multiple test (or multiple comparisons) problem, irzero (“a” equal to or greater than 20), indicating that,
which good explanations are come upon by coincguite naturally, the geometric mean is less involved
dence or random casting about. What if, for instanci the latter. FNA + FBI with raw data “d” limited to
the highest measure was taken to be the height of th@ or less had a total range percent ratio of 13:54:33,
highest mountains? the highest clouds? the top of thile the same data set with raw data “a” limited to
troposphere? What if | had chosen the distance to tA@ or more has a ratio of 17:57:26.
Moon as the maximum height, what would we find at
the geometric mean between the Moon and th&olden Ratio — The golden ratio of ca. 1:1.618...
Earth? Support for an inference must come from afkivio 2002):
other, independently supported inference from differ-

ent information to avoid the multiple test problem. 1+\/§
The correct way to find such support would be an
independent psychological investigation of what 2

height “up” is to a sampling of human population.

The multiple test problem in statistics is a recurs often approximated in the (a—)b—c(-d) paradigm
rent theme in this book because searching for mdfables 12.1 and 12.2), where a-b, c—d, and b—c in
phological support for inferred molecular evolutionthat order comprise at least in part three elements of
ary relationships often finds apparent support bifs “continued fraction” (Weisstein 1999a). The geo-
such morphological traits are seldom analyzed to sgtric mean is the only well-known relationship that
if they do stand on their own and are significantiglearly explains or predicts the dimensional heuristic
better than the best alternative morphological traift taxonomy in that it is commonly used to calculate
combinations. Mutual support requires separai@ many fields central values in proportional ranges.
evaluation of two phenomena. Corroboration canndinked closely to the geometric mean is the golden
be had from coincidence. The reader must decid@tio, also known ag (phi), as it is associated with a
whether or not, as is done in this chapter, the findifgbonacci series in powers of the golden ratiop,1,
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0% 9% 0% 9°, 0% ¢, 0% ¢° .... (Fibonacci means mean also = 6.
“son of Bonaccio.) For this particular logarithmic The golden ratio stares scholars in the United
series (Gardner 1982: 65), each value is the sum Sffates in the face every day because common paper
the previous two, and also the square of each valuesige proportions approximate the ratio closely. For
the product of two equidistant values. The basic Finstance, 3 by 5 inches = 1:1.667; 5 by 8 inches =
bonacci series is: 1:1.600; 8.5 by 11 inches = 1:1.668.
It is well known (Stewart 2011) that successive
1,1,2,3,5,8, 13, 21, 34, 55, 89, 144, 233, 377 leaf primordial commonly obey the Fibonnaci series.
As each primordium is initiated, it pushes the previ-
For exampleg® squared is the product of and ous two apart to an angle of about 137.5° (the
¢°, or of ¢® and ¢* i.e., involving the geometric “golden angle”). The Fibonacci series also commonly
mean. The series may be extended below 1 as reaijetermine the number of petals in a flower. There
rocals. Although the match of shared geometrianother series, the Lucas series, which is responsible
means of a—c and b—c is fairly clear from the dat@r development in four petaled flowers or 4-spiralled
(Plate 12.2), this does not account for the relativeacti:
ranges of a—d and b—c. For any b—c range, there may
be a number of a—d ranges with identical geometric 1, 3, 4, 7, 11, 18, 29, 47, 76, 123 .....
means, and vice versa, e.g. for 4-9 as b—c the geo-
metric mean = 6, while for 1-36 as a—d the geometric

80
70
60
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30
i, I
10
¢ 9% o7 96 05 ¢t H o

2 ¢ 1

Plate 12.2. —Fibonacci series as powers of the golden ratjof about 1.618) for ..g°,
0% 0", 0% 0°, 0% ¢ 9% ¢, 1, reversed from standard order. The curve is logaritheaich
value is the sum of the previous two (reading backwardbetteft, from 1) , and the square
of each value is the product of two equidistant valuesgp&sguared is the product ¢f and
o> or of o®and ¢*.

The proportions of total range in percent with th@ever so far apart that they may not be interpreted as
proportions of a Fibonacci series in powerspofis contiguous sequences on the Fibonaepower se-
(a—b):(b—c):(c—d) equaling 19:50:31. The golden raies times a constant. (The constant may be character-
tios as appear in the raw and standardized data (Tstic of an organ or a species.) This could explain the
bles 12.1 and 12.2) are from data that mostly afeirly uniform balance of proportions in all dimen-
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sional paradigms with a—b smaller than c—d, and b-e¢ “wall.” Mutations occur that equally support
largest of all in the present data. Circumstancegpeciation towards both smaller and larger size and
would be felicitous if the data did show exactly a Fieomplexity, yet a basic structural limitation in size
bonacci ¢-power sequence in all elements of théavors “drift of a small percentage of species from the
paradigm at once, but this is a first attempt at formatonstant mode of life’'s central tendency towards the
ization of this heuristic. In Table 12.1, most of thenly open direction for expansion” (Gould 2002:
raw data paradigms demonstrate proportions of &99).
b:c—d approximating the golden ratio, but the ratios Data from FNA and FBI together were used to list
of c—d:b—c were ambiguous. Only the combined FNAIl standardized a—b and c—d values in two columns
and FBI data sets showed all three elements to beiina spreadsheet. The data were sorted in increasing
the proportion of the golden ratio. Much the sameange values first on a—b and secondarily on c—d. A
thing is shown in standardized data in Table 12.graph (Plate 12.3) of the full standardized data set
although FNA + FBI only matches c—d:b—c with theplotting range as percent of total against numbers of
golden ratio. When the data are reduced to onipeasurements shows a—b at zero on the left leaving
those data identified as “abcd” for which all elementgero about mid x-axis and rising towards the right in
a, b, c, d are given and they are different, a—b:c~»@lue. The x axis baseline of zero range represents
show the golden ratio. It may be that when authors dloe Gouldian wall of evolutionary developmental
not give a, here assumed to mean that they meant ammimum size for the traits mapped. This is because
b, the authors inadvertently added the data to b~when a—b is near to or essentially as zero (as esti-
making the b—c range larger than it would be if it folmated by the taxonomist) the extreme variation of c—
lowed the golden ratio in respect to c—d. This would that is potentially contributory to future macroevo-
account for the smaller size of b—c for data from thleition is mostly larger than the range of a—b. Inas-
“abcd” data sets with all four elements given and difmuch as c—d is also sorted by increasing range, any
ferent. tendency to match the increasing range of a—b on the
It is possible to find other standard proportionsight of the plot would have been accentuated, but
that approximate, probably by coincidence, those difiere is little correlation. There are almost exactly
the above, including the major harmonic proportionsvice (2.02 times) as many diamonds at zero on the
in music of 1:2 and 2:3 (octaves and fifths) and thieft of Plate 12.3 as there are circles at zero on the
harmonic mean (Table 12.2). Theory should addresight of the plate, which reflects a clear tendency of
however, all physical phenomena that are relevarguthors to skimp on reporting a—b over c—d.
where relevant means clearly explainable by that
overarching theory, but explanations that involv8iophysical fields of macroevolutionary consis-
physical and mathematical relationships also seentence —Fields in physics are ways to explain or at
other scientific fields are certainly preferred. It ideast describe forces that act at a distance, like elec-
easy to match numbers with ratios particular to othétomagnetism and gravity. There are evolutionary
phenomena because there are only so many largeles” that have been suggested that try to explain or
fractions, and numerology must be avoided. Stewddrmalize biological tendencies across taxa, such as
(2011: 54) pointed out that there are exaggeraté&lover's rule that highly pigmented animals are more
claims for the golden ratio, any use of it in biologicausually found near the equator, that is, in more humid
development must point out a “deeper model ienvironments; Bergmann's rule that correlates geo-
which the golden number turns up for solid structurajraphic latitude with animal body mass; Allen’s rule
reasons.” The correlation with the geometric mean that animals in colder climates tend to have shorter
relative measures near zero, | believe, is just suchimbs or at least larger body mass to surface area
basic phenomenon. proportions; and a corollary to Allen’s rule, Hessen’s
rule that animals in colder climates have larger
Gould's Evolutionary Wall — Gould’'s (2002: 897) hearts. These rules are often debated and various
speciational reformulation of macroevolution involvimechanisms are proposed to account for the observed
ing minimum structural constraints on size may btendencies.
invoked to explain the large extreme range, c—d, A corollary then to the idea that there may be
compared to the small extreme range, a—b. Goufdany physiomathematical fields affecting taxonomic
asserted that apparent directionality of evolution inharacters is that certain data may not be randomly
many cases is simply due to the existence of devglenerated as once thought, and cannot then be cor-
opmental limits on evolution of smaller size, a kindectly analyzed by assumptions of normal distribu-
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tions. For example, in some cases, chi-squared analy-
ses must give way to large-sample statistics.
0.90
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1 27 53 79 105 131 157 183 209 235 261 287 313 339 365 391 417 443 469 495 521 547 573 599 625 651 677 703
Plate 12.3. — Plot of standardized ranges of a—b (black diamonds) andopes circles)
for all data of FNA + FBI, Both ranges are sorted byeasing size, the y axis is percent of
total range for that measurement and the x axis is of sequeumtidders given to each meas-
urement. On the left, the plotted data points show c—d dsiels well distributed over a—b
(diamonds filling the x-axis) on the baseline of zero ranga+b, and on the right, while a—b
(diamonds) rises, c—d (circles) are almost as well dis&ihlbut because the a—b line (dia-
monds) rises slowly, c—d data points (circles) are fewer betileesiowly rising a—b line and
zero. The values of zero on the right for c—d seem to be (aaiyally half those of zero for
a—b on the left), but in fact do not affect the calculationgeafmetric mean. The baseline of
zero range is the Gouldian wall of minimal evolutionary develaptal size, with c—d free to
vary against much restricted values of a—b.

Standard deviation — The actual data appear tothe ratio of (c—d) to (a—b).
approximate the first standard deviation of 66:34 per-
cent for a—c:c—d. The standard deviation is defined B8scussion of scientific intuition exemplified in the
the square root of the variance where variance is theetric dimension heuristic —The discrete geomet-
expected value of the squared difference between the distribution (Weisstein 1999b) which affects the
variable’s realized values and the variable’s mean. proportional distribution of the dimensional paradigm
an exponential distribution the variance is the squarises rapidly near zero, but becomes flat away from
of the mean. zero. Expected, then, is a tendency to left skewness
The proportions of the Fibonacci series in powensear zero (i.e., the b—c range is moved left in the dis-
of the golden ratio ¢f) is, for (a—b):(b—c):(c—d), tribution). Taxonomists familiar with actual meas-
0.19:0.50:0.31. Thus the middle range of the metriecrements using the paradigm perceive over time that
dimension, if it were exactly in powers @f is ¥2 the measurements from the actual geometric distribution
entire distribution, nots as with the standard devia-in aggregate result in a broad range of usual meas-
tion. The ratio of (b—c) to (c—d) is, however,as is urements, smaller for the high extreme range, and

- 142-



Chapter 12: Scientific Intuition and the Hard Scien

least for the low extreme range. Both the geometrdistribution with two tails is detected reflecting dis-
mean and the golden ratio are fundamental mathigibutions of samples. (2) The informally observed
matical and physical constructs, thus, theoreticallgkewed distribution is then represented in descrip-
the dimensional heuristics for the (a—)b—c(—d) taxdions by (a) sliding b—c to the left within a—d. This
nomic paradigm are well grounded. All samples opproximates a left-skewed distribution with match-
(a—)b—c(—d) are far over 30 in number (and satisfy theg geometric mean midpoints of b—c and of a—d,
normal sample distribution). They are based on traithich is entirely expected for ranges near zero or
distribution from scoring, however informal, of mul-comprising much of a magnitude, or both. (b) The
tiple specimens of each taxon. Calculation of theelative proportional sizes of a—b, c—d, and b—c ap-
means from the large samples minimizes outliers. proximate a constant times each of three contiguous
The geometric meamakes the high range of anyvalues of powers of the golden ratipgr 1.618...) as
series, particularly ranges of large spans, a similgiven in the Fibonacci series ...p1/1/0% 1/p, 1, ¢,
multiple of the low range, establishing a midpoint?, ¢°, ¢*, ¢°, ¢°, ... . These intuitive judgments, al-
usually lower in value than that of the average of thilaough newly presented here as important theoretic
lowest and highest values. For instance, if the mighossibilities, are supported by the evidence, and may
point is 10 and the lower bound is 5, then 10 is Be entirely expected because they are associated with
times the lower bound and the upper bound should paysical and mathematical relationships found in
2 times 10, or 20. Mathematically, the geometriother scientifically investigated natural phenomena.
mean is the square root of the product of the extreme The bryological data, at least, match the heuristic
values. Checking the first calculation, five timesvell. The hyperprecise ideal or bull's-eye measure-
twenty is 100, the square root of which is 10. ment for dimensions near zero has the proportions
If a measurement is inside the a—d range, it is1a2.6:1.6 reflecting the two golden ratios (a—b):(c—d)
“tell”, and if outside, it is an “outlier” and indicates and (c—d):(b—c). This is about (1-)2—4.6(-6.2) in met-
that study of other taxa is necessary; if inside the b+ic dimensions along a gradient starting at 1. Devel-
range then confidence is warranted for this trait, dpmental differences unique to a taxon may cause a
outside but within a—d, additional traits might bechange in the ratios particular to the organ measured,
checked. Because an experienced taxonomist caug. for mosses, the ideal ratio for leaves would be
give an estimate of the usual range of dimensioné.5-)1-2.6(-3.4) mm along a gradient. Also any
variation of a structure from the variation within asignificant differences in expected ratios may signal
collection or between a few collections, the dimendevelopmental, evolutionary, or researcher bias ef-
sional heuristic may be expected to be accurate. fects that could or should be examined. Casual pre-
Given that doubtless many heuristics are used fbminary analysis of several multiauthored treatments
taxonomically significant morphology, and that thesef Poaceae (Flora of North America 2007a: 1-284)
“triangulate” to well-characterize a taxon, an experiyield the raw data ratio (Table 1) of 11:62:28, with
enced alpha taxonomist has at hand a set of tools that28 near the golden ratio, and standardized propor-
should not be deprecated. tions of 12:64:24, which match the golden ratio only
The main point of this discussion of formalizationf 12 and 24 are added, which yields 1:1.78 as a ratio
of taxonomic heuristics is that if one knows whafor a—b + c—d:b—c. A treatment of hepatics (Smith
proportions or ranges of (a—)b—c(—d) have been estd®90: 1-164) was also casually investigated, and al-
lished by experts (or oneself), then for a new spedhough the raw data yielded no illumination, the stan-
men examined, one can predict from even a few trailardized data ratio of 9:62:29, when a—b and c—d are
whether such experts might consider the specimenadded, gave 1:1.63 as ratio of the added ranges and
be a new taxon or not, and perhaps encourage lotec. This may indicate that all the authors did follow
tion and investigation of more specimens, or a déhe golden ratio as well as the geometric mean shared
scription as new. midpoints (Table 12.2) but (unconsciously perhaps)
The only really clear statistical explanation forused only one pair of values on the Fibonagci
these ratios is the geometric mean, which is known power series, in any case clearly signaling a rather
operate in distributions near zero where the distribsteep observed curve with small tails.
tion is a large proportion of the extreme and zero, or This is a first pass at formalization of the dimen-
large portions of a magnitude in range, and which &onal heuristic in taxonomy. Further work, if ex-
commonly used in calculations involving propor{perimental, might involve a set of naive taxonomists
tions. The data strongly suggests that the dimensioredch duplicating the study of sets of the same taxa so
heuristic is of two parts. (1) A skewed logarithmidiiases of taxonomist and of dimensional variation
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from the normal unique to a taxon or trait might béonships. It may be incredible that taxonomists fol-
analyzed. Failing this, quasi-experimental (Cook &ow to such an accurate extent the geometric mean
Campbell 1979) analysis like the present study miglaind golden ratio in the dimensional heuristic but, be-
be extended to published papers on other taxononuause these physical guidelines are essentially least
groups, individual traits, and a variety of taxonoeffort troughs in a curved data space like the world
mists. Given the paucity of taxonomists, and even thi@es of relativistic space, any other result should re-
possible bias introduced by reading the present paseit in a search for bias.
towards a “correct” proportion, dimensional heuris- An additional observation is that if alpha taxon-
tics may be not investigated successfully in the fleamy, as an abductive science, is formalized to any
ture, but actual scoring and plotting of sampled olgreat extent, criteria are then available for review and
servations in a variety of taxa and traits may provide@dgment of taxonomic papers, including description
a guide to what may be expected in reporting peof new taxa and new combinations, as opposed to the
ceived dimensional ranges in standard descriptions.present practice of “the expert knows best,” relying
Empirical phenomena, not mathematics, informen a proven authorial track record, or overall plausi-
science. Mathematics, in my opinion, only “approxibility of the hypothesis. This also addresses the
mates” with extreme precision the probabilistic antiqualia problem,” which asks do different persons
fuzzy data of empirical phenomena. The precise ceperceive the same thing the same way? Is there a
tral framework of math, however, is a guide to physifundamental difference in perception that might af-
cal reality. It is our innate human ability to perceivdect acceptance of scientific realism as a general phi-
and appreciate fundamental physical relationshipksophy of scientists? If physical fundamentals are
like the geometric mean and the golden ratio, thaivolved in data collection, then certainly different
allows us to do alpha taxonomy. Although psychogpseople view the same things except for psychological
logically salient numbers are involved in the dimenbiases, which can be documented and allowances
sional heuristic, it is clear that the decisive templatmade.
in the dimensional heuristic of taxonomy involves
perceived physical, not innate psychological, rela-
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CHAPTER 13
The Macroevolutionary Taxon Concept

Précis —The macroevolutionary taxon concept is a sleeve or sabot teatayiy taxon theo-
retic justification along the lines of descent with modificatitt extends the macroevolution-
ary species concept to all taxa of any rank capable of being mappedesnlutionary tree as
progenitors of extant species or genera of a different taxdmeafame rank or higher. Argu-
ments are marshaled in support of Darwinian evolution ofaa¥iae rank of genus or higher,
though this concept is not necessary for the present Fraingwvprovide macroevolutionary
insights. This is a generalized treatment extending the serpenafive principle of Chapter 8
beyond the genudidymodon(Pottiaceae, Bryophyta).

The macroevolutionary speciesconcept (MSC) — few specimens per taxon (of the lower ranks) and
A macroevolutionary species is any species concgmptovides inference of genetic and isolation events that
capable of allowing a classical, morphological (oresult in nesting of those specimens, but not necessar-
other expressed traits fairly easily viewed) descriply revelation of speciation events. Inference of
tion, and also demonstrating macroevolutionargpeciation events requires both dense sampling at the
transformations on a caulogram. A caulogram is t@axon level, and evaluation of non-phylogenetically
cladogram in which all nodes are named at the lowesformative information, i.e., inference of progenitor-
rank possible using both phylogenetic and nonphgescendant relationships.
logenetic information. The highest rank possible is The standard cladistic tree is reconceived as a
the lowest rank inclusive of all exemplar taxa in theaulogram where nodes are named at the lowest pos-
clade distal to the node; the lowest rank is the nanséble rank given phylogenetic and nonphylogenetic
for an inferred ancestral species represented by onéormation on direction of evolution at the taxon
or more exemplar specimens. The macroevolutionafgot character) level. Non-phylogenetic information
species concept (MSC) differs from the evolutionarincludes biosystematic data and taxon-level Dollo
species concept methodologically in being restrictegvaluation together termed “superoptimization.”
to only those species actually demonstrable as iMacroevolutionary species are the fundamental taxo-
volved in macroevolutionary transformations, that ispomic units distinguishable as species that are recog-
one species inferred as giving rise to another speci@gable as taking part in theoretical taxic transforma-
or a taxon of higher rank. There are multiple reasotions on the caulogram. This requires careful distin-
for speciation (budding, sympatric, isolation in vari-guishing of pseudoextinction and budding evolution
ous ways, strong selection, founder effect, polyploidgt each node. The most revealing information about
and neo- or subfunctionalization, etc.) and multiplenacroevolution comes from superoptimization of
species concepts that may apply to some taxa and olstdograms and from morphological and molecular
to others. There are ways of describing speciatimirain paraphyly, presently suppressed in phylogenet-
that may show valuable research directions, such ias as antithetical to classification by clades. Support
“symmetry breaking” (Stewart 2011: 204; Stewart efor macroevolutionary species may be calculated in
al. 2000). part from relevant clade support.

The inference of macroevolutionary species may
start with any species conceived according to marfyhe macroevolutionarytaxon concept (MTC) —If
standard concepts associated with alpha taxonorthat which holds species together is not clearly de-
for which a formal taxonomic description basednonstrable as cohesive or balancing forces consistent
largely on morphology can be generated. The data faith the biological species concept (BSC), then such
these species can be presented in a transformatioftates are unknown, probably some combination of
context using cladistics and some optimizatiodlevelopmental constraint signaled by conservative
method, e.g., maximum parsimony or Bayesiamorphology, and ecological constraints. It is evolu-
Markov chain Monte Carlo. Morphological cladisticstionary stasis, enforced by some combination of long-
provides natural keys to taxa when appropriateljved habitat and stabilizing selection, that is just as
weighted and/or divided into subsets with locallymportant an evolutionary force as is adaptation (Pat-
conservative traits. Molecular phylogenetics is pregerson 2005). Therefore, since such forces are possi-
ently limited by being restricted to analysis of one obly plural and now not well understood, the MSC is
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applicable to any genus or higher rank that is amenias. A hypothesis of a macroevolutionary transforma-
ble to analysis of macroevolutionary transformatiortjon is equivalent to finding “hidden variables” in
e.g., on a cladogram. Thus, we may consider a magzhysics. This is not a trivial comparison because
roevolutionary taxon concept (MTC). Darwin’s explanation of evolution is as fundamental
Evolutionary stasis may not be a function of lack scientific theory as any in physics.
of selection, say in microenvironments, but may be a
kind of reverse Red Queen hypothesis. Instead ®he macroevolutionary genus concept (MGC) —
constant change to keep up with the changes on co@ladistic analysis involving morphological trait
peting organisms, an organism in evolutionary stasihianges is not much better than phenetic cluster
may be following a kind of Nash equilibrium (May-analysis in that parsimony fails as a discovery proc-
nard Smith & Price 1973; Stewart 2011: 219) iress. This is because, although morphological traits
which no mutant can successfully invade a parentay be generally independent and uniquely distrib-
population. uted as homologues, preadaptation of traits to new
The simplest MTC is simply Darwinian selectionenvironments links them through selection. Thus, if
of species in a genus or genera in a family as enthiree traits are needed for survival in a new biorole,
ronments change; e.g., with dryer climate, those spidsree must be forthcoming, and they are then equiva-
cies sensitive to aridity die out and others evolve th&nt, parsimoniously, to one trait. There is evidence
are resistant, but having the same conservative trailgt rates of speciation are greater than rates of eco-
(which are not affected much by environment withilogical change and adaptation, with internal parasites
limits) and same developmental constraints that préBrooks 1985) and insects (Ross 1972). Although this
mote stasis at the genus level. The differential extintadicates that much speciation (with attendant diag-
tion of species may also occur in groups of species mbsable traits) is associated with isolation mecha-
the same genus occurring in different geographic loisms that are not associated with environmental or
calities with different environmental conditions. Thegeographic isolation (e.g., allo- or autoploidy) and
environmental influences that keep taxa stable atleen are neutral or tolerably counter-adaptive for that
adaptive in trimming new traits that are less effectiveiche, it also indicates that considerable genetic di-
in competition or fatal in the stable environment. Thigersity merely awaits the isolation mechanism and
concept, involving selection towards and away fromredates niche openings.
stasis functioning in unique environments for particu- Taxa at higher levels than species have long been
lar taxa, may be termed an “envirosome” (i.e., theonsidered merely convenient, subjective groupings.
paragenetic regulator of Bock 2003) in analogy wittAccording to Lindley (1853, fide Coggon 2002: 18),
chromosomal control of stasis and change in panmitBut as the Classes, Sub-classes, Alliances, Natural
tic species suitable for the BSC. The effect, give@rders, and Genera of Botanists have no real exis-
Darwinian selection of separate taxa, is the sam&nce in nature, it follows that they have no fixed lim-
This is a catch-all concept, and does not replace sgis; and consequently that it is impossible to define
cific explanations for particular processes unique tinem.” This is not necessarily so.
certain species and species groups. Nature teaches us our taxon concepts. The super-
Genus and higher taxonomic ranks are operatiopptimization of the moss genusidymodonabove
ally the same as the macroevolutionary species whrund that the genus was the basic element of (dissil-
they, too, can be detected in a caulogram. Thus thent) evolution for this group. Thus the macroevolu-
macroevolutionary species concept can be extendgohary genus concept was paramount in its taxonomy
to a macroevolutionary taxon concept, whether or nand classification. Other groups may have different
arguments that higher taxa are only human constructsncepts as basic to their evolution and classification,
are valid. The MTC is a theoretic interpretive andut any concept limiting pseudoextinction militates
guiding jacket, sleeve or sabot that works with anggainst the fundamental phylogenetic method requir-
species concept (e.g., biological, ecological, evolung that two of any three taxa at the same taxonomic
tionary) that can generate a standard taxonomic devel must be more closely related. This last is imme-
scription and also is amenable to analysis of macrdiately falsified when an ancestral taxon may be in-
evolutionary transformation involving higher taxaferred for two or more daughter taxa.
Most species concepts are definitions of species-in- Both mutations ircis+tegulatory sequences and in
themselves. The MTC is a definition invoking agene-associated tandem repeats (Frondon & Gardner
process relationship involving two or more taxa2004) have been associated with rapid evolution of
Macroevolution is the guts of evolutionary systemaiphenotypic traits. The conservation of such gene-
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associated orthologous tandem repeats across mdemtial of an abundance of pre-adapted, pre-speciation
malian orders despite high mutation rates have bephenotypic traits that confound any exact probabilis-
shown to be indicative of strong stabilizing (nontic expectations of parsimony analysis.

neutral) selection. Thus, we have the theoretical po-

U

\.

Plate 13.1 Stylized evolutionary tree of two genera with the disstligenus as the opera-
tional basic evolutionary unit. The dendrogram exemplifiesigidgvel speciational bursts. A
supergenerative core species with a radiative set of descendant gaetiespecialized in

habitat, range or morphology compromises one genus; argghas of similar complexity is

evolved from the first core supergenerative species. The core migxpregerves general-
ized traits, which leads adaptively to enhanced evolvability.crtler of speciation is given

by numbering the ancestral and descendant taxa. The dissiliesst igamt a fully generaliz-

able concept because it is nature that teaches us both spedeghemdaxonomic concepts,
but it is useful for some groups.

According to Arendt and Resnick (2007), becaudelism expected to be based on the same genomic
genomic analysis has demonstrated that the sampa&thways, and convergence on different) breaks
genes may be involved in the same phenotypic adagswn. The authors recommend that “convergence”
tation in quite distant groups of animals, while differshould be the general term. Given the findings of Ar-
ent genes are apparently the source of the same phedt and Resnick, evolution of the phenotype based
notypic adaptation in related groups, the usual disn static expressed traits may be quite disconnected
tinction between parallelism and convergence (pardtom evolution of the genotype though remaining
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based on it, and this is a rather different perspectiygeologic) time-span in certain lineages, called the
than changes in mostly non-coding traits used iteffect hypothesis.” The phenomenon of “macroevo-
tracking phylogenetic relationships. lution lag,” in which the origination of a major group
Just as a species may be operationally defined iasfollowed by a quiet phase that itself precedes an
the basic unit of taxonomy, a genus may be defineithcrease in diversity (Jablonski & Bottjer 1990), im-
however annoyingly vague or unexpectedly exact, gdies selection-like pressures on the supraspecific
the basic unit of groups of species. In those casestaxon. Barraclough (2010) argued that both species
which evolution must be analyzed by examiningind higher level phylogenetic patterns can be ex-
groups of species for a central evolutionarily activelained or at least described by equilibrium explana-
core species, then operationally, in these cabes, tions.
genus is the unit of evolutioifhe reason the genus  When species of a genus or of a geographically
may be considered the unit of evolution in somésolated part of a genus are affected by changing cli-
cases is that the whole radiative complex needs to bmates and habitats, sensitive species die out and
examined to determine the ideally generalist, Dollmewly evolved species of that genus are adapted in
primitive, ancient-habitat dwelling, widely dispersedvarious ways. Clearly the genus or part of a genus
progenitor, or to hypothesize one. Examination of thevolves “anagenetically” in this case, and one genus
evolutionary tree oDidymodongiven in Plate 8.1 or part of that genus changes into another. This fol-
provides evidence that some genera can be defined@ss the Court Jester Hypothesis that changes in the
a cloud of derived species around one supegphysical environment instead of biotic interactions
generative progenitor core species, in addition twan be initiators of major changes in organisms
morphological distinctiveness. That is, there i¢Barnosky 2001).
clearly a clearly definable second level of organiza- Chase et al. (2000) pointed out that there is a
tion in some groups above the species level—a germwonounced tendency for close relatives at the fam-
is not an ad hoc grouping of convenience in thosly level to develop traits in parallel”; their word is
cases. “develop” implying necessarily de novo speciation
Given the idea of descent with modification ofevents, yet a better and less bold hypothesis is simply
taxa, genera evolve frorspeciesof other genera shared expressed traits of a joint ancestral taxon.
when a new species of one genus is sufficiently evo- There are problems with premises in evaluating
lutionarily distinct to be flagged as an evolutionanglassification based on morphology alone, largely
novelty (by adaptive or neutral traits that imply a difevinced in relationships between closely related spe-
ferent evolutionary trajectory at the same level afies (e.g., within a genus). Chesterton (1956: 156)
novelty as the genus that generates it). In the casehafs discussed Thomas Aquinas’ point that choice of
Didymodoneach radiative complex acts as an evolwzorrect first principles ensures true deductions. In
tionary unit, with transformations between specieghylogenetics, if one’s premise that morphological
restricted, in most cases, to one progenitor core speaits are largely not adaptive (i.e., are spandrels,
cies. Genera, if complex one-way (Dollo) trait transsensu Gould & Lewontin 1979), then fixation in a
formations are conserved at the taxon level, are gamew species is governed by the Central Limit Theo-
erated from the core character-rich species. rem and indeed when evaluating parallelism or con-
But does this mean that genera can be seen\esgence, parsimony correctly gives the best, most
evolving from othergener& Caulistic evolutionary probabilistic choice of ((AB)C) when A and B share
trees imply that taxa evolve from taxa at any rank. Imore advanced traits than do B and C, or A and C.
this an artifact? Gould (Gould 2002; Hubbell 2005Dn the other hand, such a premise flies in the face of
and many others have decided that supraspecific teolaservations that clear cases of parallelism and con-
do evolve though not perhaps from or out of eackergence apparently involve adaptation, such as se-
other. Eldredge (1985: 150) wrote that there is a “disection of similar traits associated with arid or hygric
tinct possibility of some higher-level sorting principleenvironments, competition, r and K selection, repro-
in nature” that affects higher taxa, and this may bauctive modes, and the like. For instance, A and B
due to differential species survival (1985: 172); henay share three advanced traits while B and C share
(1989: 183) also considered that “higher taxa are conly one, but the three advanced traits may clearly be
herent pools of genetic information.” Vrba (1980associated with one particular adaptation, and are
1984) attributed macroevolutionary change not tfixed as a unit; thus three synapomorphies yielding
properties of species but to attributes of organism@B)C may not be a more parsimonious solution than
particularly a cascade of specialization and in shoohe synapomorphy giving (BC)A. Certainly conver-
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gence resulting in cryptic taxa at the genus or familypecies having any particular number of traits, not
level is improbable. chance gradual accumulation of such traits. Such
A better premise, null hypothesis, or “state of nggreadaptation or exaptions are may include (Bach-
ture,” then, is that salient advanced morphologicahann, 2001; Caporale 1999, 2003; Zander 2006) si-
traits apparently requiring parsimony analysis bdenced clusters of traits that have greater immediate
cause there are multiple interpretations of relatioradaptive value than sequential mutations of all the
ship due to possible parallelism and convergence draits.
at least in part subject to selective pressures. Diverg- Cladistic analysis of morphological data has an
ing infraspecies commonly are diagnosed by two @dditional problem. Assumed in such terminology as
more traits, and parsimoniously settling questions ¢$ister groups” and “shared ancestry” is the idea that
possible parallelism by choosing those sharing th@oducts of evolution must be new, and there are no
most traits is incorrect because selection for a pawr very few surviving ancestors. Yet surviving ances-
ticular environment or biorole is not simply throughtors (as species pairs with one derived from the other)
gradual accumulation of evolutionarily neutral traithave been inferentially demonstrated in the past
(see discussion by Bachmann 2001). Mutations dfirough biosystematic and cytogenetic analysis, for
expressed traits may well arise at different rates iniastance, by Lewis (1962, 1966), Lewis and Roberts
population, but fixation in a new species is depende(®956) and Vasek (1968) i€larkia (Onagraceae).
on isolation through a number of mechanisms, sudvolution may be inferred in cladistics as morpho-
as polyploidy or the availability of a new ecologicalogical trait changes over a tree, or in molecular sys-
niche or adaptive zone (Hutchinson 1957; Whitakéematics as nucleotide base changes, yet evolution as
1972). Stebbins (1959) reviewed fundamental diglescent with modification involves organisms, not
coveries showing that hidden genetic complexity idisconnected characters. The proper evolutionary tree
multiple somewhat isolated intraspecific lines conen which to base classifications is that of lineages of
tributes to maximum evolutionary flexibility, in par- living things, or ancestral taxa, as best inferred from
ticular citing Clausen et al. (1940, 1958), who quitextant taxa and fossils, and necessarily involves sur-
long ago demonstrated that many microspecies wiving species, genera and families. This is in agree-
overlapping constant “races” contribute to a speciegient with Farjon (2007), who emphasized that
gene pool of potential complex and immediate adaf-.taxa must evolve from other taxa....” A taxon tree,
tive or preadaptive response to the opening of a nichentrary to phylogenetic sensibility that no extant
(or other selective challenge). If a niche becomedaxon is to be represented as derived from another
available that requires four mutations, then four musixtant taxon, is probably similar to a “Besseyan cac-
be available for success, i.e., isolation samples ahys” (e.g., Bessey 1915), exemplified by Wagner
number of traits as portions of the genetic complexit{i952) as pointed out by Stevens (2000). Each Bes-
of an ancestral species. Only if a trait is uncommaoseyan cactus “pad” represents an evolutionary cluster
or apparently evolving slower than appearance @fith no detailed derivative structure.
isolation events that successfully establish a new spe- Published cladograms of multiple exemplars in
cies can the Central Limit Theorem be applied tmdividual species, e.g., that of the domestic cat
judge expectations of trait combinations. Thus, fofDriscoll et al. 2007), demonstrate considerable in-
common expressed traits a synapomorphy of one stegpnal phylogenetic complexity and infraspecific
is much the same as of several since the traits mayrphological complexity preadapted for species-
evolve as an adaptive unit. level fixation but no clear evidence of the particular
Preadaptation of traits in a genetically and phymorphotype of the ancestor of each or all subspecies
logenetically complex ancestral species might easityr indication of the morphotype of any future species
provide the exact number of traits needed when that might evolve from such subspecies through gap
niche opens, including adaptive traits appropriate fdormation, for instance following extinction of all but
cases of sympatric allo- or autoploidy or graduadne or two of the subspecies. This in spite of the gen-
splitting because hybrids among genotypes in a poperal agreement of phylogeneticists that a species is
lations are less fit, while selection is ultimately thenly a lineage, or better a segment of a lineage, not a
shaper of species if morphological traits change anglade of multiple lineages (Wiens 2007; de Queiroz
genetically, as merely linked to a physiological trait2007).
or through drift. It is the minimal requirements of the The same lack of clear connection of ancestral
new environment for a newly isolated species thamorphology and internal molecular complexity is
determines the morphological diagnosis of a newue of subgenera and other taxonomic levels that are
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through time more strongly distinguished by gapef speculative lineages left to others (Zander 2007a).
caused by selection of largely quantitative changeBayesian analyses in systematics seldom follow the
Evolutionary divergence through gradual divergencBayesian philosophy (Winkler 1972: 393) of assign-
of populations, geographical races, semispecigag a likelihood to every factor that may add uncer-
sympatric species, and genera is discussed at lentghnty, and after analysis making a bet (an action or
by Grant (1971), this updated by Levin (2001), and Bayesian solution, such as recommending a particular
is clear that convergence of taxa on the basis of dlfneage to biogeographers and other scientists as reli-
ferential traits of portions of species or genera thaile for their own work) only in the light of the ridk i
are promoted to species and gerlgyaselectionare wrong. Bayesian phylogenetics is instead underlain
not, at least for small numbers of traits, more or lesgith a host of problematic assumptions (Zander
probable as judged by relative numbers of traits. 2005, 2007a) even though Bayesian phylogeneticists
Clustering properties of morphological and mo{e.g., Huelsenbeck et al. 2002) commonly define the
lecular data sets are alike such that somewhat simitzredible interval derived from the Bayesian formula
groups of exemplar morphology or DNA loci com-embodied their software as the actual chance of the
monly are obtained by any method, but the particuléineage being correct.
inferred tree or other evolutionary structure through This disconnect leaves systematics with a vast lit-
time may at times be quite different (Lyons-Weiler &rature in traditional taxonomy evaluating morpho-
Milinkovitch 1997). Although neutral evolution (Ki- logical evolution (e.g., as reviewed by Mayr &
mura 1968, 1983; Nei 2005; Ohta 1992) is assumeldrovine 1980) as best as can be reconstructed given
this may not obtain because there is abundant eWew fossils. This situation, however is not resolved by
dence of selection (and possible convergence) at taghylogenetic paradigm change involving traditional
molecular level (Gillespie 1991). Hillis et al. (1996:taxonomic categories that are now based on, lumped,
11) strongly advise that phylogeneticists should stat split among molecular lineages simply because
that neutrality is an assumption in their studies. Seaolecular phylogenies are far more detailed than
lection at the gene locus level is apparently locusvhat we can know of morphological phylogenies.
specific, but (1) although locus specific, many gené&’hat molecular phylogenies detail may have little to
each convergent across taxa towards a different d#s with speciation involving selection and drift of
velopmental adaptive norm must contribute an elexpressed traits. It is perfectly acceptable that an evo-
ment of chaotic uncertainty, and (2) swamping dfitionary classification reflecting what can be in-
small correct data sets by large ones reflecting coferred about evolution of expressed traits be far less
vergence, plus support of the wrong tree of the largesolved than molecular trees. Molecular trees, how-
data set by data in a contrary small data set througher, in spite of the generally speculative nature of
Simpson’s Paradox (Barrett et al. 1991; Getesy et @lublished phylogenetic analyses may contribute sig-
1999), are still problems. nificantly to diagramming evolution of taxa diag-
Statistical phylogenetic analysis rests on many asesed by expressed traits without resorting to the pre-
sumptions and emphasizes the speculative (Zandsent practice of simply mapping morphological traits
2007a). Simplicity arguments or point estimations aren a molecular tree as though such atomized traits
now abandoned in favor of credible intervals and pa(Burleigh et al. 2013) were the stuff of evolution, not
simony with bootstrap support, but conclusionslescent of taxa with modification.
through optimality alone remain with us in sequence
alignments (Redelings & Suchard 2005), model s@he genus as a unit in biological reality —Stevens
lection (Alfaro & Huelsenbeck 2006), and othel(1994) has reviewed natural classification of higher
choices. Multiple-test problems abound; for instancéaxa in botany beginning with Jussieu’s work expect-
if two lineages are monophyletic each at a probabilityng continuity between taxa, and the following
of 0.95, then the chance of the two being “recipranonographers like Cuvier, Charles-Francois Brisseau
cally monophyletic,” i.e., both true at the same timaje Mirbel, and Augustin-Pyramus de Candolle, who
is the product, or 0.90 (Zander 2007a). A confidendeund discreet groups in nature, largely after 1812.
level of 0.95 (or 0.99 in problematic cases) is starHe also reviewed the conservative nature of sys-
dard in fields (psychology, ecology, evolution, poputematics through distrust of theory, emphasis on in-
lation biology) using statistics, but present-day enstinct and observation, an apprenticeship system, and
phasis (seldom admitted) is on statistical discriminaonstraints on change by lay users of taxonomy,
tory power and avoidance of Type 1 error (false posproblems that continue in traditional taxonomy to this
tives) at the expense of reliability, with confirmationday. All this, he averred, is in the absence of a “well
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articulated theory” of relationships. This is tendenbelong and which contains one species or a mono-
tious in light of Stevens’ well-known long support ofphyletic group of species.” Gill et al. (2005) charac-
the phylogenetic perspective (e.g., Stevens 198%¢rized the phylogenetic genus as monophyletic, rea-
because Darwinian theory is well-articulated, and isonably compact, and distinct as to evolutionarily
presently unfortunately challenged as a basis of claglevant criteria: ecology, morphology, or biogeogra-
sification by advances in understanding of a quitghy. Cantino and de Querioz (2000), responding to
different thing, that is, patterns of molecular lineageghylogeneticists struggling with a range of problems
Stevens reviewed reticulate (web, net) and tree an finding an acceptable definition of higher taxa in
rangements of natural or evolutionary relationships dfie context of molecular systematics and tree-
higher taxa offered by botanists of the late 1800’s. thinking, proposed an entirely rankless classification.
Papers concerning the concept of genus from tl@ontrariwise, Crawford (2000) rightly pointed out
mid-1900’s (Anderson 1940; Cain 1956; Bartletthat phylogenies are interesting only when viewed in
1940; Camp 1940; Greenman 1940; Sherff 194@he context of other data. There is, in all, a general
generally concurred with the dictionary and nomeracceptance thatigher taxa have some kind of bio-
clatural code definitions that a genus is a taxonomiogical reality (Chase et al. 2000).
category ranking below a family and above a species, Clearly there is a lack of methodological sympa-
being a group of species with similar characteristicthy between practitioners of traditional and of phy-
As a taxon, it was whatever a specialist in a grodpgenetic systematics. Linnaean systematics remains
determined it to be, as far as included species. Clayalid as an observational and quasi-experimental
ton (1972) found that numbers of species in genera @ook & Campbell 1979) science, being a 250-year
19 families of vascular plants varied well with arstudy by generations of researchers.
expected logarithmic distribution and such distribu- The genus concept suffers the same problems re-
tions were similar in different families, arguing forviewed by Lam (1959) as to what a species is in na-
genera being real entities (there was, however, caite, beyond being “the basic unit of taxonomy.” The
siderable excess of monospecific genera). Sokal anobject of the brave, new (for taxonomy) field of bio-
Sneath (1963) promoted an entirely phenetic agystematics (Camp 1951; Camp & Gilly 1943), to
proach to classification, as overall similarity usinglefine natural biotic units and develop a nomencla-
equally weighted traits, seeing the genus as a primanre reflecting limits, relationships, variability and
cluster of species, but without detailing a particuladynamic structure, has been replaced by a different
definition. Legendre (1972) defined a genus as “dimension, as it were, focusing on inferred lineages
group of species which cluster after a chain is formeaf changing morphological and molecular traits. The
on pairs of species between which there is a calcparadigm change in systematics is, however, the sub-
lated possibility of occasional hybridization,” follow- stitution of a tractable problem (determining molecu-
ing Love’'s (1963) conclusion that hybridization islar lineages of sister groups) for the wearisome, diffi-
possible between species of a genus but not betwemiit problem of finding an acceptable evolution-
genera, and combining phenetic cluster analysis abdsed classification in the general absence of fossils
estimations of out-crossing; see Grant (1971) for and the prevalence of parallelism and convergence in
summary of fertility relationships among species in axpressed traits. But substitution of a different basis
genus. Mayr (1969) used the operational definition dbr classification, namely phylogenetic lineages of
a genus as “a category for a taxon including one spigaits, for the evolutionary classification we have
cies or a group of species, presumably of commdreen pursuing since Darwin, solves no problems.
phylogenetic origin, which is separated from related Molecular lineages do not directly reveal changes
similar units (genera) by a decided gap, the size of expressed traits that follow selection and drift, nor
the gap being in inverse ratio to the size of the unilo they substitute for a taxon tree showing descent of
(genus).” A general review of the concept of genus @ne taxon from another with modification, i.e., line-
provided by Sivarajan (1991), with the traditionabges of taxa. The latter may not be recoverable in
view basically being a group of species with somanything like the detail that lineages can, but we must
level of natural affinity and separated by a gap frorfind some way to preserve what has been inferred
closely related other groups. about evolution of taxa with hints from fossils and
With the paradigm change from general affinitiehieterophyletic trees of molecular strains, and not
to phylogenetics and tree-thinking (Baum & Smitifragment the results of past morphological analyses
2012), Wiley (1981) defined genus as “a mandatoiiy conformance to the focused enthusiasm of the
classification category to which every species mustoment. A paraphyletic morphologically based sur-
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viving ancestor is an evolutionary hypothesis that isiche), and having particular evolutionary tendencies.
not falsified by even well-supported reciprocal moWiley and Mayden (2000), more recently, asserted
nophyly of the molecular lineages involved, and mathat the Evolutionary Species Concept reflects both
be the most parsimonious solution for morphologicalattern and process. “An evolutionary species is an
homoplasy on molecular trees. entity composed of organisms that maintain its iden-
Genera have predictive value. Taxonomists relity from other such organisms through space and
on the integrity of genera in collecting, sorting andime, and that has its own independent fate and his-
identification of species. If genera were truly randortorical tendencies.” They advanced the somewhat
clusters of traits, this would soon prove useless (segorous guidelines that a genus may be only partially
Clayton 1972). Given that in the 250 years of Lintokogenetic, particularly when populations may be
naean omnispection there have been few complainselated in time then remixed; species must be line-
and much positive activity in describing genera, onages; ancestral populations may be present in a
might assume that taxonomists are seeing biologiladistic analysis and may have no autapomorphies;
cally real genera. In describing new species, the neamd, infraspecific groups with diagnosable morpho-
species either fit an old genus or a new genus mustlbgical traits that are genetically isolated should be
described. Over the past 250 years, new genera basecbgnized at the species level. Wiley and Mayden
on expressed traits are commonly perfectly accepisisted on strict phylogenetic monophyly and as-
able and useful once well examined, and are appaerted that lack of gene flow requires assumption of
ently not artifacts of randomly sorting intermediatgresent or imminent speciation (albeit allowing that
species. One way to look at descriptions of generadsagnosable traits are a plus), but the EGC described
that these are suites or “libraries” of traits expected the present paper focuses on inference of consen-
for species in the genus, with various combinations glis or actual ancestral morphospecies to the degree
particular traits coupled with one or more unique aresolvable given present data.
at least phyletically isolated traits considered con-
served or slow to change over time. Like species (Fhylogenetically complex species - molecular
anka 2000: 366), genera have their own “hand aialysis of DNA loci, an inferred split in gene line-
cards.” Given that a genus’ library of expressed traitages can be well supported as reflecting population
particularly of morphology, is limited in observableisolation (or with organellar DNA, individual isola-
numbers of traits compared to the potential library dfon plus purifying selection). As time goes on, an
DNA base changes, then saturation (crowding leadncestor if defined molecularly must be different
ing to overwriting and reversals) is probable. Becauseom molecular lineages continuing after the split
unique traits may be reversed in evolution, a polysecause of continued DNA mutation of the sequence
thetic genus concept is commonly necessary. Thé interest. Thus, the idea thatolecular ancestors
sum of all expressed traits may be governed develisappear after generation of sister lineages is quite
opmentally, and may reflect some limitations of paracceptable inmolecular analysis, because DNA is
ticular combinations of expressed traits (as phyleticecessarily different given some clocklike or quasi-
constraints). It is clear, however, that genera, largdocklike change in non-coding DNA, an anagenetic
and small, may be described to include most bgrocess. It is not necessary, however, that expressed
sometimes not all intermediate species. Libraries, tmits (morphology and biorole) change in parallel
suites, of expressed traits appear to be real at the gad tempo with changes in molecular non-coding
nus level. traits, even when these signal probable isolation of
Beyond the fact that the Evolutionary Taxon Conancestral populations. It is quite possible (as a null
cept includes the EGC as one of the taxonomic ancédsgothesis) and perhaps even probable that stabiliz-
tral sleeves that are implied by macroevolutionaring selection keeps an ancestral population stable in
analysis, the EGC is similar to the Evolutionary Spesxpressed traits whether it becomes phylogenetically
cies Concept (Simpson 1961; Wiley & Mayden 2000nternally complex or even after a daughter species of
in its generalist nature, and to the Ecological Speciédferent expressed trait combination is generated.
Concept in the idea of an associated niche (Anders@me or more isolated populations may develop into
1990; Grant 1992; Pianka 2000) that may limit theew species or may retain the expressed traits of the
genus trait library. Simpson (1961) defined the Evaancestral population, even though molecular phy-
lutionary Species Concept as an ancestor-descendagtenetics reports having tracked (inferentially) many
sequence of populations evolving separately frophylogenetic splits.
other species, with its own biorole (or ecological Past phylogenetic splits without species-level dif-
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ferentiation in expressed traits, evinced as inferrddund in mosses, Shaw 2001) but which are more
phylogenetic complexity, may well characterizegprobably surviving disjunctive populations of one
many extant species. Mitochondrial haplotype analyncestral species or (alternatively but less probably)
sis of many samples of subspecies of the domestic tia¢ results of two different speciation events from
(Driscoll et al. 2007) showed complex infraspecifione ancestral species into isolated but identical niches
phylogenetic relationships. Thus, any one extantith fixation of identical expressed traits. In both
taxon may be phylogenetically complex, and infereases the two populations accumulate different DNA
ences via molecular or morphological analysis cannaiutations over time but are morphologically static
determine this on the basis of a few exemplars. through time through some process like stabilizing
At this point, one may ask whether the complervolution. In fact, demonstration of homoplasy of
cladistic relationships within a gene tree belong to teaditional groups, sometimes ingenuously character-
medley of ancestors, or to a single ancestor wiiked as “massive,” in any molecular cladogram sig-
static or only slowly changing expressed traits. Inals a possible surviving species, genus, family or
fact, a cladistic tree based on morphological traits @her taxon.
liable to the same question. At what point does one Inferential demonstration of the morphotypes of
reject the idea that all ancestors associated witvo ancestral species (Fig. 13.2) is the presence on a
nested branching in a tree are not just one phylogaolecular tree of two pairs of such individually phy-
netically complex species? Persistence of evolutiofegenetically isolated isomorphs, implying two dif-
arily static populations or species (Guillaumet et aferent ancestors. With enough data, this can be ex-
2008; Leschen et al. 2008; Shen et al. 2008) are itended to identification of many ancestral taxa in the
plied by the increasingly supported punctuated equienus. Such demonstrated ancestral morphotypes
librium theory of Gould and Eldredge (1993), whichmay then be nested or otherwise ordered by reference
may be valid for many or most taxa, though appate molecular lineages. The Evolutionary Genus Con-
ently rare stepwise transitions have been democept combines morphological and molecular data to
strated (e.g., Deméré et al. 200B)e generalist con- reveal as best possible both morphological and mo-
sensus morphotype of a genus is the best resoluti@aular evolutionary relationships.
obtainable for an ancestor of two or more extant Thus, two kinds of ancestral taxa can be inferred
closely related species, each of which could specidtar the taxon tree. (1) A poorly resolved consensus
from the other. taxon, which is basically the diagnosis of the highest
Inferential demonstration of the exact morphotaxonomic category including all terminal taxa to the
types of (at least) one ancestral species (in absencdestel of genus. Higher taxa may be addressed in the
fossil information) involves identification of surviv- same way, for instance, a consensus taxon with the
ing ancestors. This can be done (1) by biosystematiagnosis of the subfamily. A consensus ancestral
and cytogenetic studies, particularly in the case ¢éxon may also be implied when there is a gap in a
“quantum” or local evolution (Grant 1971; Levinmolecular tree and a genus or family is split but the
2001; Lewis 1962), the budding of a daughter speciésxa at each side of the split are different species or
from a peripheral ancestral population, and includingenera; in this case one can infer an ancestor only
the more recent method of Theriot (1992) inferring aith consensus traits of the next highest rank in the
surviving ancestor in a group of diatoms by evaluatladogram. (2) Surviving ancestors inferring an iden-
ing a morphologically based cladogram and bidical or nearly identical paraphyletic ancestor of the
geographical information; or (2) the somewhat moreame rank. This would be, for example, one or more
simplistic and problematic selection of a survivingancestral species in a genus, or ancestral genera in a
ancestor as one lacking autapomorphies on a cladatbfamily or family. All such morphotype ancestral
gram; or (3) the method of heterophyly introducethxa may be arranged as progressive evolutionary
here. The heterophyly method uses demonstration dikgrams with the help of reliable molecular trees.
two exemplars of one morphospecies separated oflais concept reflects Cronquist's (1975) contention
molecular tree by an exemplar of a different morthat parallelism among closely related taxa is of no
phospecies, implying a shared ancestor of all thrémport or consequence in taxonomy, and can be ig-
that is identical or nearly identical to the two isonored, but may also deliver evolutionary information.
morphs. An example is the increasingly common dis- When morphological and molecular data agree,
covery of what are generally viewed as phylogenetihey may simply be subject to the same bias (selec-
cally isolated fully cryptic species (e.g., the 14 cryption and convergence) or lurking variables (LeBlanc
tic or nearly cryptic species of bryophytes recentl2004: 303), but when they disagree (and not simply
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due to error) then valuable new information mawften of broadly distributed generalist species.

sometimes be available through cross-tree hetero- Some examples may be given: Zander (2008)
phyly. Paraphyletic taxa provide evolutionary datéound after analysis of a study by LaFarge et al.
just as parsimoniously informative traits provide phyf2002) that the moss family Dicranaceae was the
logenetic data. When taxa are renamed to enforparaphyletic ancestor of two phylogenetically dis-
monophyly, evolutionary data are hidden, thus reinunctive and well-supported clades, the Dicranaceae
terpreting cladograms with somewhat older nomers.str. and a lineage of generally small-sized taxa
clature that reflects expressed traits alone will besbmmonly referred to in phylogenetic literature as the

preserve informative molecular paraphyly. “Rhabdoweisiaceae” but with no agreed morphologi-
cal diagnosis to distinguish it from the Dicranaceae.
Examples of macroevolutionary genera— Evolu- An ITS analysis of the Trichostomoideae (Pot-

tionary diagrams or taxon trees combine consenstigceae, Musci) by Werner et al. (2005) demonstrated
ancestral taxa with those inferred from heterophyly @meveral ancestral tax@henia leptophyllds sister to
other means, which are better resolved. The ancesffalrtula inermis with T. muralis lower in the tree,
taxa are linked using phylogenetic information fronimplying a joint ancestor diagnosable Bartula. In
molecular analyses. Examination of published mdhe same mannetdymenostylium hildebrandtiis
lecular trees and mapped traditional taxa demosister toTuerckheimia svihlaand both are subtended
strates cladistic splitting of what are probably ancesn the clade b¥. valeriana,ndicating all three share
tral taxa at various ranks surviving to the presemtn immediate ancestor diagnosableTasrckheimia.
(evolutionary paraphyly). With increasing number#seudosymblepharis schimperiangs embedded
of exemplars of particular taxa in recent moleculawithin Chionoloma species and thus shares
analyses, this should become more evident. The abhionolomaas an ancestral taxon. Bd#seudosym-
thors of such analyses commonly have chosen to tdepharis and Chionolomaare further embedded in
arrange or otherwise modify to some extent taxdrrichostomum tenuirostriswhich implies that this
nomic categories in the studied groups rather thadast, widely distributed species is ancestral to all.
investigate evolutionary and systematic implicationBleurochaete squarross embedded among several
of inferable descent with modification of taxa. It isspecies ofTortella, indicated it share$ortella as an
important not to try to explain away evidence ofincestor. AlthougtTortella tortuosaand T. fragilis
oddities in descent with modification of taxa asare clearly close ancestorsfdensa, T. rigenand
merely cryptic or otherwise problematic genus identi¥. inclinata, there is an overlap on the molecular
ties or by attempting to enforce monophyly by findlineage that implies a double ancestor (silencing of a
ing a particular analytic method or gene sequengene complex, perhaps of the odd propaguloid apex
with a data set that by chance does so. of T. fragilis, or hybridization and subsequent diver-

The superoptimized morphological evolutionangence). The same is true amafgissiaspecies with
tree of the moss gen@idymodon(Plate 8.1) shows many species bracketed M. controversaon the
clustering at the caulistic level of several ancestraholecular tree, but with sufficiently short branches
taxa, each with a cloud of derived species, and sutnd overlap withV. condensas an implied ances-
clusters can be (and are above) described as genéwg). that additional analysis with more data would be
This is an exact definition of one kind of macroevoluworthwhile. The evolutionary taxon tree of Plate 7.3
tionary genus (as a category just higher than speciespmbines data from Werner et al. (2004) and Werner
and works for at least some groups. Given survival et al. (2005).
any of the species, tlgenusthen may be in longer In a study of the moss family Hypopterygiaceae,
morphological stasis (defined as prolonged existen&haw et al. (2008) analyzed six nuclear, plastid and
of conservative morphological traits) than most of theitochondrial nucleotide sequences of 32 exemplars
species. and found of four species dfyathophorum,two

A test of the method of heterophyly for inferencevere paired near the base of the strongly supported
of surviving ancestral taxa is the degree to whicbladogram and two were buried deeply among 10
paraphyletic morphotypes are nested on a molecukxemplars of the genuBlypopterygium Although
tree as not expected by chance alone, allowing f&haw et al. chose to simply transfer the two species
occasional true convergence or reticulate evolutiobracketed irHypopterygiunto that genus to preserve
Sufficient data for such a test are not yet available batonophyly, it is clear that the cladogram is also evi-
papers published to date seem to fill the requiremedénce ofCyathophorumbeing a paraphyletic genus
of general overall nesting of paraphyletic taxa, thesncestral to several genera bracketed by it in the
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cladogram Arbusculohypopterygium, Canalohypop-several different genera byGyathophorunancestor,
terygium, Catharomnion, Dendrohypopterygiumor by aHypopterygiunancestor. The alert reader will
Hypopterygium, Lopidiuinwhile itself has one of note that my discussion above is of the “arm-waving”
these Hypopterygiun as ancestor of two of its spe-variety, characteristic of someone who really wants
cies. This scenario was described by myself (Zander come up with an explanation but none is terribly
2009) as a “double ancestor” occurring along part @onvincing. Lines of research, at least, are evident. If
the cladogram but its particular interest lies in examihe isolatedCyathophorunspecies are genuinely of
nation of various mechanisms that explain such cothat genus, the problem becomes very interesting for
tradiction (such as silenced genes and hybridizatiorfuture study.

There are two reasons not to accept the transfer of theln another study of mosses (Hernandez-Maqueda
two species oCyathophorunto Hypopterygium (1) et al. 2008), genera of the Grimmiaceae and related
preserving phylogenetic monophyly is insufficienfamilies allowed inference of a rather unambiguous
reason not to recognize differences at the genus leesfolutionary taxon tree (Plate 13.2) of several para-
(when the same are recognized elsewhere in tphyletic taxa. This tree is a joint structure of classical
cladogram), and (2) reversion from silenced traits study, and morphological and molecular cladistic
an explanation far more plausible than total reanalysis. The Grimmiaceae cladistically brackets
evolution of several major morphological traits toCampylosteliaceae and Ptychomitriaceae Jbjfu-
converge at the genus level, or multiple convergenetiobryum and Indusielld while Grimmia brackets
from aCyathophorunancestor to lineages bfypop- SchistidiumandCoscinodon The latter bracketsly-
terygium An explanation is possible using extendedrogrimmia

paraphyly, but that requires multiple generation of

Hydrogr{mmia

pylosteliaceae

Grimmiaceae
residuum

Plate 13.2. —Grimmiaceae taxon tree based on Hernadndez-Maqueda et al. (20@8). Th
Grimmiaceae brackets Campylosteliaceae and Ptychomitriacedafflogliobryumandindu-
siella) while Grimmia bracketsSchistidiumandCoscinodon The latter bracketslydrogrim-

mia.

In other literature, a casual survey will commonlyKnoxieae (Rubiaceae) by dkched and Bremer

reveal well-supported paraphyly that implies ance$2007) detailed a well-supported phylogenetic dis-
tral taxa. In plants, for instance, the study of thpinction of exemplars of species Gtomeria(sepa-
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rated by species ddatopedinaand Parapentay of viewed as speculative and just a first attempt at infer-
Pentanisia(separated by specieséopentansiand ring a taxon tree, in spite of commonly high support
Calandg, and of Pentas (separated by species ofvalues, because of the general paucity of same-taxon
Carphalea, KnoxiaandPlacopodd. The molecular exemplars in all studies.
tree indicated that the phylogenetic relationship of
these three ancestral generaHsr{tansia, Otomerja Discussion of evolution at higher ranks —Phy-
Pentas, while the actual evolutionary relationshiplogenetically disjunctive major clusters of phenotypic
(one may be the ancestor of another) indicated by thaits (“massive homoplasy”) on published molecular
molecular tree is better conceived as a Besseyan caladograms apparently contravene Dollo’s Law
tus with Pentasbudding off the two genei@tomeria (Gould 1970; Hall 2003) that sets of complex traits
and Pentansia Exemplar species d?arapentasare cannot be expected to re-evolve. These are evidence
widely disjunctive on the molecular tree, separatedf deeply buried shared ancestral taxa, though this
from OtomeriaandPentanisiaby several genera, and phenomenon is usually mis-interpreted as calling for
if re-examination supports this as true homoplasyassive rearrangements in classification. At the ge-
(and not better interpretable as two different generais and species level, phylogenetic nesting on the
then Parapentaswould be an intermediate on thebasis of non-coding molecular traits may be accurate,
evolutionary cactus between the rather b&aitas but any one ancestral species may be phylogeneti-
and the other two surviving ancestral genera. cally complex. There is a kind of Library of traits
Four well-supported ancestral genera can be paharacteristic of a genus. These traits commonly
ceived at the crown of a fern phylogeny (Schuettpetolve faster than the opening of major niches. Evi-
& Pryer, 2007: Eupolypods 1, part 2) with exemplargence that this is so consists of (1) sympatric but
of surviving ancestorgCtenopterisand Lelingeria closely related species, and (2) any subspecies or va-
arising fromTerpsichore,which arises fromGram- rieties, or diagnosable microspecies. Infraspecific
mitis. In the Senecioneae (Asteraceae) relationshigenotypes make up the Queue waiting for an appro-
(Pelser et al. 2007) within the subtribe Othonniapriate niche and selection pressures rewarding change
clearly demonstrat®thonnaas a surviving ancestor, by enhancing fitness. Only a complete fossil record
and Seneciothe same in the subtribe Senecioninaavill allow inference of the actual ancestral patterns of
The appearance of exemplars of certain genera (egpgecies within a genus. Nesting at the species level
Curio, Dendrophorbiumwith exemplars themselves depends on statistical analysis of niche openings, and
phylogenetically disjunctive within a range &e- this is not now amenable to sampling or even accept-
necioexemplar branches indicates that the moleculable characterization. Niches may be easily defined
lineage may document either parallel development pbst hoc, but are problematic in predictive theory.
the same genus from a consenSaseciancestor, or Apologists for molecular phylogenies commonly
a switching back and forth among ancestral genuirsvoke such explanations as “massive homoplasy” or
morphologies (as ancestral species of consensigsyptic species” for what may be interpreted as
morphotypes), perhaps via silenced gene complexatiared morphotaxon ancestry involving surviving
These lineage splits are, in some cases, well sugncestors (species, genera, etc.). Although it is good
ported. theory that evolution acts on fitness first at the indi-
A study of the Coreopsideae, Asteraceae (Mort gidual then at the population level, that it may in-
al. 2008) showed paraphyly Goreopsisgexemplars volve a few or many genetic traits, and it may or may
of the genus appearing in scattered groups throughaatt affect a whole species (Funk & Omland, 2003;
the molecular cladogram, implying that this genus iReiseberg & Burke, 2001), a genus conceived as a
the surviving ancestral morphotype for most generaal thing in nature may well prove valuable as in
of the tribe, includinddidens diagramming evolution on a taxon tree. In many
In an investigation of lava lizard phylogeny,cases cryptic species discovered with molecular
Benavides et al. (2007) demonstrated phylogenetimalysis such as barcoding (Hebert & Gregory 2005;
disjunction on a nuclear DNA tree dficrolophus Kress et al. 2005; Newmaster et al. 2006) may be
guadrivittatus,which bracketedV. atacamensijsand associated later with diagnosable morphological or
M. tigris, which bracketedM. peruvianus.although life history traits (Hebert et al. 2004; Hillis et al.
this is contradicted by the mtDNA cladehe consen- 1996: 519). One must be wary, however, of multiple-
sus tree supported the nDNA tree, which, accordirtgst problems, in that there may be two alternative
to the authors, also makes better geographical sensmorphological sets of traits associated with recogni-
All the above estimates of ancestral taxa must li®n of two different taxonomic groups but molecular
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support that is randomly generated (or, better, indismpiric data. This is particularly true in systematics
tinguishable from random generation at some level @fhere the theoretic scaffolding for progression of
confidence) is not support for one of them simplgvolutionary change in species is poorly resolved or
because morphology and DNA by chance agraederstood because of a lack of facts and thus fact-
(Zander 2007a, c). But in many cases the species based theory. Pieces of the puzzle are easily filled in
main fully cryptic, that is, phylogenetically disjunc-by appeal to simplicity, a fancied similarity to the
tive isomorphs (e.g., Elmer et al. 2007). Principle of Least Action in physics. The latter, how-
Regarding DNA barcoding, classical alpha taxorever, is quite solidly based in observation, while par-
omy has a much wider range of sample space, asidhony of tree length, or probabilities of branch coa-
one can identify taxa that are not known for the flordescence, are at a remove from corroborative observa-
What about species that are new to science? How &imns of details of descent with modification of taxa,
these identified in a flora? By a percentage sequenesy., budding evolution, as to their expressed traits.
difference, say 3.2%? These questions continue to be It is here hoped that the difficult task of retro-
problems in all barcoding studies. This is because thcting evolution of taxa diagnosed by expressed
really assure scientists that DNA barcoding has setraits is not abandoned by a paradigm change substi-
ous practical advantages, a separate alpha taxonotagng molecular phylogenies for taxon trees. Declar-
of molecular data must be compared with the alphiag a difficult problem solved by changing the matter
taxonomy of morphological data. If they are theinder scientific investigation because a different
same, based on similarly large sampling, then inde@doblem is easy to solve is not valid science. Cer-
one is interchangeable with the other. Even usinginly molecular phylogenetics can help to some ex-
barcoding as an aid to morphological identificatioient, but only as revealing of relationships of ances-
requires a molecular study with dense sampling dfal taxa based on expressed traits important in sur-
the problem for barcoding to help solve a morphosival and fitness or at least neutral within the bounds
logical problem. Although it is not necessary to reef phyletic constraint. In the future, exemplar iso-
examine the fundamentals of a research program fimorphs in a molecular tree will be most probably
every study, in the case of barcoding the statistical/olutionarily informative if selected from geo-
basis for the research fundamentals is not well seraphically isolated populations that are isomorphic
tled. at the species level, or as that plus unusual morphol-
Presently, the emphasis in phylogenetics is on usgy at higher taxonomic levels.
ing parsimony or coalescent theory Bayesian analysis Stevens (1994: 263) indicated that there is a
on data sets of randomly mutating mostly non-codingfruggle between evaluations of continuity and dis-
DNA sequence traits that (1) theoretically track lineeontinuity of higher taxa, between process and pat-
ages of morphological speciation, or (2) are considern. In my view, speciation events involving taxa
ered sufficiently and effectively evolution itself. Al-diagnosed by expressed traits represent the process,
though molecular lineages apparently are statisticallyhile lineages based on apparently non-coding DNA
demonstrable, when conflicts occur with the resultsaits are the pattern. Superimposing inferable ances-
of morphological analyses or when resolution isral morphospecies (or higher taxa) on gene trees al-
needed in morphological analyses, the relationshipws information about evolution of real entities
between a molecular split and a speciation event\gthout simply mapping expressed traits on a gene
commonly based solely on the biological speciesee or assuming every molecular split affects evolu-
concept requiring speciation after an event of isoldion of expressed traits. Stevens (p. 265) asserted that
tion (e.g., as criticized by Rieseberg & Burke 2001)nany now believe that the “genealogical integrity of
This does not apply to many if not most groups ajroups is of paramount importance.” Genealogy,
organisms. however, is far more than lineages of change in non-
Systematics is gradually becoming based primacoding DNA bases of molecular strains but involves
ily on this molecular foundation, isolating itself fromthe ancestral-descendent relationships of actual spe-
fields, such as population biology, ecology, evolueies. In the absence of evidence that multiple ances-
tion, and biogeography, that investigate or use thetwrs in a supraspecific taxon actually exist, phyloge-
ries of evolution based largely on expressed traitsetic nesting is here relegated to a form of cluster
Theories in science, particularly quasi-experimentanalysis (as per P. Legendre, pers. comm.) and could
or historical fields whose assumptions and results abe advantageously replaced by, for instance, cluster
not directly verifiable, are often easily generated anghalysis that emphasizes rare morphological traits
may be sustained by pure reason in the absenceaofl genus trait libraries. Although knowledge of mo-
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lecular lineages is valuable, | submit that evolution- sis, and is not just a requirement of Linnaean no-
ary classifications based on paraphyletic groups that menclature or an artifact of random clustering;
reveal ancestral taxa are more practical and mof®) that the best evolutionary diagram is something
meaningful scientifically. | have called in the past similar to a Besseyan cactus;

(Zander, 2007c) for systematics to adopt (actually r¢7) that ancestral taxa must have diagnoses or mor-
adopt) a basic unit that is the same as that of biodi- phological descriptions to be placed on a taxon
versity studies. The MTC | believe is a step towards tree;

that goal. (8) that genera may be recognized by the combina-
tion of morphological gaps, apparently adaptive
The Macroevolutionary Taxon Concept postulates: autapomorphies, conservative traits, and clouds of

derivative species around supergenerative ances-
(1) that taxa, not traits, are the topics of interest in tral species in morphological cladograms, i.e., dis-
descent with modification, and lineages should ul- silient genera;

timately be expressed in terms of taxa; (9) and, that molecular trees if reliable help arrange
(2) that expressed traits involved as sets in selection the evolutionary diagram through their hetero-
are the focus of evolution; phyly.

(3) that because assumption of neutrality in expressed
traits allows derivation of information through  Many of the concepts presented here are not par-
statistical analysis (selection confounding reticularly original but scattered in a large literature of
guirement of independent and random generatiamiticism of cladistics and statistical phylogenetics.
of traits), such assumption must be treated as &hat | hope is new is the offering of an alternative to
alternative hypothesis to the null of selection anlasing classification on lineages of trait changes. The
preadaptation of any number of traits at least MTC and the taxon tree incorporate advances in mo-
the species level (which confounds morphologicdécular systematics but go beyond phylogenetics to
parsimony analysis); begin to chart descent with modification of integral,

(4) that two phylogenetically disjunctive (patristicallyecologically coherent living taxa. Papers by other
distant) exemplars on a reliable molecular treauthors contributing ideas essential the MTC and the
imply that they are surviving populations of aaxon tree concepts include those of Alexander
shared, paraphyletic ancestor with the consens(Z006), Brummitt (2003, 2006), Caporale (1999,
traits of whatever the exemplars represent, arkD03), Farjon (2007), Horandl (2006, 2007), Lee
that otherwise the best resolution of an ancest{005), Nordal and Stedje (2005), and Sosef (1997),
are the consensus traits of the taxon (species, genong others.
nus, family, etc.) or some other means of deter- This chapter is somewhat lengthy but is impor-
mining surviving ancestral taxa; tant, in my opinion, to developing scientific insight

(5) that the genus is a real thing in nature not the leasto evolution-based classification
because it has utility in macroevolutionary analy-

- 158-



Chapter 14: Support Measures

CHAPTER 14
Support Measures for Macroevolutionary Transformations

Précis —Separate support measures are necessary for clades and for theyaeprsent.

A taxon may be heterophyletic on a molecular tree, eitherex#implars distant on the mo-
lecular tree or between morphological and molecular trees, and sterloghyly implies a

deep ancestral taxon of the same name as the heterophyletic ®ippsrt for inferred mac-

roevolutionary transformations involving such deep ancestang be estimated from either
the amount of present-day paraphyly in densely sampled, rgjedags, or from clade sup-
port and nearest neighbor interchange.

Uncertainty associated with exemplar branch or- depending on initial conditions. These are called
der — Dayrat (2005) demonstrated that Darwin'slurking variables.” In molecular systematics, there
Tree of Life was based on taxon-based progenitoare no error bars on nonparametric bootstrap support
descendant transformations, not sister-group relatiomalues or Bayesian posterior probabilities even
ships. Although sister-group relationships can be ofhough many problems and assumptions are well
ten identified with some certainty in the hypotheticoknown.
deductive, cladistic context, uncertainty is contrib- Zander (2007) suggested a penalty of 1 percent in
uted in evolutionary systematics by the use of inducredibility support for each internal branch of a mo-
tion in generating scientific theories of caulistic maclecular cladogram to allow for unaccounted assump-
roevolutionary transformation. Induction also indions. It was pointed out that the final result of a
creases the chance of false conclusions from triBayesian analysis is properly not the posterior prob-
premises (Sober 1991: 20). Increased uncertairdility, which reflects only the data set, but the
associated with this “total evidence” analysis, on thBayes’ Solution (Kendall & Buckland 1971), which
other hand, because it uses deduction, induction, abinimizes risk by taking uncertainty into account, in
duction, and reasoning by analogy, must be tolerattliis case contributed by assumptions and data not
for a complete scientific theory. dealt with in the phylogenetic method, model, or
Lurking variables (LeBlanc 2004: 303) are nondata. Sources of uncertainty, all familiar to phyloge-
obvious influences on statistical analysis that mayeticists, include alignment, wrong gap costs, differ-
simultaneously affect two variables and simulate antial lineage sorting, hybridization, polyploidy, re-
correlation, or obscure the effect of one variable armbmbination, non-clocklike behavior, rates other than
mask a true correlation. Take the example of tossimgamma distributed, differences between the results of
a coin, a Markov chain of one step. Ideally a “faiftotal evidence” and evaluations based on separate
coin” is defined in statistics as one with equal probgene studies, possible strong selection pressure on
ability of landing heads or tails. In reality, most coin;ion-coding promoter sequences, persistent pseu-
are heavier on the head side, and so come up tallsgenes, too few exemplars, endogenous retrovi-
slightly more often. Less equally well known is theuses, gene conversion, self-correction of flawed
fact that the side that is uppermost when the coin BNA, paralogy, codon or nucleotide composition
flipped has to turn 360° to be uppermost when hias, chloroplast capture and other horizontal gene
lands but the underside of the coin only has to tuffow, novel clades, saturation, third codon bias,
180° to land uppermost, giving the lowermost side wrong identifications, long-branch attraction (see
slight advantage. If a coin is flipped without ranKolaczkowski & Thornoton 2009 for Bayesian long-
domly arranging one or the other sides uppermogiranch attraction in particular), model insufficiency,
the advantage of the tails side is then lessened. If thed other problems affecting the Bayes’ Solution.
coin is set so that exactly 50 percent of the time healf®st phylogenetic analyses ignore the Bayes’ Solu-
is uppermost before tossing, then heads will come tipn philosophy and it is asserted that the often highly
more often in a fair coin. One can determine the exagtobable results are “conditional” on some assump-
percentage of times tails comes up in a heads-heaigns (occasionally some few assumptions are listed).
coin only by recursively arranging the proportion oBecause the assumptions are actually many, this is
head and tails being uppermost before flipping. THke saying “I win the bet conditional on not having
proportion is changed until one side coming up mofest it.”
often than the other does not increase or decreaseThe argument for a 0.01 penalty on the credible
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support (i.e., multiply the support by a correctiorhas the advantage of a homogeneous reference class
factor of 0.99) is based on the following rationale: i{Salmon 1971).
only 10 of these assumptions affected one branch Although cladograms are often precise, various
support one out of 1000 times, then the jointly coranalyses of the same taxa often produce contradictory
tributed uncertainty is 0.01, or 0.20 of the 0.05 winrelationships, and fine resolution may be viewed sus-
dow of reliability. This may seem a burden on statigiciously in some cases as merely precise, not accu-
tical power, but it can be dealt with by empiricrate. Molecular data may conflict among sources, or
Bayesian analysis of multiple sequence studidsetween molecular data and morphological datagor b
(Zander 2007). The joint probability of more than ongimply incorrect in certain situations (Avise 19844,
branch is the product of their individual credibilityPhilippe et al. 1996; Seberg et al. 1997; Siteslet
support values. In the case of phylogenetic trees will996). Nei et al. (1998) wrote: “We suggest thaten
all branches supported at 0.99 credibility, only fivattention should be given to testing the statiktiet
contiguous internodes (chained clades) anywhere ability of an estimated tree rather than to findthg
the tree are acceptable as having branch order beomimal tree with excessive efforts.”
acceptably correct at a joint probability of 95% (that Cladograms may be published with some portions
is, 0.99 multiplied by itself five times). The 0.01 un-poorly supported. A possible explanation of why
certainty is compounded because each node is a sgpaoerly supported arrangements are tolerated or ac-
rate solution to the integrable analysis. cepted is “statistical relevance” (Salmon 1971: 11).
Statistical relevance is the philosophy-of-science ver-
The Bayes' Solution— The Framework attempts sion of the Bayes Factor, recently much promoted by
address inconsistencies between classical systemBayesian statisticians (e.g., Aris-Brosou & Yang
ics, morphological cladistics, and molecular analyse¥)02; Suchard et al. 2002). The prior understanding,
to offer a Bayes' Solution (Kendall & Bucklandin this case, is that there is no or equal support for a
1971), which formally incorporates all sources oparticular hypothesis, and this is replaced after analy-
uncertainty involved in the various methods usedis by some statistical support which demonstrates
and of certainty from neglected information. In deciwhat appears to be a relatively great and perhaps sig-
sion theory, a Bayes estimator is broader than jusificant increasein support. This, however, is only
using Bayes’ Theorem, and is essentially a decisi@pparent, and based in part on neglecting contrary
rule that minimizes the posterior expected loss; iavidence from classical systematics or morphological
other words, it maximizes the posterior expectatiorjadistics; a particular absolute level of support,
given tolerable risk. In evolutionary analysis, a Bayelsased on all relevant data, is required for the ar-
Solution is accomplished less formally by placing altangement to be accepted as due to shared ancestry.
data and inferences in a macroevolutionary contexss Huelsenbeck et al. (2002) have pointed out, al-
and weighing risk (of, say, inadvertent extinction) athough the Bayes Factor has value, such as in model
in decision theory by minimizing it as best possiblselection, it is the posterior probability that genuinely
(by, say, requiring high Bayesian posteriors for clageflects the chance of an arrangement being correct.
sification changes). Risk is discussed in this book f&klso, a similar attitude known as “clinical relevance”
the biodiversity problem in Chapter 11, and for th¢Hopkins 2001, 2003) is valuable in practice when an
case of multiple test problems in Chapter 15. effect is demonstrated as not entirely reliable (e.g., p-
Classical systematics may include observationslues of 0.80 or 0.90) but the chance that it is help-
and inferences that are very well-supported, or “urful far outweighs the risk, e.g,. of using a harmless
contested.” For instance, an inference like taxon A trug to treat a dread illness. In betting our science,
almost certainly the progenitor of taxon B because dfowever, the loss on failure can far outweigh any
biogeography, cytology, specialization to habitatdyenefit on success.
etc., may be the basis for a particular classical classi- Another easy way to wrongly transform Bayesian
fication. This statement cannot be directly refuted bgredibility intervals into certainties is to take the
cladograms because cladograms do not offer serglnce that a result that is far more probable than any
models, only hierarchical, nested diagrams of evolone of a large number of contrary results must be
tion. Only if a cladogram separates taxa much fartheorrect because of that large difference in probability.
than seems reasonable (e.g., moving it far from iBor example, consider an icosahedron, with a con-
traditional family) is there evidence against a particuiguous ten of its 20 identical sides painted red, the
lar serial macroevolutionary inference using heterathers painted each a different color. Rolling the die
phyly (see Chapter 6). Classical systematics, thewjll come “up” red 0.50 of the time. This can be
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tested in the frequentist fashion and a predictiombilities. The opening of the phylogenetic black box
made that future rolls will average about 0.50 redis detailed in this book, however, may be illuminat-
But the frequentist viewpoint may be lost in Bayesiamg.
analyses. For instance, the icosahedron may be sliced
into a hemisphere with one large side painted rethferred macroevolutionary transformations —
and the remainder with 10 much smaller sides. Thustey (1993) found that paraphyletic scenarios, includ-
the die has one side similar to that of a coin (0.50g local geographic speciation, are common or even
chance). Rolling the die will actually result in the redhe rule, while Gurushidze (2010) considered pseu-
coming “up” (actually down) far more often than halfdoextinction (disappearance of a progenitor taxon
the time because the somewhat rounded side “rollsafter generation of two daughter taxa) to be rare.
This is an instance of a heterogeneous reference $éus, there should be many taxa that are paraphyletic
(Salmon 1971). The large red flat side does not repredt have one heterophyletic branch unsampled, for
sent 10 red flat sides, it is one side of a coin, and iisstance because of lack of research time, funding, or
not comparable. computer limitations. The lineage may be extinct or
Bayesian and frequentist statistics are both basegpresented only by very old specimens or those rare
on empiric observations of frequency, no matter how nature. The sampled lineage only appears to be
disguised. Consider two statisticians, a frequentighylogenetically monophyletic.
and a Bayesian. Both enter a casino that has a largeThe percentage of paraphyletic taxa at each split
number of (unloaded) games of chance. The frequein- a cladogram (as measures of the past) may be
tist plays one game, analyzes it by a number of tespsdged by the percentage of paraphyletic taxa in the
then predicts that the loss on continued play will bpresent. If 10% of the taxa represented by exemplars
12.5 percent. The Bayesian analyzes all the gamesihya cladogram are paraphyletic, then the chance of
their physical appearance and predicts as a prior tlaty presently apparently monophyletic internode in
each game provides a 12.5 percent loss. Given tliae cladogram representing a paraphyletic taxon is
the games are fair, they will each lose an average 3%, one branch of the paraphyly assumed unsam-
12.5 percent if they play one game a long time (thgled. That percentage, however, is not the same as
frequentist) or many games a long time (the Bayethe percentage of taxa being initially paraphyletic,
ian). In addition, the empiric Bayes analysis calls fawhich may be nearly all of them that generate new
using the posterior probability of one analysis aspecies by geographic isolation, or the percentage of
prior for the next, which is clearly empiric samplingtaxa with static macroevolutionarily generative para-
and akin to frequentism. phyletic lineages that are unsampled today. Given
Since the introduction of mathematical methodbkttle or no information on the percentage of true
of reconstructing phylogenies more than 30 yeapseudoextinction events, an attempt to infer an ances-
ago, taxonomists have puzzled over just how resulisr of a particular taxon hame at each and every node
of maximum parsimony and, more recently, maxiin a cladogram seems justified (see Chapter 8 on su-
mum likelihood and Bayesian Markov chain Monteperoptimization). Albert Einstein said to W. Heisen-
Carlo analyses, particularly based on molecular datagrg (Gilder 2008: 87): “It is theory which first de-
should be incorporated into their classifications (e.gtermines what can be observed.” Phylogenetic theory
Abbott et al. 1985; Adoutte et al. 2000; Jenner 2004 blind to caulistic macroevolutionary transforma-
Lipscomb et al. 2003; Mallet & Willmott 2003; Se-tions at the taxon level because such cannot be mod-
berg et al. 2003; Zander 1998a, 1998b, 2001a, 2008)ed cladistically.
short of just accepting them. It is the promise of mo- At times it is correct to postulate unsampled para-
lecular phylogenetic estimation and associated stat{ghyly in a molecular tree to explain incongruent rela-
tical methods that well-supported phylogenetic thedionships among morphological taxa. Morphological
ries will be presented as alternatives to previoushkaxa are often well supported. The amount of data, as
uncontested (Russo et al. 1996) morphologicallyaits multiplied by the number of specimens exam-
based hypotheses, and either shore up or present newd, is commonly comparable between morphologi-
reliable theories for past puzzling relationships. Thisal and molecular studies, or even much larger in
work has appeared impressive because of the weattiorphological studies, contrary to assumptions in the
of molecular data, sufficiently ample to allow statistiliterature. It is not appropriate to simply ignore the
cal methods, and published reports detailing fully anorphological cladogram or to map traits atomisti-
very well-resolved trees with branches commonlgally on the molecular cladogram. Scientifically, no
having high bootstrap or Bayesian posterior probsdolence is done to logic and no information is lost if
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one postulates an unsampled paraphyletic branch of One may note here that support for an optimal
A occurring below B on the molecular cladogramgladogram branch arrangement by comparing the
supporting the inference from superoptimization ofupport for the optimal arrangement with only the
the morphological cladogram that A is the ancestor ofvo NNI branch arrangements may not be appropri-
B, and also C. Such theorization yields testable hgate for morphologicalcladograms in which conver-
potheses of major import. gence is common and the next shortest tree may re-
sult in a major branch rearrangement, not an NNI.
Support measures for macroevolutionary trans- The only exception is the use of NNI within morpho-
formations — The present-day molecular brancHogical local groups that have elements that are well
order of exemplar specimens is valuable to the extetlustered and match classical analyses, and major
it helps infer macroevolutionary transformation ofearrangements that break the cluster unreasonably
taxa with paraphyly is evident. Given that good sanare not expected. In that case, a probability can be
pling of taxa (e.g., many specimens from many loealculated as follows:
calities and habitats that sample a possible multiplic- The appropriate null hypothesis is that the support
ity of intrataxon populations) is rare, we must uséor the optimal branch arrangement and support for
rules of thumb for the prevalence of paraphyly. Par@ach of the two possible alternatives (through analy-
phyly may be simple, with one included lineage of ais after constraint and nearest neighbor interchange)
different taxon (Plate 14.1a), or extended, with two ds equal and randomly generated as neutral unlinked
more included lineages (Plate 14.1b) by a hetergenservative traits. That is, if lineages attendant on an
phyletic pair of lineages or molecular strains of thenternode are termed A and B (for the sister groups
single taxon that establishes the deep ancestor of tkeminating the internode), C for the basal branch,
same name. In general, at least simple paraphylydasd D for the outgroup, then in a rooted tree support
here considered extremely common in the past amdnumbers of steps for taxa A and B (here designated
mostly is unsampled. Extended paraphyly (or phyAB) is equal to support for A and C (= AC) and for B
logenetic polyphyly) is probably less common buand C (= BC), or AB = AC = BC, and all variation is
seems not uncommon as judged from published m@ndom. Thus, if AB is significantly larger than 1/3
lecular trees in the literature, and superoptimizatioimne sum AB + AC + BC, then that support may be
of Didymodonin Chapter 8. assumed due to shared ancestry, while all support for
In the case ofpresent-dayparaphyly, support AC or BC is due to convergence between these two
measures for inferred macroevolutionary events ghirs of taxa. This calculation may be done with a
the taxon level can be derived from standard suppariety of statistical methods, here using VassarStat's
measures for exemplar specimen branch order on2012) Exact Binomial Probabilities calculation,
molecular tree. In the contrived rooted cladogramshich treats the data as a Bernoulli trial. The mini-
provided here (Plate 14.1a,b), all nested clades areim level of acceptable probabilistic support, here at
supported at 0.95 posterior probability, commonljeast 0.95, for a reliable reconstruction of a single
taken as a measure of good support. In simple paraternode is a ratio of 3:3 of AB:(AB + AC + BC).
phyly, as in Plate 14.1a, support for specimen B (refhis ratio would occur only 0.04 of the time if
resenting taxon B) being derived from caulistic deegenerated randomly. Other levels of support would
taxonA, which is implied by paraphyletic specimense a minimum of 4:5, 5:7, 6:9, 7:11, all of which
Al and A2, can be inferred from nearest neighbavould provide at least 0.95 probability. But a level of
interchange (NNI). NNI between clade (B Al) and.50 probabililty is attained by much less support,
exemplar A2 would not affe& > B (i.e., ancestor A such as the following minimum ratios of steps: 2:3,
macroevolutionarily giving rise to exemplar B) if we2:4, 3:5, 3:6, 3:7, 4:8.
interchanged Al with A2, but would if we inter- That is, for example, if the number of steps
changed B with A2. Because the support for (B Al3upporting (AB) of three terminal clades A, B, and C
is 0.95, we can estimate half the uncertainty, oria 4, and those supporting BC and AC total 4 (random
support value of 0.975 fgk > B. This is a simplifi- if AB is true), then the chance of AB having 4 steps
cation done in lieu of evaluating all the most probabler more out of 8 is 0.26, thus the probability of AB
branching patterns. The chance of B interchanginzeing unexpected by chance alone is 1 minus 0.26, or
lower in the cladogram (given more clades toward3.74. Using the traits supporting BC or AC in support
the base of the cladogram) is small, at most one half a molecular optimal for either BC or AC must be
of 0.05 times 0.05, or 0.0013. This, though finiteless than 0.50, and therefore must reduce the chance
does not much lower the support for B. of the molecular relationship being true. The empiric
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Bayes' analysis, with BC as, say maximally 0.26wo exemplar specimens of inferred deep ancestral
probability as a prior, and BC from moleculartaxonA. There are then two nok-lineages that ap-
analysis 0.99 posterior probability is, is 0.97, whiclparently descend from the implied deep ancestral
is still acceptable, but with molecular analysis ataxon A. Firstly, the support measure for the macro-
0.95, the solution is 0.86, not acceptable. See the Sdkolutionary transformatiod > B depends on NNI
Purse Spreadsheet at: as inferred from support measures between Al and B,
and A2 and B. NNI between B and A2 eliminated
http://www.mobot.org/plantscience/ResBot/ support forA > B, but interchanging A2 with the

phyl/silkpursespreadsheet.htm other lineage ((C D) Al) does not. Thus, 0.975 is
support from this one NNI analysis. Switching of A1
for easy Bayes’ Formula calculations. with B also eliminates support fé > B, but switch-

In the case of the highly supportedolecular ing (C D) with B does not, thus 0.975 is the support
trees used in determining heterophyly, using neardsbm the second half of the analysis. Both must be
neighbor interchange (NNI) analysis is a good measue at the same time fér > B, so the joint probabil-
ure, particularly when the local group is clearly wellty of A > B is 0.975 times 0.975, or 0.95.
clustered in the classical sense, and omnispection A second apparent macroevolutionary transforma-
determines that there is no particular reasonable &bn (Plate 14.1b) is theA > (C D). The NNI analy-
ternative clade on the cladogram that may be isis is that if (C D) is interchanged with B, there is
volved by moving to the NNI position, i.e., no ex-support, but if Al is interchanged with B, there is no
pected major rearrangements in reasonably longsupport, thus support féx > (C D) is 0.975 (half the
cladograms. In any case, it tilsis particular clado- 0.05 uncertainty of the support value). Taxonomi-
gram that is analyzed by NNI, not another, eveacally, the name of the implied caulistic deep ancestral
though different longer cladograms are compared taxon as the immediate shared ancestor of C and D
it. would be the lowest ranking taxon that includes both

Alternatively, in the case of extended paraphyl{C and D, unless C or D is identifiable as the progeni-
(Plate 14.1b), both exemplar specimen B and clader of the other, then the ancestral name is more ex-
(C D) are bracketed by Al and A2, these last beirggtly identifiable.
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<
\

0.954 A>B=0.975

0.95 A>B=0.95
A>(CD)=0.975

Plate 14.1 — (a)Simple paraphylySupport for macroevolutionary transformatién> B
through nearest neighbor interchange analysis has one-halficeeainty of support for sis-
ter-groups (B Al)(b) Extended paraphyiyBoth B and (C D) are “bracketed” by A1 and A2,
and thus are both descended from implied deep taxon A. SdpptnansformatiorA > B is
the product of one minus the uncertainty contributed bydalculations, the nearest neighbor
interchange of Al and B, and of B and A2 (see discussitexip The support foA > (C D)

is calculated as pét > B in (a).

A deep ancestral taxon may be inferred by crossampled (extinct or missed in sampling) lineage in-
tree heterophyly (Element 4) of a distal exemplar oserted into the molecular cladogram in the same more
a molecular cladogram and that same taxon mobasal position as in the morphological cladogram. An
basal in a morphological cladogram of the samexample is the position of the bryophyte genus
taxonomic group. This is done by postulating an urirythrophyllopsigPottiaceae) very low in a morpho-
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logical cladogram (Zander 1993: 47) but rather high

in a molecular cladogram (Werner et al. 2004). Th€onsolidation with coarse priors — The support
level of clade support for the position of an insertetheasure for heterophyletic inference of a deep ances-
theoretical lineage must be high (say, 0.95 posteritnal taxon, e.g.A > B, orA > (B, C) in Plate 14.1, in
probability using coarse priors) if the morphologicathe context of Bayesian analysis of total evidence,
cladogram otherwise roughly approximates the ma@annot stand alone. Coarse priors from classical tax-
lecular cladogram and there are basal taxa morpharomy (natural keys) and from morphological cladis-
logically similar to the taxon in question (implying atics (either nonparametric bootstrapping converted to
similar generalist ancestor, as is true whtythro- posterior probabilities, see Zander 2004, or expert
phyllopsig in the morphological cladogram. Propin-intuitive estimates of reliability superoptimized
quity of similar basal taxa on a morphological cladoeladograms) must be addressed with the Bayes’ For-
gram supports a primitive interpretation of those taxaula.

because one might expect a set of shared ancestralFor instance, with a measure/fAf> B of 0.95 (as
taxa that explains such similarity though not in then Plate 14.1b) for a molecular clade, suppose a mor-
sense of pseudoextinction. This avoids Crisp amuhological cladogram found that an alternative
Cook’s (2005) otherwise good arguments againsranching pattern had a support of 0.95. The morpho-
simply accepting an extant taxon that is a bashlgical results also imply that there is supportAor
branch on a cladogram as an ancestral taxon. In addibut is low, 1 — 0.95, or 0.05. Bayesian analysis of
tion, if there are no alternatives that contradict insethese two support values fAr> B, one high and the
tion of a paraphyletic branch, then Cohen’s (1994ther low, yielded a posterior of 0.50. This is true for
arguments against unremitting calculation of supeboth alternative branching patterns when they are
fluous support values applies. Calculation of suppoctlculated separately.

for evolutionary transformations from an inferred Suppose we have frodlifferent datatwo clades
deep ancestor can be based on the two heterophyleticresultsA > B and an alternative. The support for
branches. Remember that the molecular cladogramAs> B is 0.99 and that for the alternative is 0.80; the
an incomplete theory because it details only inferrelternative therefore suppords > B (there being no
genetic continuity and isolation events, not descenther reasonable results) at 0.20. The posteriofAfor
with modification of taxa. The addition of inductive> B by Bayes’ Formula is 0.82, a lowered value.
inferences may limit degree of certainty but is scien-

tifically sound and theoretically complete.
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CHAPTER 15
Multiple Tests and “Discovering” Morphological Support

Précis —A consideration of various solutions to the multipleg€st multiple comparisons)
problem demonstrates that there is a tendency to choose incrgaseeinof discrimination
as opposed to reliability. This may be problematic in a®r8ig cladograms as a whole or
even in part. The probability of all of a set being truenaearequires the multiplication of the
probabilities of each member of the set. Finding apparent guippm morphological analy-
ses for molecular analyses that are contrary to accepted classifi¢gtisaarching for alter-
native shared traits may be incorrect if such support isthess 0.50 probability. The low
probability of the alternative morphological shared traitsdpeincestral willeducethe pos-
terior probability of the molecularly inferred evolutionaslationships. After a molecular
analysis, newly discovered supporting morphological traitsotless seldom really support a
molecular analysis given a Bayesian context. All contrary mdogiaal relationships lower
the probability of a molecularly based cladistic relationshietiver there is alternative sup-
port for the molecular relationship or not.

Consider looking for remnants of Noah’s Ark by extion, commonly used in phylogenetics, is that a pre-
amining photographs of the Mt. Ararat region (Noortesto of 0.05 requires that the Cls of the two branch
bergen 1977). Will you find, say a big rock that looksrrangements be at leastk (k being the number of
like a boat? Sure you will, among thousands of bitgsts), or a Cl each of 0.975 to indicate that each ar-
rocks. How about evidence for Atlantis and Lost Lerangement is actually 0.95 CI at the same time.
muria among the ancient literature (Scott-Elliot Experiment-wide (or cladogram-wide) reliability
1968)? You can find it if you delve persistentlyis not a particularly ardent goal in phylogenetics as
enough. How about morphological support for oddested sets may have poor internal or external reli-
molecular results? Will the Noah’s Ark Effect oper-ability yet the one branch arrangement of interest
ate in science? may be both relatively independent of the rest of the
Felsenstein (2004: 299) asked whether selectimjpdogram, and well supported (e.g., a cladogram of
for the most probable branch arrangement might nbats and birds). Also, evaluation of a molecularly
involve multiple tests. Multiple test (or multiple based cladogram may be somewhat reassured by the
comparison) problems should be of major concern fact that many or most branch arrangements match
phylogeneticists. A simple example is flipping manyhose of morphological analysis (representing, for
coins several times each to test for a loaded coiexample, a high Bayesian prior). It is a fact, however,
Eventually, a fair coin will come up 10 heads in dhat the chance of all branch arrangements being cor-
row by chance alone, so multiple tests alone fail teect (cladogram-wide or locally) is the product of the
probabilistically identify a loaded coin. An exampleCls, and that problematic branch arrangements or
of multiple tests in cross-correlation of genes anthose contrary to accepted hypotheses require more
characters is given by Stewart (2011: 120). Techrsupport than being embedded in an otherwise well-
cally, the multiple test problem is the potential insupported tree.
crease in Type | error occurring when statistical tests In psychology and ecology, where an entire set of
are used repeatedly. models must hang together for it to represent a decent
Note: In frequentist literaturey is the level of theory, Bonferroni correction is important. It has
significance (Type | error), the chance of beindpeen pointed out (Moran 2003; see also Nakagawa
wrong that you can live with, usually 0.05. The 2004) that the chance of obtaining many tests all re-
value is the actually attainedin your study. sulting in very high Clis (and low values) is very
The chance of two branch arrangements in law, and most if not all results should be correct, yet,
cladogram each at 0.95 CI (confidence interval) or (their assertion goes, both simple and sequential Bon-
minus p) being both true at the same time is the profitrroni correction mask that and are overly conserva-
uct of the Cls or 0.9025. (The Cl is used here instedigde. On the other hand, a cladogram of 20 internodes
of Bayesian posterior probability because the multisubtending 20 branch arrangements) each at 0.95 CI
ple test correction is usually made in the context afill have one branch wrong and which branch it may
frequentist statistics.) The simple Bonferroni corredse is unknown. A paper with a paragraph about each
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arrangement will have one paragraph out of 20 digs be considered at the same time monophyletic and
cussing a wrong result. Garcia (2004) pointed out thagliable at 0.95, and that ideally must be a hypothesis
if Bonferroni correction is frustrating researcherselected to be tested beforehand to avoid multiple
with results involving many multiple tests, there areomparisons. If you test two hypotheses, then for two
other methods of evaluation, including multivariateanonophyletic lineages to be reliable at 0.95, they
ANOVA, sharpened Bonferroni, false discovery ratenust each be 0.975 CI.
tests, re-evaluation of independence, and repeating For a cladogram with many 0.99 CI branch ar-
the experiment. rangements, only 5 at most can be viewed as mono-
The problem, in my opinion, is between researclphyletic and reliable at 0.95 CI, since the product of
ers pushing the bounds of knowledge and willing t0.99 is 0.94. And these 5 should have been selected
let future study confirm new hypotheses, and othd&eforehand as hypotheses to be tested. Most phy-
researchers requiring highly reliable hypotheses. liegeneticists ignore this basic multiple-test problem
creasing power of the test is important to phylogevhen presenting cladograms with BPP, decay or
netic theoreticians to distinguish between hypothesbsotstrap values.
of moderate probabilities, but taxonomists, evolution- The sequential Bonferroni correction (Holm 1979;
ists, and biogeographers must base new studies ldachberg 1988) is intended to relax #hesuch that
previous very low Type | error (in phylogenetics, thighe stricture of attaining extremely high Cls in multi-
means the possibility of accepting branch arrangeie test situations of many tests does not invalidate
ments generated by chance alone). There is good réd& entire study, even when most results are alone
son to not require correction for multiple tests or tgignificant. Basically, one calculates tlgk, then
use a weak correction procedure if the purpose is tompares the results to this required significance
examine extreme theoretical possibilities, but corretevel beginning with the highest CI. If that Cl has a p
tion is necessary in all other cases. Theoreticians meglue larger thamv/k, it fails, also no other Cl is ac-
be quite happy with 4/5 of the branch arrangementgptable. If thex is smaller, the resultant ClI is taken
correct, and shrug off confirmation to the attention ads attaining, say, 0.95. Then tié is increased by
future study. Pragmatists, on the other hand, will Hewering k by one (the required Cl is lowered), and
disappointed with 1/19 of the arrangements wrong, #se calculation is repeated with the next highest CI.
with Cl = 0.95, preferring to focus on their own bio- Note that the Bonferroni correction does not re-
geographical, evolutionary, or ecological studiegjuire independence of data (though the similar Ber-
which may themselves not be very well supportechoulli test does). The sequential Bonferroni was de-
Such discrepancy in research context is understandsed to increase power of the test, but in fact this is
able and acceptable if acknowledged in print. empty resolution. The key idea is that once a particu-
With simple Bonferroni correction, in the case ofar test passes, the null hypothesis is rejected and the
a cladogram of 20 branch arrangements each neediegt is no longer part of the “family” of multiple tests
to attain 0.95 CI at the same time, the required carequiring correction (because the hypothesis is true).
recteda is 0.05/k or the requirement of all 20 Cls toThe hypothesis is, however, not true (and therefore
attain or exceed 1 minus 0.0025, or 0.9975, a touglot part of continued testing) but is accepted as a
requirementd is 1 — CI; k is number of support val- working theory with such low chance of Type | error
ues). With a subclade of five branch arrangement&he long-run probability of rejecting the null hy-
using simple Bonferroni correctiony/k is 0.01 re- pothesis that is in fact true) that can be acted upon
quiring a correctedr yielding 0.99; the product of given the risk of being wrong. The uncertainty,
Cls of, say, 0.995, 0.99, 0.98, 0.97 and 0.96 Iy onthough small, remains. Eliminating a hypothesis to be
0.899, and no branch arrangement is significant at sested is perfectly allowable when some descriptive
0.05a in that subclade. or absolute feature isolates the hypothesis from other
Although the requirement that a cladogram be eirypotheses being tested, but this cannot be done with
tirely correct is justifiably relaxed in exploratory phy-probabilistic data; parts of a cladogram may be phy-
logenetics, the evaluation of monophyly is neverthdegenetically isolated by uncontested morphological
less impacted. In particular, for a cladogram with, foor chemical descriptors that agree with probabilistic
example, all branch arrangements at 0.95 confideno®lecular results, but not by molecular data alone.
interval, onlyonearrangement is statistically allowed
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Strict Bonferroni: Selecta as maximum tolerable chance of results being wrong (due to chance
alone). Divideo by number of tests (k). Ap values (1 minus nominal CI) that are smaller than
are acceptable at the levelofthe corrected ClI). Alternatively, the product of all Cls ategjin the
tests must reach or exceed the required CI (1 mijjusich as 0.95.

Sequential Bonferroni: Selecto. Do as for strict Bonferroni. After identification and segation of
p values that are lower than and therefore acceptahleratalculate kas equal to the number of
tests left. Accept anp values that are now lower thafkx , then recalculate, continuing until o
values pass.

Control of False Discovery Rate: Selecta. Rankp values of tests in order of smallest to largest,
and do strict Bonferroni. Qf values remaining, test negivalue in order against times the number
of that test (n) in order divided by full original numlazdrtests (k), e.g. 0.05 x (4/15) (i.e. thhémes
fourth in order of 15 original number of tests dividgddsiginal number of tests). If thevalue is
smaller, then accept and go to next test in order. Stop wheettion fails, i.e., whep value is no
longer less than (a/k) (Benjamini & Hochberg 1995).

Table 15.1 —Simplified descriptions of the three major correction methodsmultiple
tests. Cl is confidence interval.

A now popular work-around for the strict Bon-many conclusions are made from multiple branch
ferroni correction method, likewise attractive to theoarrangements with high Cls. With control of FDR,
reticians in search of discriminitive power, is thewvhen thea is set for 0.05, then of every 20 signifi-
Control of False Discovery Rate method (Benjamingant results, one is incorrect as a Type 1 error. That
& Hochberg 1995). Like the sequential Bonferronitheoreticians eschew correction entirely and pragma-
this requires the acceptance that the researcher Widits use strict Bonferroni is probably an extreme and
tolerate a higher proportion of Type 1 errors in @eplorable situation. In fact, a control of FDR correc-
trade-off for accepting a larger proportion of true altion for theoreticians and use of sequential Bon-
ternative hypotheses (correct branch arrangementf®troni correction for pragmatists might be a better
The FDR (false discovery rate) correction increasexross-the-board solution. The problem is mitigated
power of the test by allowing a higher proportion oby the following practices: (1) partitioning the clado-
“false discoveries” than sequential Bonferroni correagram into phylogenetically isolated groups based on a
tion, and this proportion can be selected. Thus, faombination of uncontested absolute descriptors
FDR, a correction at the 0.05 level would result ifmorphology, chemistry, etc.) and probabilistic mo-
0.05 of the results judged significant after correctiotecular traits, which greatly lessens the size of the
being Type 1 errors (false positives for phylogenetitfamily” of tests requiring correction, (2) preselecting
signal). For more exact control, a more complekypotheses to test (one at 0.95 CI, up to 5 at 0.99, or
“sharpened” version is available that depends on tlsemetimes more with sequential Bonferroni) which
fact that p values of true null instances follow a unireduces the size of the multiple test family to a mini-
form distribution, which true alternative cases do nahum (i.e., the hypotheses tested), and (3) using se-
(Verhoeven et al. 2005). guential Bonferroni correction or even increasing

The bottom line is that with strict Bonferroni cor-0.10 (doubles Type 1 error to 1 in 10 instances but
rection all acceptable hypotheses are in almost atluch increases detection of phylogenetic signal).
cases correct and Type 1 errors are almost entirely Although preselection of hypotheses can lead to
avoided, but, with a number of low Cls in a cladobias, preselection is necessary to avoid choice of one
gram, no useful hypotheses can be countenanced. Typothesis with a high CI from a number of tests. Of
lack of correction for multiple tests in publishedcourse, such a choice can be tested with later studies
cladograms can falsely represent reliability whewith different data and any choice of a randomly
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generated high score will be revealed as anomalowgrgence” is often identified by difference from mo-
but unless such later studies are available, preselémcular results.) Although there is “support” for the
tion is the only alternative to rejection of all Cls bymolecular relationships from such discovered, non-
Bonferroni evaluation of many tests (nodes), includzlassical traits, the contrary traits used in classical
ing those without high Cls. Once preselection ianalyses may be overwhelming or so cogent that the
done, then those high Cls that match the preselecteabability of correctness of the classical arrange-
tests are valid after Bonferroni correction at the muaiment of taxa is clearly of probability 0.50 or greater.
lower number of tests (the number of high CI arThus,in the contexbf Bayesian analysihe morpho-
rangements rather than the number of all arranglegical support for the molecular analysis is less than
ments). 0.50, and when the two probabilities are combined in
an empiric Bayesian analysis, the probability that the
The steps that may be suggested for dealing witholecular result is true is necessarily reduced. Not
support values then are: evaluating the probability (no matter how imprecise)
of the discovered new support from morphology for
1. Divide molecular cladogram into as many phymolecular results is a common and egregious error in

logenetically isolated partitions as possible. multiple tests or multiple comparisons in phyloge-
2. For each partition make a prioritized list of hynetic analysis. The use of coarse priors advanced in
potheses to test. this book allows evaluating morphological evidence
3. Convert BPs (nonparametric bootstrap probabilagainst molecular patterns in the context of a Bayes'’
ties) to Cls, see Zander (2004). Solution.
4. Penalize each support value 0.01 for unaccounted Thus, small support from morphology that is any-
assumptions. thing less than 0.50 probability compared to alterna-

5. Combine internodes less than 0.95 CI into ornéve support for a classical solutionnist support but
composite internode (see Zander 2007a) at 0.95.s instead refutation for the molecular analysis. It may
6. Test prioritized list against 0.95 Cls, one per partbe expected that support for most molecular clades
tion (or two per partition it is increased to 0.10). are reduced in posterior probability every time new
7. If many are available or if 0.99 are plentiful, redehared morphological traits are discovered for sup-
composite internode correction to 0.99 CI, angort. Given this,every molecular clade that is con-
test for up to five 0.99 CI hypotheses (or up to 1@rary to an accepted classical evolutionary arrange-
0.99 CI hypotheses if yourallows 0.90 CI). ment is probably poorly supported (less than 0.95) in
Bayesian probability whether apparent morphological
The ability to correct for particular subcladessupport is offered or not because the contrary mor-
(when each subclade is considered fairly independeuitological arrangement is doubtless supported at
of other parts of the cladogram) determines the limgreater than 0.50 probability given all data on ex-
of accurate resolution of reliability determining opti-pressed traits. This is why a pluralist approach that
mal sister group placement in cladograms. Simplgonciliates all methods through a theory of macro-
making sure that the products of the Cls of branaéwolution will give a higher Bayesian probability
arrangements in a subclade exceed the preselectece@n if not precise. “There is nothing more deceptive

determined by is a quick Bonferroni correction. than an obvious fact,” according to Sherlock Holmes.
Multiple test problems reminds one of the birth-
Support from morphological study — In many day problem in combinatorial probability, which

cases in the literature, an optimal molecular cladstates that there is at least half a chance that some two
gram that contradicts morphological cladograms afut of twenty-three randomly chosen people will
maximum parsimony or “accepted” classical classifishare the same birth date, assuming that each birth-
cations is asserted to be supported by morphologiaidte is equally probable. For 60 people the match is
shared traits discovered after they are searched falmost certain. The reason this is relevant is that
For instance, according to Smith and Clark (2013yyhen searching for support for a molecular clado-
“Phylogenetic analyses derived from molecular datgram, the entire cladogram need not show morpho-
that are independent of the difficulties of morphological support, only a part of it. This is because
logical convergence have been especially useful tnorphology can be homoplasious and traits can re-
resolve monophyletic groups that can then be examerse themselves in morphological cladograms. Thus,
ined for morphological characters that unite the spé-is easy to declare partial morphological support as
cies in each particular clade....” (Note that such “corelear support for a molecular cladogram. Because it
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does not matter where in the cladogram (or cladeanced concept in statistics, the problem is tractable
that support occurs, or if it occurs in somewhat sepand should have been obvious at some point to phy-
rated areas of the cladogram, the chance of findihggenetic researchers, many well trained in statistics.
this distributed support is much greater than of finddJmberto Eco (1990) had an explanation for true-
ing exactly the right morphological support for allbeliever behavior in otherwise rational persons,
relevant nodes. One must keep in mind that congradapted here as follows: First, a study with a history
ence for morphological and molecular cladogram@hylogenetics has been around 30 years, generally
merely indicates agreement of across the board sistezll funded) must therefore have cachet. People want
groups, not necessarily of macroevolution (being @ believe, and the more something seems to be hid-
combination of some nodes with budding evolutionlen, the more they insist that something must be
and some with pseudoextinction). there. Second, there are two rules. (a) Reasoning by
R. Feynman (D. L. Goodstein and G. Neugebaueaive analogy is okay, when concepts and descrip-
in Feynman et al. 2011: xxi) discussed at length th®ns cross. An apple is round and edible, therefore
fallacy of using the same data to verify an idea as thaything round is edible. A cladogram looks like a
which suggested the idea in the first place. If preséamily tree, and therefore must be one. (b) Anything
lection of taxa from classical taxonomy is used asthat “fits” is okay, even if reasoning is circular. A
way to select exemplars for a molecular phylogenetadogram describes a family tree, which may be de-
analysis, it is somewhat disingenuous for a scientistribed by a cladogram. Phylogenetic analysis must
to be surprised or gratified that there is generallyield phylogenies because it is phylogenetic analysis.
congruence between the results. (c) If one uses observations made by others, they
One can ignore some data as irrelevant if it is nbiave the force of tradition, even if suspect. An exam-
part of a homogeneous reference class (Salmefe is GenBank (see Ruedas et al. 2000: “...most
1971), but contrary data cannot be eliminated by ofspecimen data in GenBank are not congruent with
hand assignment to other classes like homoplagyptential repeatability of experiments”); another is
convergence, or incomplete lineage sorting withouhe vast literature of apparently publishable phyloge-
actually demonstrating exactly how such rejection afetic “results.” Eco’s description seems a good dis-
contrary evidence is defensible for the case at hargkction of cognitive dissonance, and applies to mod-
We all prefer to increase statistical power of disern systematics. This is why the multiple test problem
crimination when doing preliminary analyses, ands described in several places in this book, because
leave pursuit of reliability to later workers. This callssuch provides a fundamental bias in favor of phy-
to mind a parallel with abduction, the generation dbgenetic accuracy. Apropos of misplaced certainty,
hypotheses that may be only suggested by some féwa Gray in a letter to Charles Darwin (Burkhardt et
data. After 30 years of cladistics, however, it is imal. 2008: 5), wrote: “It is refreshing to find a person
portant to now find a better, more instructive balanogith a new theory who frankly confesses that he finds
between statistical power and reliability when doinglifficulties—insurmountable, at least for the present.
decisive analyses. I know some people who never have any difficulties,
Although the multiple test problem is a fairly ad-to speak of.”
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CHAPTER 16
Summary of the Framework

There has been a misunderstanding in the presemknown); (3) the recent method of Theriot (1992)
conflict between proponents of phylogenetic andhferring a surviving ancestor in a group of diatoms
classical evolutionary systematics regarding pardy evaluating a morphologically based cladogram
phyly. It has been stated (Santos & Faria 2011) thahd biogeographical information (see Chapter 8 on
there is a “war between advocates of strictly molecisuperoptimization); (4) the somewhat more simplistic
lar or strictly morphological systematics.” Evolution-and problematic selection of a surviving ancestor as
ary systematics, however, promotes pluralism in anane lacking autapomorphies on a polytomous mor-
Iytic methods, and appreciates molecular cladograrpsological clade (Wiley & Mayden 2000: 157; dis-
as informative of aspects of evolution. It is how phyeussion by Zander 1998); or (5) the methods of su-
logeneticists interpret exemplars in molecular cladgeeroptimization and determining heterophyly on mo-
grams as representative of taxonomic units that is latular trees as detailed in the present book.
least a major basis for the dispute. When exemplars of different taxa are clustered
The molecular cladogram can fairly accuratelyogether on a molecular tree, it is impossible to satis-
give a retrodiction in terms of sister-groups of théactorily infer the phenotype of the shared ancestor or
gene history of each specimen used as an exempaicestors. It could be the phenotype of any one of the
for a taxon. Gene history is used here as restricteddgemplars or of a taxon of entirely different pheno-
genetic continuity and isolation events in the molecuype. When exemplars of the same taxon are clus-
lar strain ending with eaagtxemplar Branch order of tered together on a molecular tree, it is straight-
the taxa supposedly represented by the specimen eforward to infer that the phenotype of the immediate
emplars are, however, not directly modeled. Differershared ancestor is that of the exemplars (*homo-
tial self-nesting ladders may scramble moleculgshyly”), rather than all exemplars resulting from mul-
nesting such that primitive taxa (those low in a sdiple convergences from an ancestor of a different
guence of macroevolution) may be pushed high in@henotype. If the exemplars are all one species, the
molecular cladistic tree by a series of speciatioancestor is that species. If they are of different spe-
events generating daughter taxa. Sequential orderciés of one genus, the ancestor may be inferred to be
taxic evolution (one taxon generating another of ththat genus; or if genera, then their family, and so on.
same or greater rank) cannot even be modeled onf &o such clusters are sister groups, one may infer a
cladogram. Horandl (2010) has pointed out that mgarticular ancestor for each of both clusters, but the
lecular data are efficient for reconstruction of dephenotype of the immediate shared ancestor of the
scent, but commonly used DNA markers have limitetivo clusters is impossible to infer from phylogenetic
value for recognizing evolutionary groups, whiledata alone. It could be one or the other or a different
morphological traits that contribute to structure andxtinct or unstudied taxon of perhaps intermediate
function are actually involved in selection, adaptatiophenotype.
and co-evolution, and thus may be the proper bases Zander (2008, 2010a) introduced the concept of
for evolutionary grouping in classification. taxon mapping where heterophyly (paraphyly or phy-
Of particular importance is the idea that a split itogenetic polyphyly of undeniably the same taxon)
a molecular lineage is not necessarily a speciatiamplies a deep ancestral taxon generating two extant
event. It could signal any isolation event, followed byjineages or molecular strains of the same taxon, and
phenotypic stasis of isolated populations, resulting iis progenitor also generated one or more lineages of
a surviving ancestral taxon in multiple isolated popudifferent, apophyletic (descendant) taxa (at the same
lations. Identification of a surviving ancestral taxoror higher rank) at or in between the paraphyletic
as a kind of living fossil may be done by (1) identifibranches. Theoretical macroevolutionary transforma-
cation of a geologic fossil with an extant taxon; (2)ions are then synthetic, emergent properties. Look-
biosystematic and cytogenetic studies, as in the casg for deep ancestors linking molecular and morpho-
of “guantum” or local evolution (Grant 1971; Levinlogical inferences is equivalent to the search for
2001; Lewis 1962), the budding of a descendant sp#vdden variables” in physics, such as the so far un-
cies from a peripheral ancestral population, identifsuccessful search for a non-obvious classical expla-
able, for instance, as in the event of several apparardtion for the nonsensical rules of quantum mechan-
daughter species being all more similar to an appacs. Postulation of theoretical caulistic macroevolu-
ent parent than to each other (originator of this iddg&nary transformations, as taxonomically named in-
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ternal nodes, forms the basis for that overarching theladogram ((AB)C) versus a terminal clade of the
ory, as macroevolution in phylogenetics is presently same taxa on a molecular cladogram ((AC)B). Bayes-
hidden variable, whether pseudoextinction or budan analysis, given each is supported at 0.99 probabil-
ding evolution. ity, says neither can be more than 0.50 probability
The method has six elements: (1) Alpha taxorbecause they contradict each other. Suppose, how-
omy is a set of genetic-algorithm-based heuristiasver, superoptimization indicates that A is the pro-
developed over 250 years, and is in part based genitor of both B and C. There two processes that
physical and geometric principles. (2) Cladistionay generate the two different cladograms. (1) Mor-
analysis of morphology aids in developing a naturgdhologically, reversal in C of one of the morphologi-
key to taxa based on transformations of weightezhl traits shared by A, B and C, places C lower in the
conservative characters. (3) Molecular systematiecsorphological cladogram. (2) A self-nesting ladder
establishes genetic continuity and order of isolatiomvolving A generating B then C molecularly would
events of molecular strains, but not necessarily speeixplain the different molecular clade. Both explana-
ation events, through deep ancestors implied by heiens are acceptable under a macroevolutionary proc-
erophyly of exemplars. The name and rank of thess theory, and the joint explanation involving total
ancestral taxon is that inclusive of all the hetercevidence isA > (1C,ZB), that is, taxon A gives rise to
phyletic exemplars. Probabilistic support values fdiirst C then B. Since the processes differ, there can be
ancestral taxa may be calculated. (4) Taxa low in th® increase in Bayesian credibility, but there is no
morphological tree but high in the molecular tree ardecrease, and no data need be ignored.
theoretically ancestral taxa of all lineages in between,
while morphological analyses may be reassessed wRints of contention— | have been prompted to
molecular taxon mapping. (5) “Superoptimization’write this book by several kinds of outrages over the
by maximizing theoretical ancestor-descendant hyears, some admittedly theoretic and moot, but some
potheses minimizes superfluous unnamed postulatedribly obvious and problematic, particularly:
shared ancestors, while biosystematic and bio- (1) The elimination in phylogenetic classifications
geographic study through Dollo evaluation at thef any aspect of macroevolution, resulting in synon-
taxon level provides biological evidence for macroymy and splitting of what are apparently well-
evolutionary transformations. Supergenerative taXaunded species and higher taxa of organisms
and there stirps are often identifiable. (6) Classificahrough the phylogenetic classification principle of
tion by diagnosable macroevolutionary constraintsolophyly (which reflects nothing in nature).
requires the generalist Linnaean classification system (2) The assumption of no surviving ancestors, or
capable of representing to some degree all aspectsluiit one taxon cannot be in two different molecular
evolutionary analysis through taxon-inclusive listdineages, though there is plenty of evidence that this
(distinctions) and ranks (similarities). In this papennay result from punctuated equilibrium followed by
the level of support for macroevolutionary transforlong stasis of taxa governed by stabilizing selec-
mations at the taxon level is measured, based in pagn—there may be in fact up to n — 1 terminal taxa
from support for phylogenetic clades. that are ancestral to at least one other terminal taxon.
Using the word “taxon” rather than “species” or
Total evidence— There is much discussion of the“population” is due to my expectation that genera and
requirement for total evidence (Allard & Carpentehigher taxa do evolve as units through joint species’
1996; Chen et al. 2003; Eernisse & Kluge 1993; Fitzeference to the paragenetic regulatory functions of a
hugh 2006, 2012; Hempel 1966; Nixon & Carpenteshared particular selective regime (an “envirosome”
1996), including much confusion over what is meardee point 7 below).
by total evidence, and how different data may be (3) Parsimony using morphological traits and
combined before evaluation or separately evaluatether optimization analyses should use an evolution-
and then combined. The present reframing of prery model including both pseudoextinction and bud-
classification evolutionary analysis in systematicging evolution. No software does this.
from modeling nested OTUs to modeling serial mac- (4) Avoidance of weighting of traits reflects the
roevolutionary transformations of taxa allows rein“automatic classification” philosophy originating
terpretation of the evidence such that both morphevth pheneticists and continued by phylogeneticists
logical and molecular cladograms can be explaineas “theory-free” taxonomy, such that a parsimony
even when they differ. analysis of morphology is in reality based on raw
Consider a terminal clade of a morphologicasimilarity, lacking phyletic weighting—similar prob-
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lems occur with molecular traits. If cladistics is trulymean any number of things, from Nei's measure
a theory-free discovery process then there is no hyhich has utility, to patristic or phyletic distance
pothesis to test, since the pattern discovered is a fashich are less meaningful, to numbers of DNA base
Phylogenetics is theoretically bankrupt and has atlifferences, which may or may not mean anything. It
ways been so. is worth pointing out for this last that changes in
(5) Classifications based on evolutionary sysmostly non-coding sequences that are used for mo-
tematics and apprehensions of serial macroevolutitecular systematics are inexorable in both ancestral
cannot be directly tested by nested relationships gesmd descendant taxa, which means that an extant spe-
erated via cladograms, in which evolution is modeledes with fossil representation tens of millions of
as nested hierarchies with unnamed, undemonstralgksars old could, theoretically, include between popu-
shared ancestors as hidden causes. lations of the same species a “genetic distance” simi-
(6) The common elimination of the environmentar to that between extant families. At what point are
from consideration in phylogenetic analysis. E.gdifferences in molecular sequences alone sufficient to
following the mechanisms for macroevolution ofname a new taxon? Clearly there are several meaning
genera and higher taxa summarized by Gould (2008) “genetic distance,” and changes in non-coding
in his opus, the environment acts as a regulator atrdits in a morphologically static taxon should never
guide (external chromosome equivalent, which malye used as taxonomic characters. Double meanings
be called an “envirosome”) of shared change amoragd other tergiversation can mask crippling problems.
species of the higher taxa through stabilizing and dis-
ruptive selection acting on individual species or ofonsistent systematics —A few paragraphs here
traits shared by all species. This shared feature is rsaimmarize salient features of the struggle for a con-
represented in the analytic processes of phylogenesistent, evolutionarily based systematics:
analysis, but is part of the expected judgment in- (1) Alpha taxonomy plus biosystematic and eco-
volved in classification by evolutionary systematistéogical study yield well-conceived taxa as apparent
familiar with the habitats of organisms of their speresults of past evolution, these correspond to what the

cialization. “exemplars” of phylogenetics are supposed to repre-
sent.
Problems in terminology — Double meanings (2) Phylogenetic sister-group analysis is powerful

abound in the phylogenetic literature. Monophyhand effective in determining cladistic sister-groups,
now means phylogenetic holophyly not evolutionarput is crippled by insistence on classification by
monophyly. Evolution now means changes in traitfiolophyly (a simplifying classification principle cor-
not changes in taxa, i.e., microevolution is substituteagsponding to no thing in nature), and with some re-
for macroevolution because it yields more preciseision (e.g., multifurcations) can be changed to a
results. A tree is now actually a set of parenthesanore practical natural key.
Exemplar now means some sequences from one (3) Molecular trees demonstrate molecular strain
specimen taken to represent a whole species or @mtinuity and isolation but not necessarily speci-
even higher rank. Shared ancestor is now a space bhéen, and are often confounded by self-nesting lad-
tween parentheses of nested exemplars. Lineage nders.
means a nested set of exemplars clustered in a clado-(4) Macroevolution is being unfortunately elimi-
gram, not a serial line of ancestry (or if so then a seated from classification by phylogenetic insistence
rial line of unnamed nodes). Speciation is now modn (a) classification by holophyly and (b) not naming
eled by two lineages generated from an extinct ancemcestral nodes (because this would create para-
tor, and only that, which would be true if there werghyly).
only two daughter lineages and no ancestral taxon (5) Elimination of macroevolution results in phy-
ever survived speciation. A high Bayesian posteridogenetic trees without names for ancestral nodes
probability is not a Bayesian Solution, which requirekeading to clades but no caulis, i.e., a phylogenetic
all relevant information and weighs risk of loss ifTree of Life (Pennisi 2003) may be totally replaced
wrong. Similarly, “discovery” is often a result of theby a Nested Parentheses of Life. The phylogenetic
amplifying power of statistical discernment at théree of Life is actually a hierarchical Tree of Classi-
expense of reliability. fication, and is not an evolutionary tree reflecting
Evolutionary distance is now measured by separaerial transformation of taxa.
tion of numbers of often imaginary nodes (as patristic (6) One taxon may be found in two (or more) dif-
distance, see Zander 2007e). Genetic distance darent molecular lineages, commonly as surviving
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isolated molecular strains, because morphologicedvolution return to previous times given human-
stasis associated with punctuated evolution may alkmd’s culturally conservative nature that limits po-
follow isolation of two populations that remain idenditical change, but with some, often positive changes.
tical at some taxonomic level, followed by budding The Framework presented here details a major
evolution, and splitting of lineages is not necessarilghange in how systematics might be done, but it is to
accompanied by speciation. a great extent a return or instauration (renewal after

(7) Stabilizing evolution on morphology and in-decay, lapse or dilapidation) of past but still valuable
teraction of expressed traits with the environmenmhanners of analyzing data and synthesizing new
may be decoupled from gradual accumulation dénowledge. Nevertheless, in its pluralistic nature, the
changes in the genome, such as apparently ndframework retains those parts of morphological and
coding traits that are used to track continuity andholecular systematics that are genuine advances in
splitting of lineages. There is considerable evidenaystematic method. Brinton (1952: 277) ends with the
from molecular analyses that this is true, e.g. “crymbservation that no revolution has ever completely
tic” species, genera and families. fulfilled its promises.

O’Hara (1993) cited a paragraph by Dewey

The redemption of systematics faced with diffi{1910) that apparently predicts the future of sister-
culties in dealing with vast numbers of species amgroup thinking:
few broad methodological guidelines is not to follow
an arbitrary classificatory system that substitutes “Old ideas give way slowly, for they are more
nested monophyly for serial evolution. Evolutionary than abstract logical forms and categories. They
systematics recognizes phylogenetic paraphyly as a are habits, predispositions, deeply engrained atti-
necessary phenomenon of evolution. Cladograms tudes of aversion and preference. Moreover, the
postulate shared ancestors as explanations of rela-conviction persists—though history shows it to be
tionship, but morphological and molecular analyses a hallucination—that all the questions that the
are often different. The aim of the Framework pre- human mind has asked are questions that can be
sented here is to postulate one ancestral taxic struc-answered in terms of the alternatives that the
ture, based on macroevolution, that is shared by clas- questions themselves present. But in fact intellec-
sical taxonomy, morphological cladistics, and mo- tual progress usually occurs through sheer aban-

lecular analysis. donment of questions together with both of the al-
ternatives they assume—an abandonment that re-
Paradigms revisited —A final word on revolution sults from their decreasing vitality and a change

in systematics. Brinton (1952), in his classic work on of urgent interest. We do not solve them: we get
the subject summarizes (1952: 277) three major con- over them. Old questions are solved by disappear-
clusions, which may apply to some extent in sys- ing, evaporating, while new questions correspond-
tematics. (1) Political and cultural revolutions are ing to the changed attitude of endeavor and pref-
alike in instructive ways. Kuhn (1970) treats such erence take their place.” (Dewey, 1910: 19).
similarities as paradigm changes in science. (2)

Deeds and words often differ, with revolutionaries Although this is plausible, R. Feynman, in a
saying one thing and doing another. In systematiéémed lecture at Cornell University, pointed out that
one might point to the vast changes in definitions agevolutionary new ideas need to fully replace the old,
expectations of very important operational words likand fit well into their pragmatic function. Newton’s
monophyly (evolutionary versus strict phylogenetic)cosmology was not “gotten over,” it is replaced by an
evolution (of traits versus of taxa), support (mer&insteinian superset when relevant. Plane trigonome-
corroboration of morphological and molecular cladotry was not abandoned, it is replaced by spherical
grams versus similar data-rich separate analyses), tileen the latter is relevant.

(caulogram versus cladogram), data (some data ver- What now of the cladistic revolution? Brinton
sus all data), polyphyletic (distant on a cladograrfil952: 238) indicated that revolutions characteristi-
versus demonstrably from different ancestors), pacally last 35 years. It is now 35 years from the late
simony (tolerating a host of postulated unobservabl©70s when cladistics first burgeoned as a force in
unnamed shared ancestors as hidden causes vessistematics. Brinton also stated (1952: 240) that there
inferentially naming as many nodes as possiblels no real return to pre-revolutionary times, but a
lineage (a nested set versus a branching linear tratisew equilibrium” is established something like the
formation series), and so on. (3) An eventual pospre-revolutionary times but clearly different. The
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present Framework offers a kind of solution in whiclthinking or macroevolutionary transformations at the
no field is slighted as wrong or irrelevant, but all contaxon level, to approach data on evolution and biodi-
tribute particular strengths to a noble undertaking. ersity, what then are we to do with the myriad phy-
the Nash Equilibrium sense, all players maximizéogenetic studies published in the past 30 years in
their profit given the known strategies and activitieseputable journals, often financed by public funds?
of the others. Such shared knowledge of data afdhey, in fact, remain valuable for the illuminations
method is necessitated by the Framework. We can tieey provide—no matter how obliquely—on macro-
longer both ignore each other and prosper. evolutionary transformations. Morphological cladis-

tics helps develop natural keys and identify primitive
Ascription of fault — Humans relieve themselves oftaxa by phylogenetic propinquity with similar taxa in
anxiety by assigning responsibility for major prob-basal clades. Molecular techniques may imply deep
lems to others. Examples of such others are scapmicestral taxa through phylogenetic paraphyly, and
goats, sin eaters, those with religions more strangglit taxa when patristic distance is larger than rea-
than one’s own, and hapless leaders of once popusamably expected for extinct or unsampled phyloge-
causes. No set of persons is, however, guilty of susetic paraphyly of molecular strains. Note that many
taining the intellectual bubble of phylogenetics whilef the examples of this book are based on re-inter-
cognizant of its fatal flaws. Phylogenetics has beenpetation of published phylogenetic papers. Any clas-
science-wide self-delusion, 30 years of falling dowsification changes that have been made on the basis
an up escalator. It has been powered by the sawie phylogenetic nesting must be re-considered, at
thing that drives all victims of confidence games—east for bias on account of strict phylogenetic mono-
blinding greed, in this case for the perquisites of Bighyly and self-nesting ladders, at best for a thorough
Science. search for inferable macroevolutionary transforma-

tions distinguishing pseudoextinction and budding
What happens now? —If the Framework has dem- evolution. It is quite possible, however, in even the
onstrated that there are significant problems witmost felicitous scenario, that systematists will be pre-
“tree-thinking” in both morphological and molecularoccupied during the next many years with salvage
cladistics, and has suggested a new way, stesystematics.
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GLOSSARY

There are several glossaries of phylogenetic terminology on #ie Mére are presented a small selection of
these words plus new or possibly differently defined tesmsised in the present volume concerning evolu-
tionary systematics.

Abduction — Creating hypotheses. lation should result in much the same thing.
Aleatory — Probabilistically determined, as with aCaulistic — Pertaining to the axis and branches of an
throw of the dice. evolutionary tree, showing serial macro-

Alpha taxonomy — Part of systematics concerned evolutionary transformations, e.g. a “Besseyan
with collection, identification, recognition of new  cactus” or caulogram.
taxa (particularly species), preparation of regionaaulogram — a tree with emphasis on identified stem
checklists and identification manuals, and mono- taxa; see commagram.
graphs or revisions; largely confined to morpho€l — Confidence interval (or level), a frequentist
logical, biogeographical, and ecological analytic equivalent of the BPP.
evaluations. Cladogram — A cluster analysis based on synapomor-

Anagenesis — Gradual evolutionary change in a line- phies; an expanded diagram representing a set of
age without splitting, or as associated with pseu- nested parentheses; a calculated representation of
doextinction. hierarchical evolutionary relationships. Com-

Anastasis — Molecular parallelism (two morphologi- monly assumed to be equivalent to a monophylo-
cally identical descendant populations from one gram.
ancestor) or polyphyly (two morphologically Coarse priors — Also known as “stepped priors.” For
identical descendant populations from two differ- estimation of reliability of the evolutionary rela-
ent ancestral taxa), the generation of two taxa of tionships of classical taxonomy and molecular
the same name from an ancestral taxon of a dif- cladistics, intuitive priors are set at 0.99 (almost
ferent name at the same taxonomic level. certain); 0.95 (just acceptable); 0.75 (some sup-

Ancestral taxon — One or more sections of a clado- port); 0.60 (hint of support); 0.50 (equivocal). See
gram or one section of a caulogram consisting of Table 8.1.
inferred deep ancestors of extant exemplars th@bmmagram — A Besseyan “cactus”; a tree consist-
are diagnosable as one particular taxon. ing of fat tadpoles showing directions of macro-

Apophyletic — An apophyletic branch is that branch evolution of taxa; a caulistic monophylogram.
that comes out of a paraphyletic relationship on @ongruent — Two cladograms that agree; iseen-
cladogram, being bracketed by two branches of a gruent
single taxon of the same or lower rank; evolution€onciliate — To reconcile, to make compatible, to
arily a descendant taxon but in a cladistic context. come half way.

Autapomorphy — A unique trait uninformative of sis-Conservative traits — Traits that are refractory to ad-
ter-group relationships but which may be informa- aptation and which commonly occur in different
tive of unigue evolutionary status or direction; a adaptive regimes associated with different taxa
distinctive trait of no use in cladistic analysis but that are related by such traits, acting like tracking
a major element of macroevolutionary transfor- traits in molecular systematics; commonly in sta-
mation. sis as opposed to molecular traits which are not,

Bayesian analysis — A statistical method of estimat- although these may each have different approxi-
ing phylogenetic relationships in terms of nested mate rates of mutation.
diagrams, using only data that is precise and am€ensiliate — An induction or generalization that is
nable to such nesting; proper analysis is the obtained from two or more different sets of facts,
Bayesian Solution, which includes the effect of all e.g., melding logically classical taxonomy, mor-
data, precise or imprecise, to give a probabilistic phological cladistics, and molecular systematics
answer in view of risk if wrong. such that all three infer a single joint macroevolu-

BPP — Bayesian Posterior Probability (a.k.a. BP). tionary explanatory structure.

Budding evolution — Speciation from a static ance®issilient — Springing open, exploding apart; here
tor; usually associated with peripatric speciation referring to a genus inferred as generating many
(margins of a range) although rapid sympatric iso- usually highly specialized descendents or stirps.
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Extended paraphyly — Phylogenetic polyphyly wititMonophylogram — A diagram of serial and branching
no evidence of clades generated by differently evolutionary relationships; a Besseyan cactus or
named ancestors; several contiguous nodes of onecommagram.
deep ancestral taxon may be the correct centfdlonophyly — A clade with all taxa traceable to one
feature of a cladogram. ancestor; monophyly as used by phylogenetists is

Evolution — Modification through descent of taxa. axiomatically strict, as used by evolutionary sys-

Evolutionary systematists — Systematists who accept tematists, monophyly allows nesting of taxa of the
or even celebrate phylogenetic paraphyly as a ba- same rank.
sis for classification, and by extension acceptultiple test (or multiple comparisons — A problem
macroevolutionary transformations at the taxon in statistics in which if you look around enough
level as a basis for classification. you will find, by chance alone, some surprising or

Exemplar — A sample of one; a specimen used to rep- supportive data, e.g., finding alternative sets of
resent a population, a species, a genus, a family, traits that do support a molecular relationship that
etc., in a molecular cladogram. is contrary to a relationship from morphological

Heterophyly — Including both paraphyly and phy- or classical analyses.
logenetic polyphyly, simply two exemplars of theNesting — Hierarchical diagrams in phenetic and
same taxon distant on a cladogram by at least one cladistics that show distance between taxa by
intervening exemplar of another taxon of the same multiple layers of inclusive traits or series of in-
or higher rank; e.g. ((Al, B) A2) as a terminal ferred trait changes.
group, where Al and B are sister but A2 is an elNode — Where two branches diverge in a cladogram;
emplar of the same taxon as Al; the most impor- in phylogenetics, a locus tenens for an unnamable,
tant evolutionary information from molecular unobservable, shared ancestor; in evolutionary
cladograms; also known as non-monophyly. Sim- taxonomy, an often nameable, often extant pro-
ple heterophyly is a single clade with two sepa- genitor of one or more exemplars.
rated exemplars of the same taxon, complex hadTU — Operational taxonomic unit, a specimen or
erophyly is two clades generated by, for instance, taxon ending a branch in a phenetic or cladistic
two self-nesting ladders from the same ancestral tree.
taxon (also called phylogenetic polyphyly). Paraphyly — Disparaging phylogenetic jargon for a

Holophyly — Strict phylogenetic monophyly; all  cladogram’s representation of a progenitor in a
members of a clade must derive from one shared macroevolutionary series.
ancestor and the clade can have only one namePatrsimony — A method of grouping taxa, which we
any rank, a cladistic classification “principle.” all tend to use as a first pass from whiclstart

Homoplasy — Trait similarity in cladogram lineages analysis under the rubric that the simplest causal
that lead back to different shared ancestors, in the patterns should be examined first, given theory, in

context of holophyly. absence of other information; contrarily, the phy-
Incongruent — Two cladograms that disagree; see logeneticendof analysis.
congruent Phylogenetics — An advanced form of mechanical

Macroevolution — Descent with modification of taxa, knowledge in which unexplained, unnamed, un-
requiring explicit distinction of pseudoextinction observable processes as hidden causes explain the
or budding evolution; series or successively relationships of progenitors and descendants;
branching sequences of taxa, impossible to dia- cladistics with annotations of evolutionary infer-
gram with cladograms having unnamed nodes, ence.
therefore not critical to phylogenetics. Phylogeneticist — A systematist who finds greater

Mapped taxon — Nodes on a molecular cladogram precision in modeling evolution by nested dia-
between certain separated exemplars representinggrams than by serial descent with modification.
inferred ancient ancestors of present-day taxa amlyphyly — Evolutionary polyphyly is two lineages
diagnosable at a particular taxonomic level (the not reasonably derived from the same ancestral
lowest shared by the exemplars) through a kind of taxon but named the same. Phylogenetic poly-
taxonomic uniformitarianism; the best informa- phyly is two exemplars or lineages separated by
tion from molecular systematic analysis. two or more nodes; phylogenetic polyphyly can

Microevolution — Successive changes of traits be either evolutionary polyphyly or simply ex-
mapped on a cladogram but seldom expressly as- tended paraphyly, the latter with an implied an-
sociated with changes from one taxon to another. cestral taxon generative of two or more descen-
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dant lineages. Complex heterophyly involves two higher than the nodes leading to its descendants,
inferred self-nesting ladders. either by reversal of morphological traits or con-
Primitive — First or nearly first in a series. A serial tinued mutation of tracking DNA, or by both.
concept in macroevolution as opposed to plesic&tasis — Taxa remaining much the same for thousands
morphic, which is a nesting concept in phylo- or millions of years without apparent change in
genetics. morphology and other expressed traits (at a par-
Pseudoconvergence — Wrong ordering or pairing of ticular rank), possibly maintained through stabi-
branches in a molecular cladogram due to a com- lizing selection; why we can do taxonomy at all.
bination of self-nesting ladders and extinct or unStirp (plural stirps) — A line descending from a single
sampled lineages that contribute to extended ancestor, an English word based on Latin “stirps”
paraphyly. (plural stirpes) as in the legal sense of distribution
Pseudoextinction — Strictly this is the changing of of a legacy equally to all branches of a famper(
one species into another through anagenesis, thusstirpeg. Used for one of a cloud of descendants of
the ancestral species, as such, dies out. Phyloge-a core generative species.
netic pseudoextinction is when an ancestral sp&uperoptimize — To make a morphological or mo-
cies goes pseudoextinct (changes into another lecular cladogram even more parsimonious by at-
species) after or while generating a daughter line- tempting to name nodes as ancestral taxa of vari-
age or molecular strain. This is a little easier to ous ranks, based on considering specialized mor-
accept than the usual assertion that an ancestral phology, biogeography, and ecology of the exem-
species dies out after generating two daughter plars involved; this minimizes unnamable, unob-
species, but also rejects the common occurrence servable, unexplainable superfluous entities.
of ancestral stasis. A shared ancestor of a differefiaixic — Of taxa.
species is expected at a dichotomously branchifigee, evolutionary — A branching representation of
node in cladistic models of evolution. macroevolution, emphasizing serial, not nested,
Punctuated equilibrium — Speciation associated with, caulistic relationships.
at first, bursts of rapid change, then long phendrree, phylogenetic — A cladogram of inferred nested
typic stasis. evolutionary relationships; a set of nested paren-
Self-nesting ladder — A portion of a cladogram in theses.
which a progenitor taxon has appeared in a tree
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