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Pretace to the First Edition

This book is designed to introduce the upper level undergraduate or beginning graduate student
to the philosophical and theoretical aspects of plant taxonomy. At the present time, there is no
text that fills this need. The closest book in depth and breadth of coverage would be the excellent
Principles of Angiosperm Taxonomy by Davis and Heywood (1963), which is now more than 25
vears old. In particular, the past decade has seen a proliferation of articles and books on phenetic
and cladistic philosophies and methodologies, to the extent that there is now a real need for a
balanced account of these new developments for professors and students of plant taxonomy.
The literature is extensive, the debates are often acrimonious, and the polarization of the broad
community of svstematic biologists is acute. Definitions have been changed, historical perspectives
and precedents have been ignored or interpreted differently, and numerous viewpoints have been
offered. The challenge is immense to the teacher and student of plant taxonomy to sort this all ont
and apply these concepts and methods to actual situations. The recent books, Plant Taxonony and
Biosystematics (Stace 1980), Introduction to Principles of Plant Taxonomy (Sivarajan 1984), and
Fundamentals of Plant Systematics (Radford 1956) are steps in the proper direction, but they lack
the detail of coverage of most topies desirable for advanced students.

The present test is divided into two parts. Part One contains the principles of taxonomy
including the importance of taxonomy and systematics, characters, different approaches to biological
classification, and concepts of categories. These are the basic chapters that tell what taxonomy is and
how one goes about doing it. As will be obvious when reading this book, evolutionary (= phyletic)
taxomomy is favored as the best approach to biological classification. Considerable attention has also
been given to phenetics and cladistics, however, and a balanced presentation has been attempted
despite my own biases. We are now entering a new phase of biological classification in which
phyletic classifications can be constructed explicitly, called here “The New Phyletics™ ( Chapter 9),
and it is hoped that this book will stimulate more interest in this direction.

Part Two ontlines different types of data nsed in plant taxonomic studies with suggestions on
their efficacy and modes of presentation and evaluation. Not all tvpes of data have been included,

but the most commonly used ones are discussed with reterences given. The equipment and financial
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resources needed for gathering each type of data also are
listed briefly. The main point has been to show (by illustra-
tions and references) the incredible diversity of data used
for taxonomic purposes in angiosperms and to stimulate
their further use by students and workers. Specific case
studies in which these data are employed are fewer than
the displays and discussions of data themselves.

Many quotes are placed throughout the text to empha-
size the historical perspective, which is so important in the
development of taxonomic terminology and philosophy.
Similarly, the life spans for historically important workers
are given to help show the total period in which each indi-
vidual lived and worked. The literature cited is not exhaus-
tive, but is extensive enough so that most topics are covered
reasonably thoroughly, and it can serve as a good spring-
board for additional readings in a particular area. The cutoff
date for new literature additions was 1 July 1988,

The view of taxonomy presented here is primarily a
personal one. | have tried to determine what | do opera-
tionally as a practicing plant taxonomist and to view these
activities within a meaningful conceptual framework.
These ideas have been augmented and refined by the con-
cepts of others, which have been cited when they could be
recalled. Some ideas that seem original to me now were
stimulated no doubt many years ago by miscellaneous
readings or comments from colleagues or students, the
sources of which have long been forgotten. I have placed
particularly heavy emphasis on concepts throughout these
chapters, because I believe strongly that the most creative
taxonomy is done by those who know (or at least strive to
know) conceptually what they actually are doing. | hope
this perspective will be stimulating and useful.

Columbus, Ohic 1989, TES,



Preface to the Second Edition

Most technical books quickly outlive their usefulness. Published in 1990, the first edition of Plant
Taxonomy, althongh still serviceable in many ways, now lacks discussions of new avenues in plant
systematics that have appeared during the past 15 years. This second edition attempts to remedy
this deficiency.

From a general perspective, these vears have seen amazing changes in new data and their
utility at all levels of the hierarchy from populations to orders and even to domains. Innovations in
use of molecular data, tree-building algorithms, and statistical evaluations have changed the field
immeasurably. This has not been a time of deep philosophical reflection that we did in the 1960s
and 1970s. The 1990s was a period of experimenting with new data, especially those from DNA,
and how best to handle them. The results have been nothing short of extraordinary (some might
say even revolutionary), and systematic biology is now viewed as more central to biology as a whole
than ever before.

Another remarkable achievement during these 15 vears hasbeen the agreement of the systematic
biology community on a single highest priorityv: the complete organismic inventorying of the planet
| Systematics Agenda 2000; Anonymous 1994). Although this single objective is appealing in its
simplicity and obvious in its importance to human wellare, we have not yet been able to marshall
needed implementations to achieve this objective. Perhaps the next 15 vears will demonstrate
success in what is admittedly a more political arena. The new Web-based Encyclopedia of Life
project offers hope in this direction.

With any second edition, an anthor obviously must decide on what exactly is the goal. With a
brand new text, it is in some ways easier—a new logical structure is formulated, and the volume
starts to take shape. This second edition of Plant Taxonomy preserves the structure of the first
edition and adds to it. This has resulted in some degree of tension in the book, due to so many
changes in our field during the past 15 vears. 1 have also elected to leave many of the older literature
citations and add new ones to them, hence providing a more than 40-vear sweep of references for
our field. This seemed to me more useful than eliminating all earlier references and replacing

them with only the more modern citations. With new topics, however, such as in the chapters
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(21 and 22} dealing with molecular data, I have obviously fo-
cused on the recent papers. As for figures to illustrate points
made in the text, 1 have kept many of the previous ones, if
they still seemed to communicate the points effectively, but
I have also changed and added others (89 new plates) based
on the nature of the data andfor visual appeal.

To provide proper literature coverage for this second
edition, the following journals were systematically re-
viewed from 1989-2006: American _fnm'rlr.!.lr u-f Berteryg;
Annual Review of Ecology, Systematics and Evolution
(formerly Annual Review of Ecology and Systematics);
Cladistics; Evolution, Molecular Ecology, Flamt System-
atics and Evolution: Systematic Botany, Systematic Biod-
ooy (formerly Systematic ?,fmlrﬂgyj; and Taxon. The cutoff
date for addition of most new literature was 31 Dec 20086,
with selected additions up until 1 Oct 2007, Articles from
many other journals have also been incorporated, obwvi-
ously, but these formed the core of the new information,
New books have also been consulted, and these have been
liberally cited as an aid to the interested reader. Some im-
portant, overlooked, older references have also been added
for more completeness.

In a text of this broad scope, it is obviously impossible
to discuss and analyze all issues in depth. My philosophy

has been to provide enough literature citations so that the
reader has a basis for consulting the primary literature on
m!art':r' any lopic. All told, more than 3000 new citations
have been added, The objective has been to open doors
and windows to the numerous and complex topics in sys-
tematic botany rather than to provide detailed analyses for
each. Obviously, some topics are covered in more depth
than others depending upon my own interests.

This second edition has also provided the opportunity
to redress deficiencies in the first edition. Several helpful
reviews of Plant Taxonemy (Jensen 1990a; Austin 1991;
Campbell 1991; Keener 1991; Stevens 19%1a; Mabberley
1992; Morrison 1993) have shown the needs to address
specific topics in more detail and to correct errors of writ-
ing, editing, and production. James Runkle in 1993 also
sent me student evaluations of the book that were ex-
tremely helpful.

I hope that the revised edition of Plant Taxonomy
will prove as serviceable as the first. For my part, | have
learned an incredible amount regarding new develop-
ments in our complex and challenging field. It is not easy
being a plant systematist—but 1 can't possibly imagine
being anything else.

Vienna, Anstria 2008, T. F. 5.
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Taxonomy provides the bricks and systematics the plan, with which the house
of the biological sciences is built.
(K. M. May, 2004:733)

Taxonomy can justly be called the pioneering exploration of life on a little

known planet.
(E. 0. Wilson, 2004:739)

Plant taxonomy has not outlived its usefulness: it is just getting under way on

an attractively infinite task.

{ L. Constance, 1957:92)
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he Meaning of
Classification

Taxonomy is dynamic, beantiful. frustrating, and challenging all at the same time (fig. 1.1).
It is demanding philosophically and technically, vet it offers intellectual rewards to the
able scholar and scientist. It can be manifested in works of incredible detail as well as in
logical and philosophical conceptualizations about the general order of things. It has strong
implications for interpreting the reality of the world as we can ever hope to know it.

Becanse taxonomy has deep historical roots, the past is never escaped. This places an
increasing burden upon practitioners to inderstand old and new material. The past must be
dealt with for older results, and every new discovery must be digested and incorporated. As
Constance aptly put it, “My ideal taxonomist, therefore, must be very versatile indeed, and
should preferably be something of a two-headed [i.e., two-faced] Janus, so that one set of
eyes cin look back upon and draw from the -Experiﬂnue of the past. and the other Pairu:an
he focused upon deriving as much of value as possible from developments on the present
scene” (1951:230).

Taxonomy is a synthetic science, drawing upon data from such diverse fields as
morphology, anatomy, evtology, genetics, evtogenetics, chemistry, and molecular biology.
It has no data of its own, Every new technical development in these other areas of science
offers promise for improved portrayal of relationships of organisms. This is a demanding
aspect of taxonomy for a practicing worker, because it is virtually impossible to understand
mmpletei}r all of these different dnta-gaﬂmﬁng methods, yet high]}f desirable to be able to
master as many as possible. Furthermore, the accumulation of data and their interpretation
never cease, Not only do new technigues of data-gathering provide more information that
must be bronght to bear on understanding relationships, but also these new interpretations
reveal new taxonomic groups that must be understood and utilized. These are some of the
reasons why tavonomy (and its parent discipline, systematics) has rightly been called “an
unending synthesis™ (Constance 1964), “an unachieved synthesis” (Merxmiiller 1972), or
even more poetically, “the stone of Sisyphus™ (Hevwood 1974).
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(TR Anexample of the challenges facing the plant taxonomist is shown dramatically by this bizarre
landscape, which could represent an obscure arca of the earth or perhaps even another planet, with com-
pletely new and ditferent plant forms. If this scene were on earth, we would have considerable biological
information on plants in general, e.g.. modes of reproduction, structures, and functions, and a good back-
ground of ideas on how to proceed with classification of these groups based upon historical classificatory
records. [f on another planet, however, attempting a predictive classification of these forms would be unbe-
lievably difficult, with nothing known about modes of reproduction, structures and their functions, mecha-
nisms of evolution, or even what is an individual or population. This same type of overwhelming challenge
was faced by plant taxonomists on this planet approximately 500 years ago. (From Lionni 1977, frontispiece)



A Few Definitions

Classification, Taxonomy, and Systematics

Taxonomy has had various meanings over the past 150 vears, and
particular confusion with systematics has prevailed. Systematics no
doubt was used very early as “a casual self-evident term” (Mason
1950:194) to refer to the ordering of organisms into rudimentary
classifications. This activity has ocenrred ever since people have
lived on earth | Raven, Berlin, and Breedlove 1971). The early
documented use of the term systematics (as systematic botany) can
be traced at least as far back as Linnaeus (1737a, 1751, 1754), and it
has persisted to the present day although in modified form. Linnaeus
(1737a:3) stated that “we reject all the names assigned to plants by
anvone, unless they have been either invented by the Systematists
or confirmed by them.” In 1751, he used the term (as “botanico-
systematici,” p. 17) to refer to workers who “carefully distingnish the
powers of drugs (in plants) according to natural classes.” He made the
definition of a Systematic Botanist even more clear in his preface to
the fifth edition of the Genera Plantarum:

The use of some Botanic System 1 need not recommend even

to beginners, since without svstem there can be no certainty in

Botany. Let two enquirers, one a Systematic, and the other
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an Empiric, enter a garden filld with exotic and
unknown plants, and at the same time furnishd

with the best Botanic Library; the former will easily
reduce the plants by studying the letters [i.e., features
of diagnostic value] inscribed on the fructification,

to their Class, Order, and Genus; after which there
remains but to distinguish a few species. The latter will
be necessitated to turn over all the books, to read all
the descriptions, to inspect all the figures with infinite
labor; nor unless by accident can be certain of his
plant™ (1754:xiii, 1787:1xxvi).

Books using the term systematic botany appeared thereafter
(e.g., Smith's An Introduction to Physiological and Systematical
Botany 1809 and Nuttall's An Introduction to Systematic and
Physiological Botany 1827). Mason, although admitting the
difficulty of establishing the place of its first use, ventured the
opinion that systematics “might possibly have even preceded
it” [i.e., the use of taxonomy| (1950:194) and gave Lindley
(1830b) as the earliest reference.

A biologist interested in relationships during this early pe-
riod mostly studied morphological features and accordingly
grouped organisms into units, This ordering of organisms into
groups based on similarities and/or differences was (and still
is) called classification. This is a very old term going back to
Theophrastus in the third century B.c. {see 1916 translation).
The Swiss botanist, Candolle (1813), in the herbarium at Ge-
neva, coined faxonomy (as taxonomie)' to refer to the theory
of plant classification. It later became more generally used for
the methods and principles of classification of any group of
organisms and is still used basically in this way (e.g., Simp-
son 1961). From this point to the publication of the theory of
evolution by means of natural selection by Darwin (1859), the
two words, faxonomy and systematics, were regarded as syn-
onyms, although the latter was used much more frequently.
During this time, classifications were believed to reflect the
plan of natural order created specially by God, and man was
simply rediscovering the Divine Plan. Biologists engaged in
these activities of classification were called interchangeably
either taxonomists or systematists, Since Darwin’s time, sys-
tematists have not only continued their interest in classifi-
cation, but also have attempted to understand evolutionary
relationships among the groups so ordered. Furthermore,
some systematists have become interested in the process of
evolution itself, that is, in the mechanisms that produce the
diversity. Consequently, a systematist today may study many

'Some workers, e.g., Richter (1938), believed that taxonomy, if prop-
erly derived from its Greek roots, should be spelled “raxionomy” {or
even “taxinomy”), but these suggestions for change were unfounded
and unnecessary (Mayr 1966; Pasteur 1976) and have never been
adopted.

different aspects of evolutionary biology that are far removed
from the morphological investigations of a century ago. For a
useful overview of themes and progress in plant systematics
during the past half-century, see Stevens (2000a),

The basic methodology of modern systematics is outlined
in table 1.1. Data are gathered from organisms and their in-
teractions with the environmentand used to answer questions
about classification, phylogeny, and the process of evolution.
Specific examples of systematic studies might be analyzing
the patterns of adaptive radiation within a particular group
of species, comparing DNA sequences for reconstruction of
phylogeny, or investigating patterns of intra- and interpopu-
lational genetic variation. A similar and equally legitimate
viewpoint was presented by Blackwelder and Boyden (1952),
who indicated three sleps: (1) r::curding of data; (2) ana]}r-
sis of the data for making classifications; and (3) synthesis of

Table1.1 Outline of Methodology of Systematics

I. Accumulation of Comparative Data
A. From the Organism
I. Structures
L. Processes (interactions among structures)
B. From the Organism-Environment [nteractions
I. Distributions®
2. Ecology
IL Use of Comparative Data to Answer Specific Questions
A. Classification {most predictive system of classification
al all levels)
1. Method and result of grouping of individuals
2. Level in the taxonomic hierarchy at which the groups
should be ranked
B. Process of Evolution
I. Nature and origin of individual variation
2. Organization of genetic variation within populations
3. Differentiation of populations
4. Nature of reproductive isolation and modes of
speciation
5. Hybridization
C. Phylogeny (divergence and/or development of all groups)
1. Mode
2. Time
3. Place

"Fl-::lri?-ii.llﬁ. or the doc umentatyon ::lf what p[-.m (E] grow in _p;.'lrii cular
regions, is deliberately not listed in this table as a separate gquestion,
nor does it find a specific place in the areas of systematics in igure
1.2. Determining where particular plants grow is a very legitimate and
valuable activity within systematics, but it is essentially data-gathering
of distributions of plant groups that have already been classified.
some Horistic projecis, however, especially of poorly known regions
(e.g.. Rzedowski and McVaugh 1966; McVaugh 1972a, b) involve
considerable amounts of classification as well as original historical
scholarship. To this extent, they become more revisionary, and less
floristic, in character (for these and other distinctions, see Stuessy
1975). Many innovations in floristic work are presently occurring,
especially using Web-based technologies (see symposium introduced
by Kress and Krupnick 2006).
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and Elisens 2001), which utilizes different types of data and
the computer to help reveal relationships.

The labe] new taxonomy was used ’c‘:'!.-' Cain (195%9a) to refer
to anticipated advances in making taxonomic comparisons by
more quantitative means. This hope did not materialize in the
way Cain envisioned, but the development of what eventu-
ally was called numerical taxonomy has yielded many useful
results (see Chapter 7). Cain also introduced the term cryptic
taxonomy {1959b) or cryplotaxononty {1962) to refer to tax-
onomy in which the exact features used for comparisons have
not been made explicit (i.e., most of the traditional intuitive
approaches). The new taxonomy was meant to remedy this.

Comparative Biology

Comparative biology, also sometimes called “the comparative
method” (Fisher and Owens 2004), is a term similar to system-
atics and regarded as synonymous by some (e.g., Nelson 1970).

s rew oErnimions VDD

| view it here as broader, embracing any study that compares
particular features of organisms. For comparative biology to
be equivalent to systematics involves the asking of questions
only about classification and/or evolution (table 1.1). But other
very different questions also are sometimes asked that utilize
comparative data for answers, such as in genetics, physiology,
or descriptive and developmental anatomy. The focus of these
studies is simply descriptive of form andfor function and not
interpretive in the context of evolutionary relationships. It is
probably true that the most meaningful questions answered
with comparative data are, in fact, systematic ones, which may
be one of the reasons why some workers (e.g., Mayr 1969¢)
regarded comparative biology as falling completely within
systematics. Another and more broad approach was taken by
Melson and Platnick (1981), who ruga]'dr_d comparalive biol-
ogy as “the science of diversity” (1981:5), which includes the
primary areas of systematics and biogeography and also the
secondary areas of embryology and paleontology.
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tion of global conservation efforts (Brooks et al. 2006; Wilson
ct al. 2006). Elimination, or at least amelioration, of poverty
also relates to successful initiatives for biodiversity conser-
vation initiatives (Adams et al. 2004), as does reduction of
corruption (K. J. Smith et al. 2003; Laurance 2004). Hedberg
stressed: “In a world with rapidly increasing human popula-
tion pressures and accelerating exploitation it is imperative to
utilize biological resources sagaciously on a sustained yield
basis, and to this end we must have an adequate knowledge
of its flora® (1978:7), Many species vel to be described will
have enormous value for feod and medicine, and these are
often encountered serendipitously in the course of general
floristic work or in field work primarily devoted to other pur-
poses ([ltis 1982). Systematics is essential for helping ensure
our continued survival on this P]anc‘l (Fo rey et al. 1994; Vane-
Wright 1996; Leadlay and Jury 2006).

There is very good recent news with regard to system-
atists and conservation in that for the first time in history,
the systematic biology community has come together to
support a single top priority: to provide a complete biotic
inventory of the planet, the well-known Systematics Agenda
2000 (Anonymous 1994). However remarkable this written
consensus is, still lacking is translation of community con-
sensus into funded reality, such as achieved by astronomers
or high-energy physicists with their pieces of equipment with
multimillion- or billion-dollar price tags. Positive steps toward
implementation can be seen with the ALL Species Foundation
project (Smith and Klopper 2002; Boom 2005), which aims to
inventory all life forms within approximately 25 years. There
is also now the Web-based Encyclopedia of Life, which is user-
contributed and so may have a better chance to succeed.

Despite centuries of systematic work, we still know per-
haps only 80 percent of the seed plants, 5 percent of the fungi,
and an even smaller percent of the microbial world. We are
still quite clearly on a new voyage of discovery of our own
planet (Donoghue and Alverson 2000; Prance 2001; Brooks
and McLennan, 2002). There is even considerable disagree-
ment on the number of seed plants that inhabit the earth,
i.¢., the dominant vegetation, with estimates ranging from a
low of 223,300 (Scotland and Wortley 2003) or ca. 260,000
(Thorne 2002) to more than 420,000 (Govaerts 2001, 2003;
Bramwell 2002).

Clearly much more collecting is needed (Prance 2001,
2005}, as is more monographic work (Stuessy 1993; Helgason
et al, 1996; Hopkins et al. 1998; Kirschner and Kaplan 2002).
Considerable attention has been given to the "taxonomic
impediment” (Environment Australia 1998), ie., the lack
of trained personnel to get the job accomplished. While the
lack of human resources is certainly an issue, employment
of parataxonomists, those with some training, may provide
a solution (Basset et al. 2000). Likewise, US.A. governmen-
tal funds have also been channelled successfully toward large

THE RELEVANCE OF 5¢sTEMATICS IFETD

training programs in monographic systematics (the PEET
program; Rodman and Cody 2003). Certainly greater use of
the Internet in making information on existing biodiversity
more readily available is also to be encouraged (Bisby 2000;
Godfray 2002; Wheeler 2004).

As a result of the need to inventory the planet, especially
considering the current high rate of loss of biodiversity, some
workers ( Blaxter 2003; Tautz et al. 2003; Pons et al. 2006) have
suggested completing a more rapid DNA inventory rather than
a relatively time-consuming, normal, taxonomic approach of
defining and describing new species based largely on mor-
phological features. As one example, Fuhrman and Camp-
bell {(1998) found DNA sequences from deep-sea samples
that were 30 percent different from any known organism. As
another example, Venter et al. (2004) filtered several hundred
liters of sea water from the Sargasso Sea, not known for its
microbial diversity, and used whole-genome shotgun sequenc-
ing to reveal the existence of microorganisms. The results
yielded 148 previously unknown “phylotypes.” Others have
echoed the need for similar microbial assessments (DeLong
and Pace 2001; DeLong et al. 2006; Mering et al. 2007; Not
et al. 2007). Positive suggestions for inventorying fungi in the
soil have also been expressed (Gewin 2006), Although such
efforts tell us next to nothing about the organisms themselves,
ie., about their morphology, reproduction, life processes,
and ecology, they can show levels of genetic diversity within
a particular ecosystem. Some overly enthusiastic workers,
however, have even advocated establishment of classifications
based primarily on DNA sequences (Tautz et al. 2003; Blaxter
2004), but not surprisingly, not everyone agrees (Seberg et al.
2003). Moritz (2002) and Ennos, French, and Hollingsworth
(2005) have properly stressed the importance of thinking not
just about conserving taxa {or structures) but also about evo-
lutionary processes, especially in dynamically changing taxa
that provide us with ditficult taxonomic boundaries.

Systematics can also help in developing further the eco-
nomic resources that we already have. Biological control of
agricultural pests, especially insects, has been used for de-
cades with f]'r:f_]utnl success, For such endeavors to wark 'I.\r|:]_|,,
systematists must be involved with proper identification of
the organisms plus supplying data on their ecology and re-
productive habits (Clausen 1942; Sabrosky 1955; Rosen 1986)
to avoid unanticipated, unwanted, and economically ruinous
results. Proper identification of plant materials is also impor-
tant in customs work, as well as forensic applications (Coyle
2004), The proper use of land resources such as the build-
ing of new dams, new canals, and strip mines, is another area
in which systematists play an indispensible role by advising
on the possible ecological impact on organisms living in the
region (Hedberg and Hedberg 1572). Further, the knowl-
cdg:‘: and 1r:|:hni.-;.1u|:.'«; Eain::d h}r syslemalists l,hrnugh ﬁlud}'
of relationships of wild species can often be used to improve
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The Importance
and Universality
of Classification

Of the numerous important contributions that systematics makes

to society and biology, none is more significant than that provided

by classification (and its theoretical and methodological nmbrella,
taxonomy). Classification is a pervasive human cuality “like the
predisposition to sin, it accompanies us into the world at birth and
stays with us to the end” (Hopwood 1959:230). Although it cannot
be denied that the construction of classifications provides intellectual
satisfaction for those who make them (]. A, Moore, in Warburton
1967), and, in my opinion, this by itself is justification enough, many
more positive features of classification also exist. Heywood suggested
that the societal value of taxonomists and their classificatory efforts
and products would be negligible: “what effect would a strike of
taxonomists have? The immediate effects would be few! A handful
more people would die each day as the narcotics bureaus and

emergency hospital services were unable to identily plant material;
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some hierarchies reflect more of these relationships than
others. A minority viewpoint is that because we shall never
know any true phylogeny (which must be admitted as a fact of
life}, then we shouldn't waste time trying to reconstruct one
(Sokal and Sneath 1963), and we shouldn't delude ourselves
into believing that our classifications really reflect these evolu-
tionary patterns in any precise way (Davis and Heywood 1963;
Davis 1978; Brower 2000a). 1 do not share this perspective.
Another most significant feature of classifications is
their use as summarizing and predictive devices (Rollins
1965; Warburton 1967). This is mentioned by most work-
ers as the most important quality of a classification, but it
is often phrased in slightly different ways, e.g., “to construct
classes about which we can make inductive generalizations”
(Gilmour 1951:401; see his similar view in 1940), or "as a
basis for predicting a maximum number of unknown char-
acters” (Michener 1978:114). It is worth bearing in mind,
however, that “The idea of the predictive value of a classifi-
cation is ambiguous. It means that one can describe a trait
as characteristic of all members of a taxon before it has been
verified for all. It also means that if organisms have been
classified together as a taxon' because they have all been
found to share certain traits, they will later be found to

"The term taxon refers to a taxonomic group at any rank in the hi-
erarchy, such as species, genus, or family (coined by Meyer-Abich
1926; see also Mayr 1978). The term will be covered later in this book
in our discussion of categories, but it is so useful that its early intro-
duction here facilitates discussion in this and subsequent chapters.

THE IMPORTANCE AND UNIVERSALITY OF CLASSIFICATION X0

share other traits as well” {Warburton 1967:242). An exam-
ple of the first meaning of prediction is the following: con-
sider that within class A, defined h}-‘ features other than leaf
arrangement, members of subclasses X and Y are discovered
to have opposite leaves. We can infer, therefore, that mem-
bers of a third subclass Z in the same class should also have
opposite leaves. To test this prediction in an informal sense,
we can look at Z and see what type of leaf arrangement it
has. To test the prediction even further, we can look at the
leaves of the most distantly related subclass that is still in-
cluded within class A, The ability to make such predictions
is the basis for much of our search for useful plant materials,
especially for chemical compounds that have medicinal value
("bioprospecting;” e.g., Balick, Elisabelsky, and Laird 1996).
If a useful compound is discovered in one group of plants,
the most closely related groups are looked at next to learn
if they, too, might have the same or similar compounds. As
an example of the second meaning of prediction, continu-
ing the same example as above, if within class A subclasses
X, Y, and Z all have certain morphological and anatomical
features the same, then one can predict that their chemical
constituents (or lack of them) will be the same, too, even
though nothing is vet known about this type of data in this
group. Warburton stresses the importance of the predictive
value of classification: "All other biologists must trust tax-
onomists to provide them with classifications that maximize
this probability [of inductive generalizations], since the
validity of all observational and experimental biology
depends upon such classifications” (1967:245).
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1986, for additional agreement). Mayr (1969c) pointed
out that historically in systematics, the term character had
been used in this way for centuries, whereas the concept afl
character state had been only recently introduced explicitly
(Michener and Sokal 1957; Cain and Harrison, 1958, also
used character "value” in the same context). He advocated re-
turn to the original usage (as did Blackwelder 1967a).

Other workers have agreed with this perspective, but not
for historical reasons. Those who strive to construct classifica-
tions based on explicit ideas of relationship by evolutionary
descent and rigidly devised rules, the “evolutionary cladists”
(to be discussed fully in Chapter 8), view a character as “a
feature of an organism which is the product of an ontogenetic
or cytogenetic sequence of previously existing features, or a
feature of a Fn:"-'iuu_ﬂhl' existing Pan:nta.] organismis). Such
features arise in evolution by modification of a previously
existing ontogenetic or cytogenetic or molecular sequence”
(Wiley 1981a:116). From this perspective, only characters
have information of evolutionary value for constructing
classifications, and the need for states vanishes. Eldredge
and Cracraft also argued that use of character state is un-
necessary because character and character state are seen as
relative terms and “should be construed to mean relative
levels of similarity within a given hierarchy” (1980:30), The
“theoretical cladists.” also called "transformed cladists™ (Hull
1984), or “pattern cladists” (Brady 1985), who viewed clas-
sification systems primarily as informational and organiza-
tional systems without direct evolutionary implications, took
an even broader view of a character as "a unit of 'sameness"™
(Platnick 1979:542). Ghiselin (1984) even suggested aban-
doning character and character state and using “feature” for
both, but this would be terribly destabilizing (see below) and
is not al all recommended.

Related to character and character state are several other
general terms that need to be discussed, such as attribute,
quality, feature, trait, characteristic, descriptive term, prop-
erty, accident (accidentia), difference (differentia), and
essence (essentialia). These descriptors are all somewhat
related and will be considered within the context of three
general viewpoints: philosophical (or epistemological, which
deals with the theory of the origin, nature, and limits of
knowledge); logical; and biological. Very generally, a feature
is defined in dictionaries as "a prominent part or character-
istic” (Mish 2003:458). In a philosophical context, Gritfiths
(1974a) treated character and attribute as synonyms and
defined them following Kant (from Abbott 1886): "An attri-
bute is that in a thing which constitutes part of our cogni-
tion of it;” and "a partial conception so far as it is considered
as a ground of cognition of the whole conception” (quoted
in Griffiths 1974a:108). An essence (essentialia) is a feature
that attempts to reflect the philosophical essence of an object,
as used in Plato’s essentialist philosophy (discussed earlier).

CHARACTERS

Trait in my view would be a synonym for attribute or fea-
ture. Nixon and Wheeler (1990), however, drew a distinction
between trait and character state. They regarded the former
as an attribute that is not distributed among all individuals
of a terminal evolutionary lineage (clade) and the latter as
one that is comprehensively distributed (and hence of greater
systematic import). The logical viewpoint, deriving from
traditional Aristotelian logic and represented clearly in the
works of Linnaeus (Cain 1958) and other uarl'!.-' classifiers,
distinguished among ditference (ditferentia), property, and
accident (accidentia). In a strict logical sense, "Any quality or
attribute is regarded as being either a difference or a property
or an accident. A quality is said to be a difference if it serves
to distinguish the class of entities of which it is a quality from
other species of the same genus [genus and species used here
in a logical sense of set and subset relations], i.e., if it is uti-
lized in the definition of the class. A quality is said to be a
property if it is a quality necessarily possessed by every mem-
ber of the class, yet not utilized to distinguish the class from
other species of the same genus. A quality is said to be an
accident if it may indifferently belong or not belong to all or
any of the members of the class” (Sinclair 1951:94-95; for a
historical discussion of how the seventeenth century taxono-
mist, John Ray, viewed accidents, see Cain 1996}, Within the
biological context, a characteristic is viewed as: "A particular
character state occurring exclusively in certain specimens or
species, . . . Thus concerning the character tail, bushy tail is a
characteristic of squirrels and scaly tail is a characteristic of
rats. Bushy and scaly are different states of the character tail”
(Ross 1974:20). A descriptive term is a descriptor referring
to a condition (or state) of an organism that has taxonomic
import, and it can be equated with characteristic in the sense
of Ross (1974) above. In summary, then: difference, property,
accident, and essentialia have precise logical definitions; fea-
ture, quality, and attribute all refer generally to some aspect
of an organism (whether taxonomically useful or not); and
characteristic and descriptive term refer to aspects that are
regarded as taxonomically significant.

A good closing perspective to this discussion of defini-
tions of general characters and related terms is provided by
Davis and Heywood: “It follows from what we have just said
that no precise general answer can be given to the question
‘what is a character?’ This can only be considered in indi-
vidual cases and what we treat as a character will depend on
what we want to use it for. Even apparent absence of differen-
tial characters or expressions between individuals or groups
need not indicate that they are identical: differences may
well come to light after detailed study. It has been remarked
that one will always find characters for separation if one tries
hard enough and, one might add, find that characters used
for separation do not hold when more material is examined!”
(1963:114).

=T
i
&l



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



de Pinna (1991) similarity and congruence. Suffice it to say
that detection of homologous characters is a difhicult problem
for any ph}-'lug::n etic reconstruction, and Fitfal]:i can occur (see
the problem of interpretation of leaf homologies in Acacia, in
Kaplan 1984), Developmental genetics otfers many potentials
(Jaramillo and Kramer 2007). Because of the complexities
of the issue, botanists have tended to deal with the problem
obliquely, as indicated by Stace: "Homology is usually defined
on the basis of common evolutionary origin, a definition which
should in theory be uncontentious, but which in fact is usually
quite impractical because of our lack of evolutionary data. In
practice, therefore, one can only guess at homologies by mak-
ing as detailed as possible an investigation of the structures
concerned. More usually the problem is ignored™ (1980:55).
Wi||:1l|.' (198]1a) r{‘cclgnizt:d three types of characters: structural,
functional, and phylogenetic. The first two are those that ap-
pear to be similar, but are actually analogous. His phylogenetic
characters are the only true homologues, This is a confusing
perspective, because the way to determine homologies (or his
phylogenetic characters) is in part through detailed structural
(or even functional) comparisons.

Other sets of terms also are applied to phyletic char-
acters. Phylogenetic and ontogenetic characters are simply
features that, respectively, are presumed to reflect information
about the phyvlogeny of the group and deal with developmen-
tal features. Ontogenetic sequences can suggest phylogenetic
patterns, but they may not always do so (1o be discussed in
more detail later). A regressive character is one in which loss
of appendages or other features has occurred (Mayr 196%9¢),
such as absence of roots in some aquatic angiosperms (e.g.,
Ceratophyllum, Ceratophyllaceae). Use of this type of charac-
ter requires caution so as not to confuse it with the original
absence of a feature, In the evolutionary context, it is common
to speak of adaptive and nonadaptive characters. An adaptive
feature is one that contributes to the fitness of an organism
(i.e., its ability to leave offspring successfully), whereas a non-
adaptive feature does not contribute to fitness. The extent to
which characters are adaptive is a contentious issue that is not
likely to be easily resolved. The extremes range from view-
ing all characters as adaptive to the persistence of some per-
centage of neutral traits, which neither aid nor detract from
fitness. Part of the ditficulty lies in agreeing on an acceptable
definition of "adaptive.”

Cladistic Characters

Cladistic characters have developed from the cladistic
approach to classification, which attempts to determine
branching sequences of evolution and base a classification
upon them (see Chapter 8). These branching patterns are re-
vealed thruugh anal'f:iiﬁ in taxa of distributions of character
states that are believed to be significant evolutionarily and

ETH
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contained within homologous characters. A further point is
that only derived character states are regarded as significant
cladistically; primitive conditions are viewed as misleading
and uninformative. The pros and cons of this viewpoint will
be discussed in detail later in this book, but terms often used
in this approach are primitive vs. derived character states, or
as synonyms, general vs. unigue, generalized vs. specialized,
primitive vs. advanced, plesiotypic vs. apotypic, and plesiomor-
phic vs. apomorphic. The latter terms are those introduced
(Hennig 1966) and used by cladists (see Wiley 1981a and
Wagner 1983, for good definitions of these and other cladistic
terms). Shared derived character states between and among
taxa are called synapomorphies (or synapotypies), and shared
primitive states are symplesiomorphies (or symplesiofypies).
An .:mmp{.lm::rphl}-' 15 a derived character state DCCUrring unl'!.-'
in one evolutionary line and, thus, of no direct vse in con-
structing branching sequences (because only one taxon has
the feature). Polymorphic characters are those that have vari-
able states within a taxon, and this can cause problems with
data coding for cladistic (and phenetic) analysis (for a good
review, see Wiens 1999). Characters that are useful cladisti-
cally are sometimes called compatible characters (Estabrook
1478), in which the evolutionary directionality of the states
within each character is the same. Estabrook, Johnson, and
McMorris (1%975) made the distinction between frue cladistic
characters in an idealized sense and those that are defined op-
erationally in the course of actual studies. This distinction has
philosophical validity and mathematical reality, but is of only
passing interest for practicing taxonomists.

Phenetic Characters

Another major approach to biological classification is phenet-
ics, which uses overall similarity to assess relationships (of-
ten referred to as numerical taxonomy), and specialized types
of phenetic characters have also been proposed. Phenetic
classification makes no attempt to reflect evolution; taxa are
related based on similarity and difference of character states
regardless of the evolutionary content of the characters and
states. Much stress in phenetics has been on precision of oper-
ations in the process of classification. Therefore, characters are
defined in such a way to avoid any circularity as seen earlier
with the concept of homologous characters. The character
of choice in phenetics is the unit character: "a taxonomic char-
acter of two or more states, which within the study at hand
cannot be subdivided logically, except for subdivision brought
about by changes in the method of coding” (Sokal and Sneath
1963:65; the term apparently first used by Gilmour 1940:468).
The search for unit characters is based on avoiding logical
circularity and obtaining data in which each datum rep-
resents a new item {or bit) of information {Sneath 1957;
Sokal and Sneath 1963; Sneath and Sokal 1973). These unit
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Practical Considerations

The final perspective on selection of characters and states
focuses on practical matters. Despite all the above criteria,
there are clearly inconsistencies in how workers deal with and
code character data. Hawkins (2000) focused on how mul-
tistate characters are coded. She found nine different cod-
ings, including nominal variable, compaosite, ratio, logically
selected, conjunclion, and Pn.r.'itii_‘.nn&]- Similar investigations
also revealing inconsistency have been completed by Forey
and Kitching (2000) and Reid and Sidwell (2002). As all prac-
ticing taxonomists well know, it is important theoretically to
be aware of, and conversant about, ways in which characters
are important and can be selected, but basically it comes down
to choosing characters “which work™ (Cronquist 1957, 1964).
We rarely know the genetic, adaptive, evolutionary, or infor-
mation content of characters routinely used in constructing
classifications. The practicing taxonomist does make an as-
sessment of the conservative nature of characters, in the sense
of intuitively assessing their variations within and between
populations, and looks for correlations with other characters
to establish the suites needed for taxonomic circumscription.
Pheneticists stress no conscious selection of characters, but
rather the use of all of them after proper reduction to their

cHARACTERS IECR

*unit” natures (Sneath and Sokal 1973). However desirable
this might be in theory. it is not possible to take this approach
with the majority of taxonomic efforts in which speed of
work is valued, Selection of a handful of constant characters
and constructing a classification from them is much more
efficient than carefully reasoning out all the unit characters,
which could number more than 100, and developing the clas-
sification along these lines. The selection of character states
is equally problematical in practice, and this issue has not
yet been addressed satisfactorily. The choice of whether to
use qualitative or quantitative states is an initial and funda-
mental problem, although tradition in the taxonomic history
of a group offers a guide. But further problems abound: "If
a character is to be measured, what set of values should be
used to record the state of the character ina given individual?
For continuous characters such as leaf length, it might be the
nearest millimeter or the nearest centimeter. More difficult
decisions involve qualitative attributes, such as leaf shape.
Here, an investigator’s operational procedure would be simply
to recognize those patterns as distinct that best serve the pur-
pose of his analysis. This rule sounds terribly suggestive and
unscientific, but, to determine character states for qualitative
characters, no formal decision function exists that considers
one’s material and purpose any better” (Crovello 1974:458).
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ifferent Approaches
to Biological
Classification

During the past 50 vears, two new efforts toward elassification have been advocated:
phenetics and cladistics. These have been nothing short of revolutionary in the sense that
they have forced us to think about what we reallv are doing in classification and to do it
quantitatively (Stevens 2000a; Stuessy 2006). A comprehensive discussion of these and
ancillary approaches to biological classification is needed, especially because of the breadth
of the literature and development of different “schools.” each with definite (and sometimes
dogmatic) viewpoints. Although it is impossible to know evervthing about all these issues,
the student of modem plant taxonomy should be acquainted with, and have an informed
personal opmion about, the major points. For an excellent comprehensive review, see Mayr
(1982}, This section of the book presents brief historical and descriptive accounts of each of
the methods, detailed evaluations of the three major approaches (phyletics, phenetics, and
cladisties). and a plea lor a balanced perspective.

One might make the case that we are now entering a new phase in which schools
of biological classification no longer exist. Felsenstein (2004), in fact, suggested this
viewpoint. When morphological data were paramount for classification, lots of different
perspectives prevailed on how best to use them, especially with quantitative analyses. With
the arrival of DNA data, however, especially sequences in the late 1980s and early 1990s,
the challenge shifted from arguing about philosophical issues of classification to practical
concerns of getting trees for answering specific questions about relationships. That is,
the overwhelining new abundance of data foreed a more practical attitude toward tree
building and classification. For example, with a large dataset of DNA sequences, the use of a
P]]enel:'n:' algorithm such as neighbor joining will pmﬁde a very fast result and only one tree.
With a cladistic parsimony algorithm, it might take hours or days to get a result, and often
hundreds of shortest trees are presented, each slightly different, The objective, therefore,
has shifted from debates on the philosophical issues regarding procedures in classification to
discussions on which kinds and how much molecular data are needed for a convincing view
of relationships, Nonetheless. there are still strong views on these issues, and it still makes
sense, therefore, to present these different viewpoints separately in this book.
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From a historical perspective, Davis and Heywood (1963)
recognized in pre-Darwinian classification those systems
based on habit, sexual features (the sexual 5}"5!;1:1.11], and form
relationships. The former two are placed here into the artifi-
cial approach, and the latter into the natural approach (mostly
@ posteriori systems such as those of Jussieu and Candolle).
Jones and Luchsinger (1986) also recognized two additional
historical approaches: form and utilitarian. The latter stressed
the herbalists’ contributions (chiefly artificial), and the for-
mer referred only to a priori approaches based on external
form and, therefore, is also artificial in the context used here,
Woodland (2000) recognized form and sexual systems. Other

perspectives would include Blackwelder (1964), who champi-
oned the “"omnispective” approach. This corresponds largely to
the natural system as used here, in which selected and weighted
characters are used to develop a classification but without
emphasis on reconstructing the phylogeny. Kavanaugh
(1978:141) mockingly called this the "‘trust me, | know what
I'm doing’ school” All these different perspectives are legiti-
mate alternatives and of interest, but | have organized them
here so as not to detract from emphasis on comparison of the
three major approaches: phyletics, phenetics, and cladistics. Ta-
ble 5.1 shows the chronology of these different viewpoints with
examples of works primarily from the botanical literature.
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classification, as well as being obviously fundamental to
artistic endeavors. Kubler (1962:vii) defined art as "a system
of formal relations,” which could apply equally well to the
resultant hierarchy of classes constructed in the process of
classification. Simpson (1961:110) treated classification as “a
useful art” and spoke of "taxonomic art,” in which classifica-
tion is regarded as a combination of art and science. Mayr
offered this perspective: "It is by reading this chapter [Darwin,
1859, ch. 14] that one understands the true meaning of the
old saying that classifying is an art, But what is art? To be sure,
a superior classification provides a genuine aesthetic plea-
sure, but the word ‘art’ in the old saying is used in a somewhat
ditferent sense. As in the word ‘artisan’ it refers to a craft, to
a professional competence which can be acquired only
thro ugh years of Practict:" (1974a:5-6). Stearn added appro-
priately: “The work of a taxonomist is closely linked to that
of an artist: both seek patterns within diversity, the one to
record those he thinks he finds in nature, the other to record
those he finds maybe only in his own head, and one person
may be both taxonomist and artist, the danger then being
that he makes no clear distinction between these two forms
of expression!” (1964:84). There are many examples of excel-
lent taxonomists who have also been accomplished artists,
e.g., see the personally illustrated works of Hutchinson (1926,
1934, 1969) and Burger (1967). This does not imply in any
way, however, that these workers are poorer or more fanciful
than nonartistic taxonomists, but rather simply that they have
substantial talent in both areas.

Despite the aesthetic ties between classification and
art, the former is still unmistakably a science. It is not an
experimental science as are chemistry, physics, or molecu-
lar biology, but it is science in the sense of description and
arrangement of information in an orderly fashion, the devel-
opment of hypotheses, and the devising of tests to attempt their
disproot (and hence invalidation). The descriptive informa-
tion in characters of organisms is gathered and evaluated
and arranged in an orderly fashion into a hierarchical clas-
sification, which is the hypothesis of relationships suggested
by the data {characters and states), Predictions from this
hypothesis involve finding new datasets that will either corre-
late with (and not disprove) or be inconsistent with (and hence,
disprove, or at least suggest reevaluation of) the hypothesis.
Tests are made by gathering these new data and comparing
their distributions with already extant datasets of other types.
Examining newly discovered organisms and learning how all
their features compare with those characteristics of already
classified taxa in the classification comprise another form
of test of the hypothesis. In this fashion, new classifications
are often made as new data-gathering techniques become
available and as new organisms are discovered through field
r.','[plnral,ii‘.un and museum stu d}r.

The close association of the process of classification
with art has caused some workers in the past few decades to
react negatively. One of the reasons for this negativism may
be that science is definitely progressive, whereas art is less
503 in fact, the arts have at times been caricatured as a some-
what confused bird "who always flies backward because he
doesn’t care about where hes going, only about where he's
been” (Frye 1981:127). There have been two major efforts
to construct classifications on a more objective and repeat-
able foundation: phenetics and cladistics. In the former,
a strong emphasis is placed on the virtues of objectivity and
repeatability by taking all characters (unit characters) with-
out subjective selection and by constructing a classification
along explicit lines (allowing anyone else to follow clearly
what has been done). As Michener and Sokal stressed in one
of the earliest phenetic papers: "Taxonomy, more than most
other sciences, is affected by subjective opinions of its prac-
titioners. Except for the judgment of his colleagues there is
virtually no defense against the poor taxonomist” (1957:159).
By the same token, cladistics has developed as a means of
revealing branching patterns of evolution more explicitly,
and some workers insist that classifications be based directly
upon these patterns, “Cladistics has emerged as a powerful
analytical tool in comparative biology because it offers most
informative (least ambiguous) summations of any set of bio-
logical observations represented in a consistent, testable,
reproducible framework, Systematics has thus become a truly
empirical science, capable of assuming its rightful place as the
one indispensable branch of biology—the framework of com-
parisons for a comparative science” (Funk and Brooks 1981;
vi). Despite these laudatory attempts to remove subjectivity,
the fact remains that many aspects of classification by what-
ever approach are still largely based on the sound judgment
of the individual worker. The choice of taxa for initial study,
the selection of characters, the detection of homologues, and
the measurement and description of character states are all
aspects that require judgement, creativity, and experience,
no matter what approach to classification is used. It is well
to keep in mind that these specific areas of uncertainty are
backdropped by the general perspective "that science is
uncertain in its very nature. With exceptions mostly on a
trivial and strictly observational level, its results are rarely
absolute but usually establish only levels of probability or,
in stricter terminology, of confidence. Scientists must also
tolerate frustration because they can never tell beforehand
whether their operations, which may consume years or a
lifetime, will generate a desired degree of confidence. (If this
could be told beforehand, the operations would be unneces-
sary.) Indeed one thing of which scientists can be quite cer-
tain is that they will not achieve a complete solution of any
worth-while problem” (Simpson 1961:5),



Process of Classification

With all approa ches to elassification, no matter what the par-
ticular bias, the process of classification can be viewed as a
series of operations (fig. 5.1). Viewing the classification in this
dissected way will facilitate comparison of the different ap-
proaches to classification to be discussed next. Earlier in this
book, classification was defined as the ordering of individual
organisms into groups based on observed similarities and/for
differences, When only two or very few groups result from
this process, we can treat the resultant units as being coordi-
nate to each other and use the classification system in ways
already mentioned. But usually many units are involved, in
which case, some method is needed for showing the relation-
.‘il‘l'il:l':i among the ETOUPS, S0 that we can communicate more
easily about part of the ordered diversity. If many units have
been created, we face the same problem as if we were con-
fronting many separate individuals. To solve this dithculty,
larger groups composed of smaller units are made and given
categorical names. In this fashion, a taxonomic hierarchy of
ranked units results with the largest units being divided into
smaller subunits, these being further divided, and so on. The
process of classification, therefore, usually involves two sepa-
rate operations: (1) grouping and (2} ranking,

Grouping involves three specific steps (fig. 5.1). First, one
must select characteristics of the organisms to use in assess-
ing the similarities and differences. It is impossible, in fact,
to compare two or more objects without referring to specific
features of each (the taxonomic characters). The second step
in grouping involves describing and/or measuring these char-
acters. One cannot use the character "leaf shape” for example,
to compare two plants meaningfully, because they both have
leaves with !'-‘-l'IHPE- Instead, the kind :1f]:arlicu]ur ]J:Ef!ih.'d.l}r_'!i
in the two plants must be compared, such as “obovate” vs.

GROUPING
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*lanceolate” These are the character states that are actually
used for purposes of taxonomic comparison and evaluation.
The third step in grouping is to compare the chosen char-
acter states to obtain the groups. These comparisons can be
made in different ways. A formal method can be used (such
as in phenetics or cladistics), or the comparison can be done
more intuitively in traditional approaches. In some situations,
particular character states will be regarded as having more
importance than others for the parlicular grouping, whereas
in other situations, all the character states will be accorded
the same or equal importance, These differences in approach
to comparison of character states are important areas of
disagreement among some workers regarding taxonomic
methodology (to be discussed in detail later).

The second operation in classification is r;inln:.:ing of the
recognized groups (fig. 5.1). This involves two specific steps.
First, all the character states of the groups are examined, and
some are selected for use. The character states might be the
same and even include all of those used for grouping, but usu-
ally not all of them are used for ranking. Other characteristics
also might be selected for consideration that were not used
for the grouping. Second, these selected character states of
the groups are evaluated in terms of the categories available
for use in the taxonomic hierarchy. The presence or absence
of certain kinds of features usually will suggest an appropri-
ate rank in the hierarchy of classification. A discussion of the
kinds of character states of groups that often are used to indi-
cate certain ranks will be taken up later in Chapters 10 to 14.

A final point worth mentioning is that most practic-
ing taxonomists, although carrying out the operations just
described, are not usually conscious of all the ditferent steps.
If one were to ask a taxonomist how he or she ¢lassifies, the
reply might be: *I simply group things together that look sim-
ilar to me.” Although such an answer implies that characters

LSS Representation of the two primary
operations of classification. {From Stuessy

1979b:623)

H_ /.

Individual
Organisms B
(all aspects)

RANKING
o ; Character
(all character =

slates)

.

—



T BRINCIPLES OF TAXDNOMY

are not selected or character states compared. in reality the
taxonomist is unconsciously making many rapid compari-
sons between features of the organisms selected, With prod-
ding, however, even the most pragmatic of workers can give at
least some idea of the specific characters used and compared
(many of these are presented clearly in the diagnostic keys
that accompany the classification).

Artificial Classification

The artificial approach to classification is that used by most
people today for inanimate objects. With this method, only
one or at most a few characters are selected for use in mak-
ing comparisons among objects, and this selection usually
is made before the classification is h::gun (1.2, a Fr:’ﬂri],
Because so few characters are involved, the difficulties
encountered in describing, measuring, and comparing the
character states usually are minimal. Ranking is done subjec-
tively with certain character states being regarded as subor-
dinate to others. The classification systems of libraries serve
as excellent examples of the employment of this method.
Many libraries have books grouped according to a system of
specific subject headings (= character states) that reflect the
subject matter (= character) of the organized units. Specific
examples of such approaches are the Library of Congress
and the Dewey Decimal Systems. These two artificial clas-
sifications are based on different sets of subject headings, but
they both serve adequately to organize the books in some
useful way for proper information retrieval. Other librar-
ies have special artificial classifications ordered by authors'
surnames or other subject headings that were designed for
specific needs. Most libraries routinely have oversized collec-
tions kept in separate quarters simply because of problems
with shelving. Rare book rooms provide another example of
a unit segregated due to practical considerations, here based
on market value and security requirements.

The artificial system was the first to be used for the classifi-
cation of plants, and these origins in the western world begin
with the ancient Greeks (table 5.1). Theophrastus (370-285
B.c.), a pupil of Aristotle, made the first elementary groupings
of plants, based on distinctions of habit into trees, shrubs,
subshrubs, and herbs in his De Historia Plantarum (Enquiry
into Plants), translated by Hort, 1916 (see also Pavord 2005).
This was followed by the De Materia Medica of Dioscorides
{ca. 60 A.n.), which was the earliest recorded treatise on
the medicinal value of plants, These were largely artificially
arranged, but some related plants were grouped together
(Core 1955). It should also be mentioned that very early
medicinal treatises were prepared in ancient India, for ex-
ample, the Atharva Veda (ca. 2000 B.c.; see Sivarajan 1991),
but these had little impact on developments of classifica-

tion in Europe from which our modern systems have been
derived.

With the close of the Dark Ages and the development of
the Renaissance (beginning in the fourteenth century), peo-
ple began again to look firsthand at the living world instead
of relying solely on the observations of the ancient Greek
writers. During this period of learning and discovery, it was
noticed that certain plants had features in common that for
one reason or other seemed to be important. Perhaps due to
the great suffering inflicted by contagious diseases during
this peried, a stronger interest was rekindled in the medici-
nal value of herbs, and these actual or supposed properties
formed the basis for organization of the plants into groups.
Workers contributing to this interest were called herbalists
(from 1470 to 1670) and included many in Germany, Italy,
and the Netherlands, such as Otto Brunfels, Hieronymus
Bock, Leonhart Fuchs, Andrea Cesalpino, and Rembert
Dodoens. These early classifications were artificial because
they used only a few characters that related to the presump-
tive medicinal efficacy of the plants. The important role of
the new scientifically (medicinally) oriented botanical gar-
den should also be mentioned (Lack 1998).

From these early attempts by the herbalists eventually
came a uniform and stable system of botanical classifica-
tion. One of the most noteworthy of the artificial systems was
developed by the French botanist, Joseph Pitton de Tourne-
fort (1656—1708). He published a comprehensive treatise in
1700, Institutiones Rei Herbariae, which dealt with nearly 9000
species of plants in more than 600 genera. His stress on the
generic level has earned him the designation as “the founder
of the modern concept of genera® (Core 1955:34). Despite its
broad coverage, Tourneforts system was still largely artificial
with initial emphasis on genera differing in form of the flower
and fruit and second-grade genera differing in vegetative fea-
tures (Davis and Heywood 1963).

The classification (1735, 1753) of the Swedish botanist,
Carl Linnaeus (1707-1778), represents the most complete
artificial system ever developed for all plants. Linnacus was
impressed by the experimental documentation by Rudolf Ja-
kob Camerer (Camerarius 1694) of the existence of sex in
plants and the treatise on that same topic by Vaillant (1718).
In fact, in his university days at Uppsala, Sweden, Linnaeus
wrote a thesis on the sexual habits of plants, the Praeludia
Sponsalia Plantarum (1729), and it was undoubtedly this
interest that led him to develop his sexual system of classifi-
cation. Linnaeus placed overriding emphasis on the pres-
ence, configuration, and numbers of sexual parts of the flower
(ie., the stamens and carpels). All the flowering plants were
placed into 23 "classes” based on stamens, such as Monandria
{one stamen), Diandria (two stamens), and Triandria (three
stamens). These classes were then divided into “orders™ based
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on features of the carpels, such as Monogynia (one style or ses- two parts, and even a botanical novice could make the proper
silestigma), Digynia (two styles or sessile stigmas), and Trigynia dispositions. Asa result of its utility as well as of the interest gen-
(three styles or sessile stigmas) (description from Stearn 1971). erated by its sexual innuendos (e.g., Diandria was described as
This system had the great advantage of allowing all plants to  "two husbands in the same marriage.” Stearn 1971), the system
be easily placed in the classification just by looking at these  became very popular and was accepted virtually worldwide,

TABLE 5.1 Historical Development of the Major Approaches to Biological Classification, with Examples Primarily

from the Botanical Literature.
Major approaches
to biological
classification B.C. A.D. 1500 1600 100 1600 1500 2000
Artificial Theophrastus® —* Herbalists — Tournefort = Linnacus —3
(ca.300 B.C.) (1470-1670)t {1700) {1735}
NATURAL PHYLETIC
Natural and phyletic J]-H-n.uhln SRay ——> ]u.isieué:: %ichler :
(1623} (1686-1704) (1789} (1883)
Candolles  Engler & Prantl
{1824-73) (1887-1915)
Bentham & Bessey
Hooker (1915)
(1862-83)  Hutchinson
(1926, 1934, 1969)
Cronguist
(1968, 1981, 1983, 1988]
Takhtajan
(1969, 1980, 1980, 1987, 1997}
Thorne
(1968, 1976, 1943, 1992a, 2000a, b)
Dahlgren
(1975, 1980, 1983, 19893, b}
Phenetic Adansom ——* Sokal & Sneath ——
(1763) (1963, 1973)
Cladistic Hennig ——>
(1966)
APG
(1998, 2003)

Mote: For a readable and reasonably detailed account of the history of botanical classification, see Core (1955).
*Elements of the natural approach to classification are found in Theophrastus’ work, in some of the herbals, and

in Tournefort’s publications, and even Linnaeus himsell produced a sketeh of a natural system (1764), also modified
and published posthumously by his student, Giseke (1792), Nonetheless, these treatments were largely artificial in
contrast to the more obviously natural systems beginning with Bauhin and Ray.

Eyarious inclusive dates for the "Age of the Herbals" exist; those used here come from Arber (1988).
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Natural and Phyletic
Approaches

Despite the widespread dissemination and acceptance of the
Linnaean sexual system of classification, some workers never felt
entirely satisfied with it. Although the artificial approach could not
fail to allow all plants to be grouped with ease, the resulting groups

of plants often seemed very different from each other in regard to
features other than the sexual parts (fig. 6.1). Bernard de Jussieu
(1699-1777), demonstrator of plants in the Royal Botanical Garden
in Paris, arranged the plants in the Royal Garden and in Marie
Antoinette’s garden in La Trianon at Versailles. Earlier the well-
known Tournefort had been in charge of the Royal Garden, and, in
fact, Bernard’s brother, Antoine, succeeded Tournefort as director,
Linnaeus visited the Jussieus in 1738, and the meeting was pleasant,
but despite this positive personal contact and the eventual prestige of
the Linnaean system, Bernard de Jussien remained unconvinced. The
simple fact was that the sexual system of classification was inadequate
for information retrieval and predictive generalization. Bernard
attempted to arrange the living plants in the Roval Botanical Garden
based upon what he believed to be overall similarity, taking into
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I am not
a big, brown rat.
| am
a little bunny.

Hello,
big, brown rat.

You are not a bunny.
There 15 a bunny.

He is white

You are brown.

A rat is brown,

You are & rat.

(QETHEN Example of how emphasis on single characters can lead to completely erroneous artificial classifications of low predictive

value, { From DeLage 1978:6-8; drawings by E. Sloan)

consideration as many characters as possible. But he was
never completely satishied with the arrangement and never
himself published his system of classification, It fell to his
nephew, Antoine-Laurent de Jussieu (1748-1836), who came
to Paris as professor of botany in the Royal Botanical Garden,
to rework and elaborate upon his uncles system until it was
finally published in 1789 in the Genera Plantarum Secundum
Ordines Naturales Disposita. This was a most impressive sys-
tem containing 100 “orders,” which corresponded in large
measure to our present concept of families, grouped into 15
classes, and these then grouped into three divisions. The char-
acters used to delimit the orders were numerous but included
strong emphasis on ovary displacement (epigyny, hypogyny,
and perigyny), the suite of characters distinguishing mono-
cots vs. dicots (e.g., parallel vs. net leaf venation; flower parts
in threes and sixes vs. fours and fives; absence vs. presence
of vascular cambium), and fusion of anthers. In other words,
reproductive features were still stressed, as they had been in
Linnaeus’ system, but they were selected a posteriori based
upon their ability to result in multiple correlations with states
of other characters. For a discussion of the impact of Jussieu,
see Stevens (1994, 1997a) and Williams (2001).

Natural Classification

A natural system of classification, therefore, is one based
upon states of several to many characters selected a posteriori
for their value in positively correlating with states of other
characters to form a hierarchical structure of groups in ranks
containing high information content and predictive value.
The characters selected, in effect, are weighted by their selec-
tion and employment over those features not selected, and this

selection and comparison and eventual evaluation (for rank-
ing) are done intuitively by the taxonomist. That is, there is
nothing explicit about this process; it occurs rapidly in the
mind of the maker (herein lies the aesthetics of the pro-
cess), and diagnostic characters are usually derived only after
the elassification is constructed and a key for identification
purposes is attempted.

A natural classification is, therefore, polythetic (Sneath
1962; from Beckner 1959, as “polytypic”). It “places together
organisms that have the greatest number of shared features,
and no single feature is either essential to group membership
or is sufficient to make an organism a member of the group”
(Sokal and Sneath 1963:14). This contrasts with monothetic
classification, in which groups “are formed by rigid and suc-
cessive logical divisions so that the possession of a unique set
of features is both sufficient and necessary for membership
in the group thus defined” (Sokal and Sneath 1963:13). The
monothetic quality is characteristic of artificial systems of
classification, as exemplified by Linnaeus’ sexual system.

It should be noted that even before Linnacus’ time, sev-
eral workers had begun to struggle with the idea of a more
natural system such as Jussieu, and two are worth special
attention (see table 5.1). Gaspard Bauhin (1560-1624) of
Basel, Switzerland, produced a compendium of all that was
known about plants at that time in his Pirax Theatri Botanici
(1623; for a good discussion of this work, see Cain 1994). This
work was divided into 12 books with further subdivisions,
and some similar taxa were grouped together such as genera
in the easily recognizable families of Cruciferae, Compositae,
and Umbelliferae. Despite this useful beginning, much of the
Pinax was artificially arranged and had its greatest value as a
nomenclator {or register) of all names of plants published



prior to that time (encompassing the confusing array of
monomials, binomials, and polynomials then in use). The
I_'-.'I'Igli:-ih botanist John Ray (1623-1705) also Puhliﬁ.hnd
the rudiments of a natural system in three volumes of his
Historia Plantarum (1686-1704). He emphasized habit,
monocot vs, dicot distinctions, and other features, and sev-
eral of the "classes” corresponded to our easily recognizable
modern families such as Labiatae, Leguminosae, Cruciferae,
and Gramineae,

Despite the existence of these early natural systems, the
success of the artificial sexual system resulted from the force-
ful personality of Linnaeus, his prolific writings, his numer-
ous students who returned to many different countries as
his disciples, the ease of comprehending the system, and its
sexual overtones. All these factors combined to overshadow
the early natural systems of Bauhin and Ray. It wasn't until
the early 1800s that the sexual system passed from common
use throughout most of the world. In the United States, the
sexual system was still in vogue in popular textbooks into
the 1830s, when Asa Gray's books provided successful com-
petition using the natural system derived from the works of
Candolle in Switzerland (Rudolph 1982). Even though
Linnaeus made very impressive contributions to systematic
botany and is known as the "Father of Taxonomy,” or “Princeps
Botanicorum”™ (Core 1955:36), the tremendous success of the
artificial sexual system probably retarded the development of
the more progressive natural system.

After Jussieu, nearly all subsequent systems of classifi-
cation were natural until the development of evolutionary
reasoning brought about by Darwin's Origin of Species in
1859. An important reason for the continued appearance of
new, natural, classification systems was the increasing ship-
ments of new plant specimens from little-explored regions of
the world, which occasioned a constant reevaluation of plant
relationships. Two major natural systems should be men-
tioned: that of Candolle and that of Bentham and Hooker. The
Swiss botanist Augustin Pyramus de Candolle (1778-1841)
was trained at Paris and received part of his instruction from
A-L. de Jussieu. Upon completion of his education, he
accepted a position as professor of botany at Montpellier
and eventually returned to Geneva at the Conservatoire de
Botanique where he resided for the remainder of his pro-
fessional career. His new natural system of classihcation
was presented in the monumental Prodromus Systematis
Naturalis Regni 'L"'fgembi'.fr's (1824-1838), a world flora at the
specific level (the last one ever completed, but not including
the monocots), the first seven volumes of which were pub-
lished by him and the remaining ten volumes (1844-1873)
by his son, Alphonse (1806-1893). This new system ufi-
lized many characters, but it was based upon the foundation
laid h}l' Jussieu. George Bentham (1800-1884) and Jn?:E‘Fh
Dalton Hooker (1817-1911), both working at the Royal
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Botanic Garden in Kew, England, produced a monumental
work of natural classification of all the genera of gymno-
Sperms and angiosperms, Genera Plantarum, puh]ishrzd in
parts between 1862 and 1883, Their system of classification
was based on that of Candolle, who was a close friend of
Bentham. Numerous morphoelogical and anatomical charac-
ters were used, such as numbers of carpels, ovary displace-
ment, nature of perianth, embryo characteristics, and fusion
of parts. Despite appearing affer the impact of Darwins book
on evolution (1859), the project had been started about 1857
and was, therefore, natural rather than avowedly phyletic (i.e.,
no evolutionary interpretations of any kind were explicitly in-
cluded). Furthermore, Bentham at the time remained uncon-
vinced of the correctness of Darwins evolutionary views, but
he did accept them later (Bellon 2003; Stevens 2003 ).

Phyletic (Evolutionary) Classification

The question that constantly arose during the period of
development of natural systems of plant classification was why
some organisms tended to resemble those of one group more
than another. The answer given by some was that the order
reflected God'’s plan of creation, whereas others believed that
a natural process must be responsible. Lamarck and many
other biologists during the early 18005 believed strongly that
evolution, or the process of orderly organic change through
time, was perhaps responsible for the observed patterns of
diversity. These ideas, however, were not wholeheartedly
accepted by scientific colleagues of the day due to lack of an
explanation regarding the mechanisms for such a process. It
was Charles Darwin (1809-1882) who provided a plausible
solution in his book, On the Origin of Species by Means of Nat-
ural Selection (1859). From that time on, taxonomists had an
explanation other than Special Creation as to why their clas-
sified groups were homogeneous—they had descended from
a common ancestor. Biological classifications ceased to be
just storage-retrieval systems; they now also became illustra-
tions of the patterns of evolution. The classification of plants
could now be called “phyletic,” "phylogenetic,” "evolutionary,”
“eclectic” (McNeill 1979), “synthetic,” or "syncretistic” (Farris
1979b). Williams (1996) used the term gradistic, but this is
inappropriate because the phyletic approach contains a strong
cladistic element.

But although an explanation now existed whereby simi-
lar individuals were classified together, the theory of evolu-
tion by means of natural selection did not alter the process
of classification itself (Stevens 1984b). Characters were still
selected, described, and measured, and character states were
compared as in the natural system. In reality, the process of
classification and the resulting hierarchy of classes had not
ch ang:d. What was altered was :i]'mp]}' the undt:r:itanding of
the origin of similarities and differences among organisms, In
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other words, the philosophical perspective toward hierarchi-
cal classifications changed, but not the process itself.

As a result of the emergence of the theory of evolution,
therefore, taxonomists began to look at their finished clas-
sifications in a different light. Workers began to emphasize
relationships by descent of the groups in their systems, and
these relationships were often illustrated diagrammatically by
phyletic or phylogenetic “trees” (see Voss 1952, for a history
af ]Jh}fli‘:l'.i:: Lrees in hin]ﬁg}f}- The rationale for such evalua-
tions invelved subconsciously and/or subjectively assigning
ancestral or derived status to various character states that al-
lowed groups to be related in a linear fashion from generally
more ancestral to more derived. These phyletic assumptions
or “dicta” regarding lineages were explicit or implicit in all
major F]‘L!.?Il:lif systems (table 5.1).

The first clearly phyletic system of classification of plants
was produced by the German botanist, August Wilhelm
Eichler (1839-1887). In his book (1883), he dealt with the
entire plant kingdom and recognized subdivisions that are
still part of our botanical language: Cryptogamae, including
Thallophyta (algae and fungi), Bryophyta (mosses and liver-
worts), and Pteridophyta (ferns and fern allies), and Phanero-
gamae, including Gymnospermae and Angiospermae, From
an evolutionary perspective, the Thallophyta were regarded
as more primitive than the Bryophyta, these more primitive
than the Pteridophyta, and so on.

Based on the Eichler system, a new, detailed, phyletic
system of classification was produced also in Germany by
Heinrich Gustav Adolf Engler (1844-1930) and his asso-
ciate, Karl Anton Eugen Prantl {(1849-1893). Engler was
professor of botany at the University of Berlin and director
of the Berlin Botanical Garden from 1889 to 1921, Their new
phyletic system was first published by Engler in outline form
in 1886 as a guide to the Breslau botanical garden and more
fully in their 23-volume work, Die natirlichen Pflanzenfami-
lien (1887-1915), which was essentially a world flora at the
generic level (a new Genera Plantarum).! Many of the group-
ings in the classification were derived from the natural system
of Bentham and Hooker. The conspicuous difference was that
very definite ideas were advanced as to which groups of plants
were most primitive and which were more derived. Within
the flowering plants, those families with unisexual tlowers

"The impact of this publication was so great that the arrangement
of most of the world's herbaria is still based on this scheme {includ-
ing our collection in Vienna, Austria), even though more modern
phyletic systems of classification exist. None of the more modern
systems are so detailed, so well indexed, and so well numerically
coded to genus and family, all of which have aided the permanence
of the Engler system as useful for storage and retricval of speci-
mens, Updated editions have also been published regularly {e.g..
Melchior 1964).

borne in catkins (or aments), called the Amentiferae, were
judged most primitive on the basis of their presumed resem-
blance to gymnospermous ancestors. Many lines of descent
from that basic complex were elaborated. The most important
point is that this was a system in which evolutionary interpre-
tations of relationships among groups abounded.” This was,
and still is, the dominant feature of the phyletic approach to
classification.

Charles Edwin Bessey (1845-1915), a student at Harvard
for six months under Asa Gray, worked most of his career at
the University of Nebraska and produced a phyletic system
of classification (1915), the concepts of which are still basi-
cally followed today. As Cronquist aptly remarked: "We are
all, or nearly all, Besseyans™ (1968:52). bessey departed from
the ideas of ]Engl::r and instead of viewing the Amentiferae
as most primitive, he regarded the Polycarpicae or Ranales
as the most primitive group with many separate, helically
arranged, floral parts with bisexual Howers.

Many additional new phyletic systems of classification
for the angiosperms have been published since Bessey'’s time
(table 5.1). These include the systems of Hutchinson (1926,
1934, 1969); Cronquist (1968, 1981, 1983, 1988); Thorne
(1968, 1976, 1983, 1992a, 20003, b); Takhtajan (1969, 1980,
1986, 1987, 1997); Stebbins (1974); R. Dahlgren (1975, 1980,
1983); Goldberg (1986); and G. Dahlgren (1989a, b). It is not
my purpose here to review these systems in detail, but only to
stress that all of them are phyletic in the sense of emphasizing
primitive vs. derived character states and groups and drawing
lines of descent between and among taxa. (See Lawrence 1951
and Core 1955 for presentations and discussion of many of
the older systems, plus the additional works cited above for
the most recent contributions; see also tabular comparisons
of some of these systemns in Becker 1973 and Swift 1974; good
summaries are also provided in Brummitt 1992.)

It is important to stress, however, that the most recent
comprehensive classification of angiosperms is no longer
intuitively phyletic, but rather explicitly cladistic: that deriv-
ing from the Angiosperm Phylogeny Group (APG 1998 and
APG II 2003), The rise of cladistic methods of classification
(outlined in Chapter 8), combined since the 19905 with new
DMNA sequence data (especially rbel; Chase et al. 1993), has
now yielded a new classification of angiosperm families and
orders. Whereas phenetics never resulted in a new, accepted,
comprehensive classification of the angiosperms, cladistics

Turrill mentioned that "Engler did not consider his system as phy-
logenetic, in the complete sense of the word, but rather as one in
which the groups are built up in a step-like manner to form, as far as
pu-sslbl::. a generally progressional morphological series, Some of the
groups are acknowledged to be probably polyphyletic” (1942:268), It
was, nonetheless, phyletic in the context used here in contrast to the
pre-Darwinian natural systems.



now has. The closest we came with phenetics was the valiant
cffort for dicotyledons by Young and Watson (1970). The
APG classifications are important for two reasons: (1) they
represent the first comprehensive classification of the angio-
sperms (the dominant vegetation on earth) done quantita-
tively; and (2) they were done by a consortium of more than
two dozen workers, not by a lone expert (most unusual, as
stressed by Endersby 2001). The impact of these classifica-
tions has been enormous; 1]11.‘1.-' TIOW pru'l.-'idl: the basis for new
textbooks of systematic botany (Judd et al. 2002; Spichiger et
al. 2004; Simpson 2006); a new, major, general synthesis on
angiosperm phylogeny and evolution (Soltis et al. 2005); and
even identification and overview manuals (Souza and Lorenzi
2005; Spears 2006; Heywood et al. 2007). A new system of
classification of genera and families of flowering plants is now
in progress under the general editorship of K. Kubitzki (vols.
1-8 already published; Kramer and Green 1990; Kubitzki,
Rohwer, and Bittrich 1993; Kubitzki 1998a, b, 2004; Kubitzki
and Bayer 2003; Kadereit 2004; Kadereit and Jeffrey 2007).
The later volumes strongly rely on the new molecular data.
This experience makes clear that any future improvement
in broad classification of the angiosperms will no doubt be
based on molecular data (e.g., Chase, Fay, and Savolainen
2000) in the context of quantitative analyses {cladistic and/or
phenetic) and involving many persons. This is a fundamental
change in plant systematics. It does not necessarily mean that
we will see cladistics replacing phyletics in general plant clas-
sification, however, because the latter can also be done quan-
titatively with molecular data {(more on this in Chapter 9).
Because development of any intuitive classification
involves a subjective selection of characters and resulting
subjective comparison and evaluation of character states,
l:.'gitima!_t differences have arisen among laxonomists even
when examining the same set of organisms. Some workers
will stress certain kinds of characters, and some will empha-
size others. Even when admitting the same discontinuities in
the data, some might evaluate these gaps in terms of a larger
difference in ranking than would others. For example, one
might believe the observed discontinuity to indicate hierar-
chical ditference at the generic level, whereas another might
prefer to recognize the difference only at the specific level.
Among practicing taxonomists, therefore, acceptable differ-
ences of opinion regarding certain groups occur. When these
viewpoints are applied to large numbers of different organ-
isms, the resulting classifications can be very divergent in
regard to the number of units recognized at each hierarchical
level. Workers who tend to take a broader view of grouping
and ranking have been nicknamed "lumpers,” and those with
the opposite viewpoint are called "splitters” {e.g.. McKusick
1969). Splitters tend to believe that morphological variations
of a “minor” nature should be documented fnrmal!].r h}' the
description of new taxa, whereas lumpers may observe the
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same variations but believe that their formal recognition is
neither necessary nor desirable. It is important to emphasize
that both these approaches to classification are legitimate
and acceptable, within limits, even though through the
years such ditferences of opinion have been the sources for
heated {and sometimes personal) debates among the persons
involved. Excessive splitting and lumping are to be avoided.
Generally speaking, there tends to be less difference in view-
point as more different types of data and more complete data
are used,

Definitions of “Naturalness”

The dehnition of natural classification used in this book is
not shared h}? all workers, and therefore, a brief discussion
of this point is in order. This is important before we con-
sider phenetic and cladistic approaches to classification be-
cause some practitioners of each have called their efforts and
results “natural” Pre-Linnaean workers sometimes used
natural classification in the sense of determining the true
“nature” or “essence” of plants, an idea derived from Plato
and supported by belief in Special Creation (Davis and Hey-
wood 1963). Post-Linnaean (but pre-Darwinian) systems
used natural in the sense of Jussieu’s system, Le., a classifica-
tion based upon overall similarity (e.g., Lindley 1830a, b). The
usage up to this point was clear enough; the problems of inter-
pretation developed after evolutionary thinking and phyletic
approaches to classification appeared.

Darwin (1859, p. 323) made very clear his meaning of
“natural” in reference to systems of classification:

The Natural System is founded on descent with
maodification; that the characters which naturalists
consider as showing true affinity between any two or
maore species are those which have been inherited from
a common parent, and, in so far, all true classification
being genealogical; that community of descent

is the hidden bond which naturalists have been
unconsciously seeking, and not some unknown plan
of creation, or the enunciation of general propositions,
and the mere putting together and separating objects
more or less alike. But I must explain my meaning
more fully. I believe that the arrangement of the groups
within each class, in due subordination and relation

to other groups, must be strictly genealogical in order
to be natural; but that the amount of difference in the
several branches or groups, though allied in the same
degree in blood to their common progenitor, may
differ greatly, being due to the different degrees of
modification which they have undergone; and this is
expressed by the forms being ranked under ditferent
genera, families, sections, or orders (1859:420).
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It is clear, therefore, that Darwin rejected essentialism
and also the naturalist’s overall similarity (such as Jussieu’s) in
favor of an emphasis on genealogical relationship and charac-
ter divergence within lineages as the bases for natural classifi-
cation, Padian (1999) went to great lengths to argue that Dar-
win advocated only genealogy as the basis for classification,
but I remain unconvinced, preferring to follow Mayr (1982).
The issue is admittedly historically complex.

Gilmour’s use of "natural” has been quoted and discussed
by many workers (e.g., Heywood 1989), He stresses: "A natu-
ral classification is that grouping which endeavours to utilize
all the attributes of the individuals under consideration, and
is hence useful for a very wide range of purposes. . . . Phylog-
eny, therefore, instead of providing the basis for the one, ideal
natural classification, is seen to take its place among the other
subsidiary classifications constructed for the purpose of spe-
cial investigations. It may also be regarded as forming a sort of
background to a natural classification, since, although natu-
ral groups are not primarily phylogenetic, they must, in most
cases, be composed of closely related lineages™ (1940:472,
473). For his earlier, but consistent, views of 1936 and 1937,
see Gilmour (1989), Davis and Heywood agreed with this
perspective: “We do not suggest ignoring phylogenetic facts,
It is the basing of classification on inferred phylogeny, instead
of interpreting classification in phylogenetic terms, to which
we are opposed” (1963:68).

The pheneticists (e.g., Sokal and Sneath 1963; Sneath and
Sokal 1973), agreed with Gilmour's definition of naturalness
and used this as their philosophical underpinning for seek-
ing many (upwards of 100) characters to produce phenetic
classifications. Despite Gilmour's use of “all the attributes,”

cited above, he clearly did not mean the extremely large
number of characters advocated by pheneticists. From read-
ing his general paper, one sees clearly that his natural clas-
sification “in practice, is the procedure followed in what is
sometimes called ‘orthodox’ taxonomy, and it would seem
best to confine the use of the ordinary taxonomic categories
of species, genus, family, &c., to a natural classification of this
type. In so far as it is theoretically possible to envisage a clas-
sification on these lines, which does in fact embody all the
attributes of the individuals being classified, it can be said
that one final and ideal classification of living things is a goal
to be aimed at. In practice, however, this aim would never
be attained, owing both to the limitations of our knowledge
and to the differences of opinion between taxonomists”
(1940:472). Gilmour's main stress, therefore, is that all cor-
relating characters of whatever type from whichever parts of
the organism should be used to produce a natural classifica-
tion. This is natural in the same sense as with pre-Darwinian
authors and provides no new philosophical base for phenetic
practitioners.

Cladistic advocates have equated natural with their use of
the term “phylogenetic,” or in the context of this book, the
“cladistic,” relationship. Wiley spoke of “phylogenetic natu-
ralness” in which “the members of a phylogenetically natural
group share a common ancestor not ancestral to any other
group” (1981a:71). This formed a part of Darwin’s concept of
naturalness and was essentially the same as that used by Mayr
(1969¢:78). Wiley continued, however, with a definition of "a
natural taxon” as “a taxon that exists in nature independent
of man's ability to perceive it" (p. 72). This is a ditferent and
much more general usage of “natural”



The Phenetic Approach

Not all taxonomists, however, have found the phyletic approach to
classification satisfactory. Some workers, especially in the early 1960s
(e.g., Sokal and Sneath 1963; Sneath and Sokal 1973) regarded this
method as too subjective, and as evidence they pointed to different
classifications generated by different taxonomists for the same sets

of organisms. They gave striking examples of lumping vs. splitting in
intuitive phyletic classification, especially in groups that are strongly
inbreeding or with asexnal nodes of reproduction (e.g., in Crataegus
and Taraxacum). In these cases, widely divergent views have prevailed
even with examination of more or less the same collections and other
available evidence. The subjectivity of the intuitive phyletic approach
is evident in the selection of different characters to be compared,

the comparison of character states, and the ranking of the resultant
groups. Attempts have been made, therefore, to avoid (or at least
reduce) this subjectivity, particularly in the process of grouping, by:
(1) emphasizing the selection of as many characters as possible (ideally
all the characters, harking back to the “naturalness™ of Gilmour 1940);
(2) making the description and measurement of character states as
precise as possible: and (3) comparing the character states of the
individuals by rigidly defined numerical procedures.
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Definitions

These perspectives have led to the development ol the phe-
netic approach to classification, Phenetics is here defined as a
method of classification based on numerous precisely delim-
ited characters (with carefully coded states) usually of equal
weight and their comparison by an explicit method of group-
ing. The term phenetic was introduced by Cain and Harrison
o mean a rtlaliun:-:hip “h}" overall :5im1'|arj[}", based on all
available characters without any weighting” (1960:3). Sokal
and Sneath used phenetic to refer to a relationship between
taxa “evaluated purely on the basis of the resemblances exist-
ing now in the material at hand” (1963:55) and “the overall
similarity as judged by the characters of the organisms with-
out any implication as to their relationship by ancestry” (p. 3).
This was redefined to read: “similarity (resemblance) based on
a set of phenotypic characteristics of the objects or organisms
under study” (Sneath and Sckal 1973:29). Burtt questicned
whether equal weighting should be regarded as a necessary
part of phenetics and sugpested the term isocratic for charac-
ters with “equal power” (1964:15). Colless (1971) commented
that weighted characters based on “conservative” patterns of
variation in populations (Farris 1966) could indeed be used
in determining phenetic relationships, and Adams (1975a)
showed how this could be done in classifying species of Juni-
perus. Moss advocated treating phenetics as

the estimation of relationship due to similarity,

[t t[fn:cl,i_w,'l!.-' b:cnming J'Hdepeﬂcfent r:fd.:i.ta base
treatment. Such an interpretation emphasizes that
phenetic relationships are similarity relationships
obtained when comparing the phenotypes of
organisms (or objects) for correspondences of parts;
conversely, such relationships are phenetic, regardless
of whether the relative weights of characters used to
describe these parts are: 1) left unmodified as raw
data, with possible unintentional weighting of some
characters due to scale factors, 2) equalized due to a
process such as standardization by range or variance,
or 3) H'arii::uu.l'.l]p' modified as the result of Iﬂgjca“}' or
biologically valid or invalid assumptions made by the
investigator, (1972:237)

Equal weighting is explicit in the definition of phenet-
ics used here, because employment of many differentially
weighted characters would be regarded as a complex attempt
at natural or phyletic classification,

Numerical taxonomy was coined by Sokal and Sneath as
“the numerical evaluation of the atfinity or similarity between
taxonomic units and the ordering of these units into taxa on
the basis of their affinities” (1963:48). Later they offered a
slightly different definition: “the grouping by numerical meth-
ods of taxonomic units into taxa on the basis of their char-

acter states” (Sneath and Sokal 1973:4). The intent was that
methods of numerical taxonomy would be used to determine
Frh-tnctir.: Fl':l:!.l.il:ln:-ihil:lﬁ AmMong organisms, and this has been
the usual approach. In the minds of some workers, however,
numerical taxonomy means simply the use of some quantita-
tive assessment of relationships in classification, usually with
help of the computer (Duncan and Baum 1981)." This broader
context has also been labelled statistical systematics (Solbrig
1970b:178) or abvious similar appet]atinmi, such as statistical
taxonomy, mathematical taxonomy, or quantitative taxonomy.
Hence, some prefer the term numerical phenetics (Duncan
and Baum 1981) for studies employing equal weighting of
characters. Other terms in use have been taximetrics (Rogers
1963), taxometrics (Mayr 1966),° and multivariate morpho-
metrics (Blackith and Reyment 1971).

Morphometrics is now regarded as distinct from phenet-
ics, and a few comments on this point are in order. Morpho-
metrics can be defined as the determination of relationships
based on continuous characters, especially linear measure-
ments (Jensen 2003). This is not necessarily the same as phe-
netics, which can utilize qualitative as well as quantitative data
in an unweighted context. Morphometrics derived from the
methods used in phenetics, but the former focuses on under-
standing complex morphological relationships among taxa
primarily at the lower levels of the taxonomic hierarchy and is
interested in fundamental questions of the evolution of shape.
‘This has become, then, primarily a tool to understand popula-
tion-level phenomena. A definitional complication, however,
has entered the picture due to influences from cladistics (see
Chapter 8). The origin of cladistics was partly due to a reaction
against phenetics, whereby it was believed desirable to return
phylogenetic concepts back into classification. 5o strong were
the criticisms againsl Ph::nl:liv;_';i h-}l' cladists that some ph:nuli-
cists abandoned the term altogether, preferring to substitute
morphometrics. Because morphometrics has now developed
clearly into a field of its own (e.g., Rohlf and Bookstein 1990;
Bookstein 1991; Marcus et al. 1996), this term is not used as a
synonym of phenetics in this book. Things keep changing so
much, in fact, that some workers are now seeking phyloge-
netic signals in morphometric data (Wiens 2000).

'An amusing twist is found in the paper by P . H. King (1%76) on
“taxonomy of computer science,” in which organisms (people} are
classifving computers and activities associated with them rather
than the reverse,

‘Mayr (1966) preferred "taxometrics” instead of "taximetrics™ be-
cause it “is a word In a modern language and formed in analogy
to taxonomy” {p. 88) and also, tongue-in-cheek, because *The word
taximetrics has the additional disadvantage, as a mischievous friend
of mine reminded me, that the name suggests “the science of taxi
meters.” See also Heywood and McNeill (1%64a) and Pasteur (1976)
for discussions of these and related terms.
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Abies 66, 104, 278, 303

Abies firma 350

Abies homolepis 350

Acacia 31, 86, 177, 328

Acacieae 206

Acaena argentea 169

Acalypha 70

Acalypha gracilens 70

Amfrpﬁn moRococce T4

Acanthaceae 168, 194,218, 228, 232, 237,
259

Acer 125,239,302, 318

Acer mopo 302

Acer okamotoanum 302

Acer saccharum 190

Acer sect, Platanoidea 302

Acer truncatum 302

Acer trumcaburm ¥ mono 302

Aceraceae 125, 318

Achatocarpaceae 248

Achillea 263

Acleisanthes 312

Acmella 263,272

Acmella oppositifolia 264, 272

Acmella papposa 264

Aconitum 231, 248

Aconitum columbianum 306

Aconitum noveboracense 306

Acorus 190

Acsmithia davidsomii 213

Adiantaceae 307

Adl'anhr.mpad'al‘um 305

Adornis vernalis 326

Aegiceras corniculatum 187

Aegicerataceae |87

Aeomivem 190

Aesculuz 125, 303

Aesculus flava 301

Aesculus pavia 301

Aesculus splvatica 301

Taxon Index

Afrocarpus 208
Afrocarpus falcatus 208
Agaricales 71,277, 280

Agaricus bisporus 306
Agastache 104

Agavaceae 216, 259, 166, 176
Agave 266

Aglaia 252

Agropyron 168
Airoaceae 221, 247

Alismatidae 177
Allagoptera arenaria 115
Alliaceae 220, 268

Alliwm 220, 268

Allfumn subg. Rhiziridium 71
Allocasuarina 206
Alloplectus 292

Alnus 229

Alocaceae 187

Alginella 104

Alooideae 169

Alpinia 191

Alzaten 220

Alzateaceae 220
Amaranthaceae 247, 248, 251, 264, 329
Amaryllidaceae 107
Amblystegium 278
Amborella 215, 290
Amborellaceae 215, 218,290
Ambrosia 168, 232, 328
Ambrosia confertiflora 244, 245
Ambrosia psilostachya 244
Ambrosiinae 104
Amelanchier 306
Amentiferae 48, 250
Ammobium 125

Amoracia 62

Amphibolis antarctica 315
Amphithalea 169
Aﬂﬂmmpﬁspdhsbii 03
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Anacardiaceas 206, 252

Arnacycius 104

Anagalliz 170

Anagallis serpens subsp. meyeri-johannis
344

Anaxagorea 19]

Arnichusa 169

Andromedeas 169

Androsace 218

Aremia 104

Anemone nemorosa 316

Anemone pulsatilla 316

Arnemone rarmunculoides 218

Anigozanthes flavidus 207

Anigozanthes fuliginasus 207

Anisochaeta 234

Annonaceac 227,228, 233, 291

Arntennaria 263, 305

Anthemideac 233, 235, 237

Anthemis 220

Anthemis austriaca 235

Anthocerideae 282

Anthriscus 113

Anthurium 314

Antirrhineae 206

Antirrhinum 190

Aphandra 312

Apiaceae 113, 240, 250, 277, 302

Apiales 192

Apocynaceae 104, 220, 247

Arabidopsis 7, 190, 195

Arabidopsis thaliana 261, 263, 297, 299,
303, 30

Arabis 220

Arabis hirsuta 221

Arabis planisiligua 221

Arabis serrata Tl

Araceac 206, 213, 231, 248, 260, 312, 314

Arachis hypogaea 268, 275

Araliaceae 187, 209, 235, 246, 272

Archaeopteris 171

Arclerica nana 304

Arctophila fulva 303

Ardizia cauliflora 205

Areceae 279

Arecoideas 214,215

Arenaria patuia 325

Argyranthemien 168

Argyranthemum frulescens 235

Aristea 237

Aristolochiaceae 125

Armeria maritima var. sibirica 233, 234

Armeria villosa subsp. carratracensis 298

Arrabidaca 314

Arrabidaca candicans 314

Arrabidaea chica 314

Arrabidaea corallina 314

Arrabidaca florida 314

Arrabidaca mollisstma 314

Arrabidaea patellifera 314

Arvhenatherum elatius 204

Artemisic 3218

Artemisia vilgaris 235

Arundinoideae 168

Asclepiadaceae 58

Ascomycota 104, 174, 277, 289

Asparagales 194, 220, 283

Asphodelaceae 169, 266

Asphodelus 266

Asplenium plemum 98

Aster 170,175

Asteraceae 16, 72, 104, 108, 112, 125, 145,
146, 164, 168, 169, 192, 213, 220, 234,
235, 236, 237,243, 244, 246, 248, 251,
259,161, 263, 264, 265, 166, 268, 272,
276, AT8, 279, 292, 297, X908, 299, 30,
303, 30a, 307, 310, 313, 329, 342

Asterales 191

Astereae 167, 265

Asteridas 281, 285

Asteropeiaceae 248

Astracantha 344

Astragaloides 344

Astragalus 276, 344

Astragalus australis var, elympicus 320

Athanasia dimorpha 235

Athyrivm 104

Athyrium distentifolium 160

Atriplex canescens 270

Atropa acuminata 246

Atropa belladonna 246

Audouinta capitata 312

Austrobaileyaceae 235, 236

Austrobaileyvales 218

Avena 112

Averrhoa carambola 213

Azolla 259

Azollaceae 259

Baccharis 170

Bahia 36

Balsaminaceae 194, 259, 269, 318
Bangiophycidae 277
Banisteriopsis latifolia 316
Bapftisia 240

Barbeyaceae 189

Barnadesia 274

Barnadesiinae 274

Basellaceag 221, 247
Basidiomycetes 71
Basidiomycota 104, 174, 246, 277
Begonia dregei 6%

Begoniaceae 69

Benincaseae 3035

Benthamia alyxifolia 187
Berberidaccae 104, 143, 192
Bersanag abyssinfca 187

Betula 229, 328

Betula pendula 306

Betulaceae 105, 291, 306, 315
Bidens 168

Bignoniaceae 192, 208, 238, 314

Billia 125

Biophytum dendroides 213

Biscutella laevigata 271

Bixa orellara 205

Blennasperma 234

Boisduvalia densifiora 269

Boisdiowilia macranbha 269

Boizsdievalia sect, Boisduvalia 269

Boisduvalin stricta 269

Boisduvalia subulata 269

Boletales 149

Booltia cordata 168

Boraginaccae 108, 168, 169, 192, 232, 233,
281, 306

Boragineae 2133

Bouteloua 238

Boykinia 270

Brachycome 158

Brachypodium 306

Bradtyscome 272,192

Broctiyscome dichromosomatica 358

Brachyzcome lincariloba 158

Brassicaceac 71, 72, 190, 192, 244, 265, 268,
271, 306, 346

Brassiceae 265

Bretschneidera 206

Bromeliaceae 58, 189, 192, 201, 260, 318,
3249

Brunellia standleyana 213

Bruniaceae 312

Bryaceae 97

Bryophyta 16,48, 174

Bultrostyliz 66

Bulnesia 62,63, 87

Bitlnesia arborea 67

Builnesia bonariensis 67

Bulriesia carvapo 67

Biilnesia chilensis 67

Bulnesia foliosa 67

Brilnesia retama 67

Bulnesia sarmientol 67

Bulnesia schickendantzii 67

Burmanniaceas 283

Brrsera 158

Burseraceae 158

Butia 215

Butomaceae 236

Butors 227, 236

Byrsenima coccolobifolic 316

Byrsonima intermedia 316

Byrsonima ramiflora 316

Byrsenima vaceinifolia 316

Byrsonima verbascifolia 316

Cachrys 166

Cactaceae 72, 176,192, 247, 259
Cactoideae 28I
Caesalpinioideae 236,279
Cakile 2448

Caleeolaria viscosissima 195
Calceolariaceae 192, 194, 195



Calendula 191
Callitrichaceae 235
Callitriche 235
Callixylon 170
Calophyllum 1490
Calopogon 146
Calyceraceae 274
Calymperaceas 134
Campanula sect. Heterophylla 238
Campanulaceae 238, 246, 274, 350
Canna 230
Cannabaceae 7]
Cannalis 71,245
Cannabis sativa 145
Cannaceas 230
Capparaceae 202, 236, 248
Capparales 202, 203, 248
Capparidaceae 311
Capparis spinosa 311
Caprifoliaceas 104, 167, 169, 204
Capsicum 268
Cardamine amara 72, 346
Cardamine pratensis 72
Cardueae 169
Carduws nutarns 324, 325
Cetrex 267
Carex willdenowii 326
Carthamus 146
Carpa 238
Caryophyllaceae 71, 163, 167, 175, 235,
247, 248, 281, 301, 316, 318, 325
Carvophyllales 174, 176, 194, 203, 208, 235,
247, 248, 313
Caryophyllidae 203
Caryophyllineae 247
Cassta 170
Castillefa 232
Castillejinae 232, 270
Casparinaceas 2048, 234
Cattleya 305
Canlanthus 248
Caulokaempferia 316
Ceaverndishia 92
Ceanolfhus 328
Celastraceae 221
Celosia 264
Cenfaureinne 234, 26l
Centaurinm 260, 272
Centrolepidaceae 221
Cephalotus follicularis 213
Ceraminm 306
Cerastinm 231
Cerasiinm arclicum 301
Ceratophyllaceae 31
Ceratophyllum 31
Cercidiphyllaceae 221
Chaeraciis 272, 331
Chaenactis douglasii 258
Chaenactis fremontii 331
Chaenactis glabriuscula 331
Chaenactis stevinides 331

Cheilanthoideas 272

Chenopodiaceae 63, 160, 204, 229, 247,
248, 251, 270, 300, 306, 329

Chenopodiineae 247, 328

Chenapodivm 160, 300

Chengpodinm atrovirens 65

Chenopodivm dessicabum 65

Chenepodium pratericola 65

Chionopappus 234

Chloranthaceae 187, 189

Chloridoideae 264

Chlorophyta 174

Chrysactinium wurdackii 342

Chrysanthemum cinerariaefolium 215

Chrysanthemum lewcanthermum 235

Chrysobalanaceae 71, 169

Chrysothamnus 217, 221

Chysosplenium 28]

Chytridiomycota 174

Circaea 104

Circaea lwlellana 206

Cistaceae 94

Cistarche 269

Citris 115

Cladothamneae 167

Clarkia 238, 272, 280

Clarkia qustralis 199

Claytonia 262

Clayfonia virginica 158, 260, 261, 262

Clematis 104, 216, 220

Clemmatis stans 311

Cleomaceae 248

Clermontia 311

Clerodendrum 71

Cnestis ferrupinea 213

Cochlospermum reginm 205

Coelidium 169

Coelorftachis 71

Cofnewt 248

Colchicaceae 142

Colchienm 229

Collinsonia 71

Collomia 89

Collpnria cavarillesii 89

Collomia grandiflora 89

Collomia linearis 89

Collomia remacin 89

Collomia tenella 89

Collomia dincloria 89

Collomeia wilkenii 89

Colocasioideae 248

Colpodivm versicolor 158

Commelinaceae . 104, 259, 272

Commelinales 200, 264

Compositae 29, 46, 58, 63, 66, 71, 76, 87,
BE. 91, 104, 105, 119, 120, 121, 142, 145,
LS50 158, 160, 161, 163, 166, 167, 14648,
&9, 170, 174, 175, 176, 191, 206, 213,
214, 207, 220, 221,224, 225,232, 233,
234, 236, 238, 240, 242, 244, 245, 248,
249, 251, 252, 256, 258, 259, 262, 163,

TAXOM INDEX

264, 265, 270,272, 274,277, 278, 297,
298, 305, 317,319, 323, 324, 325, 326,
329, 330, 331, 346, 348

Condalia montana 248

Connarus conchocarpus 213

Convolvulaceae 104, 279

Conyza 170

Carallorhiza maculata 146

Cordylanthus 192, 232

Coreppsiz 160, 300, 307

Coreopsis gigantea 307

Cornaceae 220, 221,277

Cornus 220,221, 277

Cornus canadensis 315

Corycium orobanchoides 311

Coryphantha robustisping 72

Costaceae 93,191, 315

Costus subg, Costus 315

Cotula anthemaoides 235

Cousinia 259

Crassulaceae 190, 208, 247, 258, 264, 267,
277,304, 325

Crataegus 31, 175, 263

Crepis 256, 168, 272

Crepis bectorum 72, 297

Crocidinm 234

Crossandra stenostachya 228

Crossomataceas 280

Crotalaria 260

Cruciferae 33,48, 47, 62, 1o0, 190, 202,
220,221, 248,278, 297

Cryplanthus 261

Crypteraniaceae 220

Cryplocoryne 260

Cryptomeria japonica 304

Ctenardisia stenobotfrys 205

Cucurbita 306

Cucurbila argyrosperma 164

Cucurbita ArgYrospera suhsp. saroria 160

Cucurbita pepo 160

Cucurbila pepo subsp. fralerna 160

Cucurbita pepo subsp. ovifera var. ovifera
Iab

Cucurbita pepo subsp, ovifera var, ozarkana
FLalH

Cucurbita pepo subsp. ovifera var. texana
160

Cucurbita pepo subsp. pepo 160

Cucurbitaceae 160, L87, 196, 305, 306

Cuononiaceae 109

Cuphea 232

Cupressaceae 59, 158, 244, 281, 306, 348

Cupressus 348

Cyanophyta 174

Cymbopetalum odoratissimum 128

Cymodoceaceae 315

Cynanchum 104

Cyperaceae 66, 167, 168, 193, 200, 204,
231, 2641, 267, 326, 3248

Cypripedivm caleeslus 160

Cyrtominm 258
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Cyrtomiurm chinglanum 158
Cyrtomium devexiscapulae 258
Cyriontium falcatum 258
Cyriomiumt grossum 258
Cyrfomiurm shingianum 258
Cyrfostylis 72

Cystopleris 104

Cytisus 60

Cytisus purgans 284

Dactyiis glomerata 268
Dactylovhiza 307

Dahlia 214

Dalechampia 104, 313, 315
Dalechampia sect. Brevicolumnae 104
Dalechampia sect, Rhopalostylis 104
Danthonia sericea 258

Davcus careta 71

Delphinium 248, 324

Delphiniune alabarmicum 324
Delphinium treleasei 324
Dennstaedtinceae 158, 164
Desmodium humifuswm 307
Diapensiaceae 262

Dhcentra 237,311

Didiereaceae 247

Didymodon 278

Diegodendron humbertii 205
Digitaria adscendens 270

Dvigitaria samguinalis 270
Dilleniidae 70,177

Dioon 104

Dvoscorea 232

Dipscorea bemoarivensis 232
Moscorea bulbifera 232
Dvioscorea hamilionii 232
DMoscorea karatana 232
Dioscorea membranacea
Dvoscorea nipponica 132
Dioscorea pyrenaica 232
Dioscoreaceae 232
Dioscoreales 200
Dipsacaceae |04
Dipterocarpaceae 306
Dipteronia 125

Disperis xduckittioe 311
Disperis bolusiana subsp. bolusiana 311
DMsperis capensis var. cuperufs il

232

Dyisperis circumflexa subsp. circumflexa 311
Disperis cucullata 311

Disperis villosa 311

Dithyrea 33, 160

Dvithyrea griffithsii 297

Dithyrea wislizenti 297

Diurideac 190

Doronicum 191

Douglasia 218, 220

Diraba 306

Diraba lactea 268

Drogsophila 7,32, 75, 145
Dryopteridaceae 160, 258, 277, 307

Drrypeles 248
Puibautia 329
Dupaontia fisheri 303
Dywpsis decaryi 215
Dyssodia 161

Ebenaceae 237

Elacagnaceae 306

Eleacharis 260

Eleusine 300

Elyrmus 168

Elymes repens 290

Elyrmuis strigtulus 266

Embetia kilimandscharica 205

Endodontaceas 104

Ephedra 218, 247

Epilobieae 227

Equisetum 104

Eriastrum densifolium 158, 160

Erlcaceas 92, 104, 167, 169, 190, 201, 227,
304, 30, 327

Ericales 71,292

Ericameria 278

Erigeron  16l, 170, 300

Erigeron annuus 307

Erigeron compositus 300

Erigeron vagus 300

Eriocaulon 227

Eriochloa 206

Eriogonum 170

Eriaphorum 193

Eriophorum comosum 193

Ertaphorum crinigerum 193

Eriﬂpkﬁmm_,l’ﬂprmr'|:um 193

Eriaphorum latifolium 193

Eriophorum microstachyum 193

Erfaphyllum lanatum 298

Eritrichium nanum 306

Eryngium maritimum 302

Erythrina 232, 237, 315

Erythronium 66, 282

Erythronium elegans 66

Erythronium monlanum 66

Erythronium guinaultense &6

Erythronium revolutum 66

Escobaria sneedii 72

Evwcalyplus 71, 202, 240

Eugenia 187, 208

Ewmorphia sericea 235

Eupatorieae 170

Eupaltoriume 170, 300

Euphorbia 170,251

Euphorbia paralias 316

Euphorbiaceae 70,92, 104, 167, 169,
202, 248, 251, 306, 313, 314, 315,
ale, 329

Fuphorbieae 167

Euterpe precatoria var, longivagirata 204

Excentrodendron 214

Fabaceae 168, 169, 192, 197, 247, 268, 276,
301, 307, 310, 320

Fabales 203

Fagaceae 66, 144, 160, 209, 278, 328
Fagopyrum 231, 281
Fagus crenata 160

Feddea 234

Festuca 298

Festucoideae 329

Ficus 281, 312

Flaveria 251, 329
Frankeniaccae 221
Franseria 168

Fraxinus americana 19
Fraxinus pennsylvanica 328
Fritillaria 218

Fulgensia 277
Fumariaceae 237,311
Famarioideas 192

Cragea 218

Galax 262

Crarrya 192

Garryaceae 192

Crura 298

Greissanthus quindiensis 205

Ceissois biagiana 213

Genlisca margarefae 268

Gentianaceae 191, 220, 232, 359, 260, 272,
3G

Gentianella germanica 306

Geraniaceas 283, 316

Creranium pratense 316

Creramium pyrendicum 316

Gesneriaceae 108, 177, 192,292

Citia 112, 145, 305

Ginkgo 133, 143

Ginkgo biloba 133, 143

Glogsostigrma elelstanthum 331

CGlycine 277,299

Graphalium norvegicum 326

Graphalium supinum 316

Gnetales 120

Gnetophyta 218

Crrelum 218

Goodenjaceae 274

Gossypium 90, 217, 300, 307

Gossypiuem hirsutum 175

Gramineae 47,03, 71, 48, 142, 166, 167,
168, 176, 193, 194, 200, 202, 217, 218,
221, 227,236,238, 250, 258, 266, 270,
274, 281, 305, 328, 329

Crrammiadenia parasifica 203

CGrimmiaceae 104

Crimdelia 191, 220

Cruetierrezia 76

Guttiferac 190, 201

Gryminocarpivm dryopteris 307

Haemodoraceae 207
Haemodorum spicatum 207
Halimium alyssoides 205
Haloragaceae 232



Hamamelidaceae 204,221,278, 320

Hamamelidales 221

Hamamelis virginiana 320

Hamosa 344

Handelioderndron 125

Haplopappus 298,317

Haplopappus gracilis 257

Haplopappus phyllocephalus 297

Haplopappus sect. Blepharodon 297

Haplopappus sect, Isocoma 297

Harpullia 104

Hedeama 244

Hedwigiaceae 104

Hedychium 191

Helenicae 234

Heliantheae 221,279

Helianthus 112, 160, 168, 217, 236, 272,
276,299, 303

Helianthus annuus 276

Helianithus exilis 145

Helianthus grosseserratus 197

Helicowis 230

Heliconiaceae 230

Helictotrichon 326

Helleborus 248, 268

Helleborus foeticdus 311, 316

Helobiae 200

Helobiales 218

Hemeracallidaceae 216

Hemerocallideas 216

Hemionilis pinnatifida 307

Hemiphylacus 220

Hepatica 258

Hepaticae 104

Herrania 279

Heteropodarke 134

Hewchera 270

Heuchera grossulariifolia 272

Hevea brasiliensis 283

Hieracivenr 150,218

Hippocastanaceae 104, 125

Hippomaneae %92

Hippophae 306

Hippuris 229

Hominidae 133

Homo 133

Hormo sapiens 133

Haordewm: 112

Howea 324

Hyacinthaceae 119, 168, 220, 258

Hydrangeaceae 194

Hydrocharitaceae 167, 168, 315

Hydrophyllaceae 259

Hymenaea 252

Hymenophyllaceae 281

Hyoseridinae 233

Hypenia 170

Hyphomycetes 163

“J-"Fﬂdim:'ris 259, 265, 266, 270, 278, 306

Hypochaeris caespitosa 265

Hypochaeris petiolaris 263

Hypachaeris radicata 214
Hypochaeris salzmanniana 146
Hypachaeris sessiliflora 265
Hyptidendron 170

Hypris 170

Icacinaceas 202
Idiospermaceas 251
Iilictum 218

Impatiens 159, 2169, 318
Inscybe 280

Inuleae 234, 236
[pomoea 279

Iridaceae 104, 167, 169, 200, 202, 213, 237,

o7
Iris 307
[ris ser. Califormicae 104
Isoetaceae 72
Isoetes 281, 305
Trodtes velata 72
Iva 2176
Ixodia 166

Jacea 233

Japonalirion 307

Tasminum 208

lohnsonieae 283

fovellana violacea 195
Juglandaceae 238,275
fuglans 275

Juncales 200

Juniperus 32, 59, 158, 244, 306

Kalanchoe 258
ﬁ_’m’npﬁnax :..-:Ir:ltem!nhu.-: &7
Koelrenteria 206

Krameriacexe 270,312

Labiatae 47, 104, 170, 174, 229, 237, 240,

243,253, 33]
Lactoridaceae 125,177, 221
Lactoris 125
Lactuca 249, 276
Lactca sativa 276
Lactuceae 233, 249
Lagascea BT, 119, 120, 121, 221
Lagascea sect. Nocca 105
Lamiaceae 71, 104, 192, 244, 246, 297
Lamiales 83
Lantana 260
Larix 278, 306, 32K
Larix sibirica 249
Lasthenia 191, 278
Lasthenia californica 243
Lauraccae 244, 281, 292
Laurales 235, 260
Lechea patula 205
Lecythidaceae 270

Leguminosae 47, 57, 58, 60, 65, 71, 86, 167,

192, 194, 201, 202, 232, 236, 237, 240,
249, 230, 2532, 2640, 264, 270, 275, 276,

- al i
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277,279,281, 284, 292,299, 315, 319,
328, 357, 344
Lefphaimos 232
Lejeuneaceae 104, 278
Lemnaceae 239,281
Lenophyllum 264
Lentibulariaceae 218, 268
Leontodon 248
Lepomis 17
Leptarrhena 167, 270
Lewcas 104
Leuwcophanella 134
Liabeae 234
Ligustrum 278
Liliaceae &6, 71,216,217, 218,220, 267,
281, 282
Liliales 264
Liranium wrightll 157
Linaccae 238, 248
Linaria anlicaria subsp. anticaria 194
Linaria anticaria subsp. cuarfanensis 194
Linaria lilacina 194
Linaria verticillata 194
Linconia cuspidata 312
Linpn 238, 248
Liriodendron tulipifera 306
Loasaceae 192, 245,315
Lobeliaceae 315
Lobelinideae 189, 277, 311
Loganiaceae |77
Lomatioon 277
Lonchostorma myrtoides 312
Lopezia suffrictescens 206
Loranthaceas 214
Lotus 260, 264
Lowiaceae 285, 313
Luepires 250
Lupinus subcarnosis 270
Lupinus lexensis 270
Lycaopersicon 236
Lycopsida 281
Lycopus ewropacus 331
Lysirrachia vulgaris 316
Lythraceae 220,232,259

Macaranga 214

Machacranthera 276

Macromeria 108

Madiinae 206, 256

Magrolia 292

Magnolia latahensis 292

Magriolia tripetala 327

Magnoliaceae 142,202, 208, 221, 292, 306,
327

Magnoliales 177,221, 235, 285

Magnoliidae 250

Magnoliophyta 174

Maloideae 113, 168, 305

Malpighiaceae 316

Mualwa 231
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Malvaceae 90, 214, 217, 260, 275, 276, 278,
300, 307

Malvales 192, 205, 281

Malveae 278

Mammalia 133

Marnikot 306

Mmtisia 191

Marantaceae 281

Muargyracaena skofsbergii 169

Margyricarpus digynus 169

Muargquesia 203

Muaxillaria 311

Medicagn 57,71

Medicago lupuling 197

Medicago subg. Spirocarpos &5

Megacoden 220

Melampodium 58, 63, 170, 258, 262, 264,
270, 330

Melampodium leucanthum 263

Melampyrum 218

Melanthiaceae 246

Melastomalaceae 174, 176, 196, 250

Meliaceae 252

Melianthaceae 187

Menodorae 208

Merntzelia 192

Menyarnthes 231

Mespilus 303

Metroxylon sagu 204

Microseris 169, 297

Microthlaspi perfoliatum 272

Mimosa 202, 227

Mimosoideae 224

Mimulus 298, 302

Mimilus cupriphilus 197

Mimulus glabratus var. jamesii 302

Mimiulus guttatus 297, 302

Mimulus michiganensis 302

Mimulus sect, Erpthranthe 306

Mirabilis 312

Mitrasterema yamamaofol 187

Mitrastemymataceae 187

Mniaceae 104

Muiotharmnea callunoides 312

Mocuna inferrupta 319

Molluginaceae 247, 248

Muongrda 104

Monilinia 277

Monocosius 191

Monotes Kerstingii 205

Monotropoideae 107

Montamoa 104

Montarnoa gualemalensis 158

Moringa 209

Moringaccae 209, 248, 349

Masla 253

Mutisicac 234, 274

Myreeugenia 104

Myrceugenia fernandeziana 72

Myriophyllum 232

Myristicaceae 235

Myrsinaceae 205

Myrtaceae 71,72, 104, 187, 208, 244, 277,
293

Myrtales 201,220,221, 236, 292

Myxomycota 174

Natlorium 125

MNasa 315

Nigsonia 2od
Massauviinae 71

Nebelia laevis 312
Neillieae 279
Nepenthaceae 248
Neptunia 264

Nerium indicum 220
Newrospora 49

Nicoliana 256, 264, 268, 208
Nicotiana “rastroensis” 314
Nicofiama alata 314
Nicofiana bovarfensizs 314
Nicotiana forgetiana 314
Nicotiana langsdorffii 314
Nicotiana lengiflora 314
Nicotiana mutabilis 314
Nicotiana plurmbaginifolia 314
MNicoliana sect, Alafae 314
Nitella 242
Nothofagaceac 72
Nathofagus 72

Naotoptera 170

Notropis 17

Nuphar 218
Nyctaginaceae 232,247, 312
Nyctanthes 220
Nymiphaea 231
Nymphaea odorata 302
Nymphaeaceae 302
Nymphaeales 218,290, 291
Nymphoides 227,231

Ocimum 243

Odosicyos 187

Oenothera 150, 256

Oleaceae 208, 220, 278, 299

Onagraceac 104, 150, 206, 218, 227, 2306,
238, 256, 269,272, 277, 280, 298, 299

Oncidiinae 300

Oncestermum leprosum 205

Onopordon taurfcum 214

Oomycota 174

Ophiocephalus 232

Ophioglossum reticulatum 258

Ophrys 252,312

Orchidaceae 72, 104, 142, 146, 160, 167,
176, 189, 192, 194, 213, 224, 227, 276,
278, 281, 283, 293, 300, 303, 305, 307,
310,310, 312,329

Orchidantha 285,315

Chrchis sirmia 72

Crrigarum 297

Ornithogalum tenuifolium 258

Orobanchaceae 218, 234, 269
Chobanche 234
Orthocarpus 192, 232
Orrthotrichales 281
Orrthotrichum 104

Oryza 189, 277

Ohryza meyeriana 198
Chryza Fer.euur'.-: Hhi
Oryzopsis 194

CMopappus 170, 323
CHopappus acurminatus 323
Dopappus australis 346
CMopappus epalenceus 323
opappus imbricams 323
Otapappus koelzii 323
Otopappus microcephalus 323
Cropappus robusius 323
Otopappius tequilanus 323
el alismoides 168
Oxalidaceae 259
Oxalidales 213

Oxaliz 259

Chxalis ortglesii 213
Oxylobium 168
Oxytropis 344

Paeonia 279, 289
Paconiaceae 279, 284
Palmae 192, 200,201, 215, 276, 279, 245, 312
Panax 235

Pandanaceae 235
Pandanales 104
Paniceae 192, 281
Panicoideaes 251, 329
Panicum 181

Papaver radicatum 72
Papaver rhoeas 316
Papaveraceae 72, 192,316
Papilionoideae 281
Parmeliaceae 283
Parnassia 229
Parthenice mollis 238
Paspaium sect, Pectinata 104
Passiflora 214, 259
Passifloraceae 237,259
Pedicularis 227,235
Pelargonium 283
Peltigerales 277
Peltigerineae 283
Penaeaceae 292
Penstemon digitalis 311
Pentzia tanacetifolia 235
Peonia 284

Perezia 19]

Persea pseudocarolinensis 292
Petrocoptis 234
Petrosaviaceae 307
Phaca 344

Fhacophyta 174
Phaseoleae 281

Phlox stolonifera 327



Phormium 216

Phryma 235,291

Fhrymaceae 291, 331

Phyllanthaceae 279, 281

Fhysenaceae 248

Physostegia 104

Phytelephas 312

Phytolaccaceae 247, 258

Picea 244, 298, 323

Picea brewerigna 198

Picea chihuahuana 244, 298

Picea engelmannii 244, 298

Picea glouca 298

Pieea mariansa 298

Ficeq martinezii 244

Pieed mexicana 244, 298

Ficea omorika 298

Picea orientalis 249

Picea pungens 244, 298

Picea riberis 298

Picea sitchensis 244, 298

Picradeniopsis 105, 262, 272, 348

Picradeniopsis oppositifolia 270

Picradeniopsis woodhousel 270

Pieris 104

Pinaceas 66, 104, 100, 185, 244, 273, 278,
280, 298, 303, 306, 325

Pinguicula 218

Pinus 188, 227, 240, 275, 277, 2840, 300,
05, 325, 328

Pints aristata 188

Pinus cembra 249

Pinus edulis 188

FPrnus elliotiii 188

Pinus jeffreyi 188

Finus lamberfiana 158

Pirius longaeva 306

Pinus virginiana 160, 188

Piperaceae 221

Fiperales 125, 194, 221

Piteatenia corcovadensis 67

Pitcairnia flammea 67

Plagiopteron 221

Plantaginaceae 104, 194, 245, 252

Plantago 229,231, 245

Plantago subg. Psyllium 245

Platanaceas 291

Platarnus 291

Platycerium 104

Pleione 293

Plewrozia 104

Plumbaginaceae 157,217, 233, 234, 298

Plumbaginaceae 214

Plumbago zevlanica 214,217

Poa 281

Poaceae 104, 108, 112, 168, 187, 189, 192,
206, 213, 215, 250, 264, 266, 268, 274,
2176, 281, 290, 298, 300, 326

Poales 213

Podocarpaceae 104, 208, 277

Podocarpus 214

Podophyllum peltatum 143

Podostemaceae 221

Polemoniaceae 89, 112, 145, 158, 160, 168,
234,277, 283, 305, 310, 327

Polemoniales 214

Palemenium 231

Polycarpicae 48

Palygala 269

Polygalaceae 104, 194, 206, 269

Polygonaceae 170, 234, 248, 260, 281, 345

Polygonella fimbriata 345

Polyponella robusta 345

Polygonum 215,233, 234

Polygorum amphibivm 229, 234

Polygonum cilinode 234

Polygorum convolvulus 234

Polygonum forrestii 234

Polyponum glaciale 234

Polygonum orientale 234

Polyponim raii 229

Polypodium 104

Polystichum 277

Polytrichum 30]

Polytrichum commune 301, 305

Polytrichum formasum 301

Polytrichum juniperinum 301

Palytrichuwm perigoniale 301

Polytrichum piliferum 301

Polytrichum strictum 301

Pontechium 168

Pontederiaceas 100, 276

Populus 57,231, 318

Populus mexicana 158

Partulaca oleracea 212

Portulacaceae 71, 212, 247, 258, 260, 261

Posidonia oceanica 306

Posidoniaceae 306

Potarogeion 113, 227, 306

Potamogelon crispus 349

Potamaogetonaceae 113, 306, 349

Patentilla 313

Potentilla erecta 313

Potentilla reptans 313

Patentilla verna 313

Pottiaceae 169, 278

Prangos 166

Primata 133

Primula 218, 311

Primula farinosa 311

Primulaceae 170, 194, 218, 220, 311, 314,
344
Proteaceae 104, 224

Prummnopitys 208
Prumnopitys anding 208
Prumnopitys ferruginea 208
Prumnaopitys taxifelia 208
Prunps 279

Peendobaeckia cordata 312
Pseudotsuga 278
Psendotsuga menziesii 327
Pseveduvaria 223

=
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Peencluvaria costata 233
Pseuduvaria grandifolia 233
Pseuduvaria hylandii 233
Pseuduvaria mollis 233
Peenduvaria reticulata 233
Psenduvaria sessilifolia 233
Psophocarpus 71

Pteridaceae 272, 28]
Pteridium aguilinum 158, 160
Pteridophyta 48

Pterygodium alatum 311
Pterygodium caffrum 311
Pterygodium catholicsom 311
Pterygodium cruciferum 311
Prerygodium hallii 311
Pterygodium inversum 311
Plerygodium platypetalum 311
Perygodium volueris 311
Pulteraea 168

Qualea 201,202

Qualea cordata 201, 202
Qualea dichotoma 201, 202
Qualea grandiffora 201, 202
Quialea paraensis 201, 202
Qualea parviflora 201, 202
Quercws GG, 144, 209, 278, 324
Quiercus canariensis 303
Quercus faginea 303
Cuercus pefraca 303
Quercus pyrenaica 303
Cuercus robur 190, 303

Ranales 48, 194

Ranunculaceae 95,104, 115, 189, 216, 218,
230, 2249, 248, 252, 258, 268, 276, 304,
311, 36, 324, 326

Ranunculus 263

Ranurciuls acris 316

Ranunculus glacialis 326

Ranuncuius hispidus 95,115

Ranunculus reptans 306

Rediviva peringueyl 311

Relhania 91

Eesedaceae 248

Restionales 213

Ehamnacene 168, 248, 328

Rhamnus 168

Rhaphithamnus venustus 317

Rhizophoraceae 202

Rhododendron 168, 201

Rhododendron ferruginewrm 306

Rhododendron maximum 327

Rhodophyta 174,277

Rhynchocalycaceae 220

Rbynichocalyx 220

Rhytachne 71

Riccia dictyospora 303

Robinsonia 278

Rosa secl. Caminae 712
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Rosacese
247, 263, 279, 3, 313, 316, 347

Rosidae 70, 177

Rubjaceae 80, 229,231

Kubus 138, 347

Kubus ambrosius 347

Rutres apricus 347

Rubrus bifrons 347

Eubus caesius 347

Rebeues camprostachys 347

Kubus consirictus 347

Rubus crispomarginatus 347

Rutrus fabrismontarmes 347

Rubrus fasciculatus 347

Rutbuis flos-amygdalar 347

Rastues fruticosus 316

Rutbrus glivicensis 347

Rubris grabowskil 347

Kubus idaeus 316

Rudbeckia 191

Kuellia 168

Ruwizterania 201, 202

Ruizferania albiflora 201, 202

Rimex 219, 26{

Rutaceae 115, 176, 240, 243, 244

Saccharomyces 185, 189

Salicaccae 57, 58, 138, 281, 315, 318

Salicornieae 306

Salix 58,231,281, 307, 315

Salzsoleae 251, 329

Salvadoraceae 221

Salwia 137

Salvia pubescens 246

Salvia regla 246

Salvia sect. Erythrostachys 244, 246

Salvia sessel 246

Sanange racermosum 177

Sanguisorba 229

Santalaccaec 246

Sapindaceae 104, 124, 125, 200, 206, 302,
303,318

Sapindales 125

Sarracenia 307

Sarracenia purpurea 160

Sarraceniaceae 160, 307

Saturein 244

Saurpreatum 312

Saururaceac 204, 206

Saxifraga 108

Saxifraga cernua 306

Saxifraga oppositifolia 231

Saxifrapaceae 108, 160, 167, 168, 169, 192,

226, 227,262,270, 281, 306
Saxifragales 285
Saxifrageae 270
Schenuchzeria 227
Scheuchzeriaceae 194
Schisandra 188
Schisandra chinensis 188
Schisandra grandiflora 188

113, 138, 167, 168, 162, 174, 194,

Schisandra henrpl 188
Schisandraceae 15&3
Schizomieria whital 213
Scilla 220

Scille amoena 267

Scilla bisofunensis 267
Scilla hohenackeri 267
Scilla ingridae 267

Scille melainag 267

Ecilla mrischtschenkoana 267
Scille siberica 218, 267
Scorzomera graminifolia 225
Scorzorera humulis 225
Scorzonera lacinigta 225
Scorzonerinae 108, 225

Scrophulariaceae 165, 167, 168, 174, 189,

190, 192, 194, 206, 208, 214, 232, 235,
259,270, 297, 298, 302, 306, 311
Sedum acre 247
Seclum lanceolatum 304
Sedum pulchellum 325
Secum suaveolens 258
Senecla 170, 259, 268, 307
Senecioneae 170, 234
Serpula 149
Setchellanthins 236
Bidalcea 278
Sideritis 71
Silene 163, 318
Sitene douglasi 71
Sileneae 168,281
Siparunaccac 108
Siphocampylus sulfurows 315
Siphonochilus 191
Sisyrinchium 202
Sisyrinchium bermudiamom 202
Stgyrinchium convolutum 202
Sisyrinchium filifoliwm 202
Socratea exorrhiza 204

Solanaceae 63,65, 71, 168, 236, 240, 246,

256, 2158, 264, 268, 276, 279, 281, 306,
304,318, 345
Solamum 279, 285, 306, 318, 322, 345
Solanum agrimonifoliven 345
Solamum cardiophyllum 233
Solanum longiconicum 345
Solanum nigrum 63
Solanum oxycarpum 345
Solamum sect. Lasiocarpa 258
Solarwm sect. Lycopersicon 306
Solamuen sect. Selanum 65, 71
Solanum woodsonii 345
Sonchus 249
Sonneratia 231
Sonneratiaceae 232
Sorghastrum 187
Sorghum 236
Spergula 229
Sphagrum 227, 305, 307
Spilanthes 104
Spiraea japonica 247

Spivavithes ditwvialis 307
Stachyuraceac 221
Stackhousiaceae 270
Stebbinsoseris 169
Stellaria holostea 316
Stenocercus 209
Stephanomeria 145
Stephanomeriinae 233
Sterculiaceaes 279

Stipa 193

Streptanthus 248
Streptanthus glandulosus 278

Streptocarpus 108
Stylidiaceae 258

Stplidium
Stylisma

258
(k4

Stylosanthes 301
Sullivantia 164
Syringa 178, 299

Syzygium

208

Tabernacmontana 247
Tanacetum vulgare 214

Tamakaea

Taraxacum 51, 150, 218, 249, 306

167, 270

Taxodiaceae 258, 281

Texodinm

291

Tetramolopium 161
Tetraplasandra 209

Tewcrim

243

Thallophyta 48
Thapsia villosa 244
Thelesperma 158
Thelycrania 131
Theobroma 279
Thymelacaceae 236
Tilia 189, 328

Tilia caroliniana 189
Tilia heterophylla 189

Tiliaceae

Tillandsia
Tillandsia
Tillandsia

189

318
caput-medusae 318
dyperiana 318

Tillandsia fasciculata 318

Tillandsia

lindenii 318

Tithonia 66, 104
Tafieldia 229

Tolmica 262
Tournefortia 232
Tragacantha 344
Tragopogon 105, 262, 271

Tragopoego

n dubius 268

Tragopogon porrifolius 268
Tragepogon pratensis 168
Trichomaneae 190
Trichomanes 104

Trifoliem

23]

Triplostegia 135

Tristerix corymbosus 318

Triticeae
Triticum

71, 104, 169, 285, 286
192



Triticuwi aestivum 213
Triticusm araraficim 266
Triuridaceas 235
Tropaeolaceae 221, 285
Tulipan 218

Turnera 272
Turneraceae 272
Tvpha 227

Typha angustifolia 330
Typha latifolia 330
Typhaccae 330

Uldimie 208

Ulex 247

Ulmaceae 185,251,252, 315
Llrus 229, 328

Umbelliferae 46, 71, 104, 166, 168, 174,

208, 240, 243, 244, 259
Urcimia 206
Unxia 166, 270
Uropappus 169
Urtica 229
Usnea filipendula 307
Utricularia 229
Uvularia grandiflora 142
Uhvalaria perfoliata 142

Viaccinium 19

Vaccinium angustifolium 170
Vacoinium boreale 270
Valerianaceae 190, 235, 297
Valerianella bushii 297
Valerianella carinata 190
Valerianclla ozarkana 297

Valerianella azarkana £, bushii 297

Valewianelld ozarkana £, ozarkana 297

Valerianella rimosa 190
Vallisneria 315
Veitchia spiralis 215
Veratrilla 220
Veratrum 246

Verbenaceae 71,202, 245, 260, 317

Vernania 233, 252
Veronica 245, 252, 306
Vibernales 271
Vibyrnum 104, 169
Vigia |92

Viguiera porteri 168
Viola 229

Virola 235

Vitaliana 218
Vivianiaceae 206
Voarioala gerardil 158
Vochysiaceae 201,202
Viopria 232

Weigela 167

Welwitschia 120
Winteraceae 209, 230, 278
Woodsia 104

Xanthisma texanus 264

Zamiaceae 104

Zea 217

Zelkowa 185, 252
Zelkova abelicen 185
Felkova carpinifolia 185
Lelkova schneideriana  1RS
Zelkova serrafa 185

TAXOM INDEX

Zelkova sicula 185
Zelkova simica LB5
Zeltnera 159

Zeltnera abramsii 259
Zeltnera arizonica 259
Zeltnera beyrichii 259
Zeltreera breviflora 259
Zeltnera calycosa 259
Zeltnera exaltata 259
Zelmera plandulifera 259
Zeltwera madrensis 259
FLeltrera martinii 259
Zeltmera maryanna 259
Feltnera multicaulis 259
Leltnera namophila 259
Zeltreera nevadensis 259
Leltwera nudicanlis 159
Zeltreera quitensis 259
Leltwera sefacea 239
Zeltrera stricta 259
Zeltnera texensis 259
Zeltnera trichantha 259
Zeltrera venusta 259
Leltrera wiggingl 159
Fexmenia columbiang 346
Zexmenia mikanioides 346
Zingeria bichersteiniana 258
Lingiber 191
Zingiberaceae 191, 316
Zingiberales 96, 177, 200, 230
Zippelia 121

Loslera marima 315
Zosteraceae 315
Lygomycota 174
Zygophyllaceae 62, 63, 67

el
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Subject Index

Numbers in boldface indicate definitions of terms when more than one page is given; those

in italics refer to major discussions.

Abiotic factors 321, 324-328, 329, 331

Accident 27, 138

Accidental quality 27

Adaptation 30, 57, 69, 85, 86, B9, 106, 184,
187, 209, 291, 296, 309, 329; anatomical
250, biocultural 109; evolution of 331;
morphological 196, 197, 291, 319;
physiological 178; pallination 236, 310,
311, 315, 319

Agameon 149

Agamic reproduction 263

Algae 48, 71, 174, 242, 255; blue-green 174;
green 174, 277, 278; red 174, 283, 306

Algorithms 53, 54, 61, 63, 71, 77, 78,
B9-100, 104, 108, 113, 115, 118, 125,
158, 242, 272, 277, 1835, 338; Bayesian
inference 89, ¢f; Camin and Sokal
parsimony 90; character compatibility
89, %4, corrected parsimony 94;
distance methods 92, 277; Dolle
parsimony 92; efhicacy of algorithms
Of; Farris tree 76; Fitch/Farris/Wagner
parsimony 90, 93, 96, 277; Hennig
and Wagner 90; maximum likelihood
76, B9, 96, 288, 189; neighbor-joining
37,54, 71, 93, 288, 289; parsimony
37,54, 89, 90, 93-94, 274, 277, 287,
188, 289; polymorphism parsimony
92; superdistance matrix method
108; three-taxon parsimony 94; tree
construction 287, 306; UPGMA, 54,
71,96

Alkaloids 176, 239, 240, 241, 246-247, 252,
331

Allopatry 142, 152, 158, 159, 283, 307, 313

Alloploidion 149

Allopolyploidy 94, 105, 142, 262-263, 265,
268, 272, 307, 339; scgmental 262

Ament, see Catkin

Amino acid sequences 63, 76, 177, 249, 285

Amplified fragment length polymorphism/
AFLP 146, 160, 168, 289, 301-302,
306, 307

Anagenesis 74, 105, 116

Anagenetic distance 122

Analogue 30

Anatomy 1, 7, 10, 11, 17, 57, 72, 144,
166, 167, 176, 177, 186, 190, 193,
199-209,211,212, 218, 220, 291, 335;
comparative 199, 200; developmental
200; floral 166, 201, 208, 209; fruit 201,
206; leaf 201, 209; nodal 204; root 204;
stem 202; wood 200, 204, 208, 209

Ancestral areas, see Biogeography

Ancuploidy 260-262, 265

Apogameon 149

Apomixis 138, 150, 175, 213, 218-220, 310,
316, 339

Apomorphy 31, 74, 75, 79, 81, 94, 99, 102,
117-120 122-1235, 143, 148, 168

Asexual reproduction, see Agamic
reproduction

Association coefficients 55, 61-62, 63,
66, 68

Attributes 26, 34, 35, 50; serially dependent
o9; states 26

Autapomorphy 31, 74, 79, 99, 101, 117,
118, 175

Autcallopolyploidy 262

Autonym 159

Autoploids 262, 270; interracial 262

Autopolyploidy 262-263, 272, 339
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SUBJECT INDEX

Banding patterns 267

Bar graphs 344

Basic data matrix 28, 33, 54, 61, 69, 78, 79,
117, 331

Basic/base chromosome numbers see
Chromosome numbers

Bats 310, 312, 315, 318

B-chromosomes 264

Bees 533, 68; pollinators 252, 310-312, 315

Betalains 176, 203, 235, 241, 247-248, 251,
274,313

Biochemistry, taxonomic 240

BioCode 9, 101, 134

Biodiversity 7, 8, 15, 16, 138, 331, 338

Biogeography 11, 17, 72, §9, 107- 108,
290, 291, 307, 322, 330-332; ancestral
areas [08; chrono-, 108, 116; cladistic
108; different approaches 107-108;
endemicity analysis 108; historical
107; pan-, 108; phylogenetic 107-108;
phylogeography 108; vicariance 108

Biology, comparative 11, 40, 77

Biosystematics 9-10, 53, 149, 157

Biotic factors 321, 328-329, 330, 331

Birds 141; dispersal by 318; pollinators
310-312, 315, 320; predators 328

Botanical gardens 42, 45, 48, 271, 337

Breeding systems 33, 108, 218, 225, 296, 300,
305, 300G, 310, 311, 315-318, 319, 320,

Bryophytes 71, 104, 174, 242, 277, 285, 305
gametophytes 317

Buds 185, 195, 268, 271

Camin and Sokal parsimony algorithm %0

Canonical correlation analysis 64

Canonical discriminant analysis 72

Canonical trend surface analysis 69

Canonical variate analysis 64, 72

Carposphere 192

Categorical system theory 21

Categories 21, 41, 50, 54, 55, 56, 66, 68, 70,
233, 1001, 102, 129, 262, 277, 321, 353

Catkin 48, 315

Centromere 260, 265, 266, 267

Character stales 26-29, 31, 33, 35, 40-42,
47, 49, 51, 32, 54-57, 59, 6, 69, 71,
75,78, B0, 81, 82, 85-90, 94, %, 1035,
108, 109, 116, 120, 122, 125, 129, 171,
177, 200, 244, 319, 320, 336; advanced
31; anatomical 209; apomorphic 31:
apotypic 31 clear-cut 29 Compariscn
61; derived 31, 48, 74-76, 7TR-80, §9, 92,
104, 117, 331; general 31; generalized
il; intergrading 29; major 2% minor 29
marphological 96, 177, 19%; network
7B, 84, 88; plesiotypic 31; primitive 11,
48, 74, 76, 84-87, 331; specialized 31;
transformations 84, 203; tree 78, 84, 88;
unique i1, 75; weighting 287

Character-bearing semaphoront 56, 74

Characteristic 27

Characters 25; a posteriori selection 32, 33,
46i; a priori selection 32, 33, 4Z; adaptive
30-32, 56, 69; admissible 32; analogous
30; analytic 30; anatomical 47, 196, 201,
204, 208, 209; bad 30; biclogical 30;
binary 60, 62, 81; cladistic 31; coding 59,
64, 80, B1; coevolving 83; compatible/
compatibility 21, 76, 82, 89, 94-96,
289 congruence 58, 100; constitutive
30; continuous quantitative 28, 35, 52,
6d); correlation of 29, 312, 69, 83; cryplic
29; cytological 257; dependent 96;
descriptive 30, 184; diagnostic 30, 46,
83, 196; discontinuous quantitative 28;
discrete 76, 237; embryological 47, 213;
empirically correlated 32; endomorphic
209; epharmonic 30; essential 2%, 165;
evolutionary 30; evolutionary analysis
108; exomorphic 209; factitious 165,
familial 29; fixed 29, 34, 81; floral 57;
fortuitous 30; fruit 57, 165, 192, 297;
functional 30, 31, 34; fundamental
29; gametophytic 57; general 28-30;
generic 29, 165~ 167; genetic 296, 306;
good 30; homologous 30, 31, 75, 87,
inadmissible 31; incongruence 57, 100;
invariant 29, 32; isocratic 52; key 30;
logically correlated 32; macrocharacters
29; mapping 108, 319; meaningful 30,
64; meaningless 30, 32; measurement
of 539; meristic 28; microcharacters 29,
166, | 70; molecular l'li-iJJ-;.'lgi-;'a'll 286, 292
morphogenetic 193; marphological 47,
81, 169, 174, LE4, 190, 196, 104, 209,
237, 186, 330; multistate 29, 35, 60,
61,63, 81; natural 165; nonadaptive
3L nonconstitutive 30; noncorrelated
3%; nonhomaologous 70; number of
38; ontogenetic 31; optimization 99,
108, 28%; partially logically correlated
31; phaneritic 29; phenetic 31-32, 57;
phyletic 30-31; phylogenetic 30, 31;
phytochemical 57, 239, 331; plastic
29; plus-minus 60; pollen 57, 227;
polymorphic 31, 81; predictiveness 115;
presence/absence 60; gualitative 28, 29,
35, 60; quantitative 28, 29, o0, 63, 69,
264 reliable 30, 34; reproductive 190,
201, 204, 310; regressive 31; scaling
549, 60 selection, of 32-35, 56, 80-33;
sinEJt' 32, 53, 81, 169, 287, 31]; apl:r.':iﬁt
29; sporophytic 57; standardization
61; structural 31, 320; synthetic 30;
systematic 26; tautological 32; taxonomic
25, 26, 33, 34, 41, 69, 184, 192, 200,
204, 219, 238, 261, 297; transforination
a6, 88; true cladistic 31; two-state 600,
63; unit 31-33, 35, 40, 54, 56, 58, 59;
uniquely derived 76, 143; unreliable 30;
unweighted 32, 75; variation/variability
of 28, 29, 56, 59, 61, 63, 101, 113, 338,

346; vegetative 57, 58, 184, 190, 195, 201,
weighting offweighted 32, 33, 38, 46, 52,
568, 59, B2, 287

Chemical constituents 23, 57,

Chemical race 158, 241

Chemo-deme 158

Chemosystematics 240, 339

Chemotaxonomy 240; palaea-, 252

Chemotype 158

Chromatin 257, 269

Chromosome, numbers 54, 57, 167, 176,
255, 256, 257-260, 260-271, 291, 292,
338; basic/base 108, 167, 265; ancestral
2635; varlation 258, 264, 270

Chromosomes 201, 255, 256, 257-372, 196-
299; banding 256, 267-268; behavior
269; morphology 167, 258, 265-266, 271;
supernumerary {B-chromosomes) 256,
264, 2640, 26], 270-272

Chronospecies 147

Cisternae, dilated 202, 203

Cladistics 8, 29, 30, 32, 34, 37, 38, 40, 41,
48, 49, 50, 52, 54, 58, 62, 70, 73-110,
114=127, 159, 168, 171, 174, 177, 193,
252 275 285 290, 299, 353 ancestral
character states 108; Bayesian inlerence
98; biogeography 107-108; character
compalibility 94-96; character state
networks B4, character state trees §4-8%
characters 28, 31; character mapping 108;
character optimization 108; conservation
106; delimitation of genera 169; distance
118, 123; ecological data 331; efficacy
of algorithms 54, 71, 98-101, 103,
114; evoluetionary assumptions 80;
evolutionary character analysis 108;
example 78; explicit phylogenetics 117
127: extinction 105; formal classification
101 -103; fossils 105-106, 125; history
75-78; homology 83-84; impact
103-110; information content 116;
limitations 112, 29%; macroevolutionary
patterns 1 0%; maximum likelihood
95-98; methods 78; morphology 93, 177;
neocladistics 78; objectivity 113-114;
palynological data 237; parasites
106~ 107; parsimony 90-94, 274, 277;
patrocladistics 116, 123; PhyloCode 9,
ror-103, 132, 134, 353; polarity 84-8%;
predictivity 116; ranking 125; reflection
of evolution | 16; repeatability 114;
selection of characters 80-83; selection
of taxa B0; species concept 148-14%;
stability of hierarchy 115; stratocladistics
125; supertrecs 108; symbionts 106-107;
free construction 89-98

Cladogenesis 74, 105, 107, 116, 148

Cladograms 8, 74, 78-82, &5, 89, 92, 94,
95, 103, 105, 106, 108, 114-118, 122,
123, 125, 134, 142, 147, 148, 287, 284,
2581, 344



Classification, artificial 112, 120; congruent
57; evaluation 114; evolutionary 176,
353; hierarchical 8, 21, 22, 40, 48,

131; horizontal 175 monothetic 46,

112; natural 46, 47, 49, 30, 112, 167;
numerical 53; phenetic 31, 32, 5i, 54,
56, 59, 61, 115, 117; phyletic 51, 52, 55,
58,75, 112, 115-118, 120, 123-126, 174,
331; phylogenetic 7, 117; polythetic 112;
predictive 2, 34, 125, 290, 340, systems
27,41, 42, 4648, 49, 53, 132, 141, 164,
165, 174, 184, 190; vertical 175, 176

Cleistogameon 149

Climatype 157

Clinal variation 69, 244, 330

Cline 157

Cluster analysis 61, 65, 68, 72, 167, 226, 2335,
275, 338; average linkage 64; centroid 64;
complete linkage 64; diagrams 64; key
communality 69; methods 63-64; single
linkage 63

Clusters 55, 56, 61, 65,66, 69, 118, 141, 144,
L 46, 227

Coding additive 60; binary 805 nonadditive
i

Coeflicients 55, 58, 39, 61-63, 338;
association 61, 63, 66; cophenetic,
correlation 66; correlation 59, 63, 66,
115; distance 62, 63, 274; divergence
62; Euclidian distance 62; Goodalls
similarity 63; Gower’s general similarity
62; Jaccard (Sneath} 62, 160, 306; paired
affinity index; Pearson product-moment
correlation 63, 66; probabilistic similarity
63; simple matching 55, 62

Coenogamodeme 149

Coenospecies 149

Coevolution 240, 310, 319, 320

Commiscuum |49

Comparative, anatomy 199, 200; biology
11, 40, 77; DNA sequence data 177;
ecological data,106; embryology 212,
221; morphology 176; phytochemistry
2410

Comparium 14%

Compilospecies 149

Consensus trees 85, 98, 9%, 100, 109, 118,
282

Conspecilic populations 160

Continental drift 17, 32, 34, 83, 108, 140,
167, 332

Contour diagrams 346

Contour mapping 6%, 158, 244

Contoured factor analysis 69

Contoured surface trend analysis 69

Convergence 32, 57, 74, 87, 101, 103, 311

Cophenetic correlation coefficient 66

Cotrelation coetficients 59, 61, 63, 66, 115

ﬂrﬂﬂﬂbllit}‘ 147, 167 -168, 298, 2949, 305

Crossing diagrams 298, 346

Cryptotaxenomy LL

Cultivated plants 71, 155, 297

Cuticle 186-188, 287

Cytochrome ¢ 76, 249

Cytoecorace 270, 271

Cytoform 270, 271

C].rtn_gn:'nﬂti-.::. 3, 16h, 16, 155, 167, 176,
255-272, 285,298

Cytalogical race, see Cytorace

Cytological varfation 270

Cytology 3.7, 10, 144, 155, 167, 176, 181,
200,211,224, 255, 256, 259,271, 291,
331, 335

Cytorace/cytological race 262, 263, 270

Cytotaxonomy 25%, 269

Cytotype 145, 149, 158, 263, 270, 27

Data matrix see Basic data matrix

Data-built data measures 346

Deme 158, 330; chemodeme 158;
coenogamodeme 149; gamodeme 157;
syngamodeme 149; topodeme 158

Dendrogram 74, 118-119; gee also Trees
(diagrams)

Deviation &l

T]i:l.gr.ams..ﬂ-[l 21,64, 118:3-D 116, 118;
bubble 221; contour 346; crossing 198,
346, Dahlgrenogram 221, pie 346; pollen
327 scatter 344; Venn 21, 120; Wells'
distance diagram 344

Dichotomy 74

Ditference 27

Differentiae 27, 138, 139, 165

Differentiation 20, 70, 160, 164, 195,
213, 215, 297, ecotypic 187, 296, 339;
geographic 330; morphological 150, 158,
15%; populational 72; racial 324; vascular
200

Discontinuity 49, 141, 142, 144, 166, 169,
178,321, 338,339

Discriminant function analysis 63, 66, 338

Disjunction 269

Dispersal 14, 17, 108, 144, 166, 167, 181,
232, 237, 307, 309, 318-320, 331, 332

Dissimilarity 61, 62, 65, 106

Distance coefficients 61, 62, 274

DNA 273-294, 295-308; ancient 292, 294;
barcoding 16, 114; chloroplast/cp 146,
274,275, 279, 280-283, 285, 286, 299,
301, 303, 305, 307; corrected parsimony
94; datasets 28%; Dollo parsimony

2; extraction 186-287; inventory 15;

fingerprinting (see also AFLP, RAPD)
146, 168, 286, 289, 296, 297, 300-304:
fragment patterns 168, 275, 287,
300, 305; generic relationships 168;
hybridization 177, 274; genome 257, 268;
maximum likelihood 96; mitochondrial/
oyt 160, 274, 275, 283, 284; molecular
clock 290; nuclear/n/nr 268, 274,
277-280, 283, 285, 306, 339

Dollo parsimony algorithm %0, %2

SUBJECT INDEX

Dot graphs 346

Drift 17, 32, 34, 83, 108, 140, 167, 332
Dysploidion 149

Dysploidy 260-262, 264, 265, 272

Eco-clement 157

Ecology 7, 10, 15, 62, 72, 77, 106, 137, 147,
181, 190, 256, 310, 320-322, 326, 329,
331, 332, 346

Ecophyletic plant anatomy 209

Ecophysics 322

Ecospecies 149

Ecotype 149, 157

Eidos 20, 138

Ektexine 229

Electrophoresis 249, 251

Embryo 47, 208, 211, 212, 213, 215, 215,
217, 218,210,221

Embryo sac 212, 213, 215, 216, 217, 220

Embryology 11, 211,212, 220, 221, 223, 224,

256, 310

Endemicity analysis, see Biogeography

Endemism 106

Endexine 229

Epidermal cells 187, 189, 191, 193, 202

Epidermis 186, 191, 201, 213, 313

Essence 20, 27, 49, 138, 139

Essential oils 158, 243, 336

Essentialism 16, 20, 50, 74

Ethological isolation 145

EU see Evolutionary Unit

Euchromatin 257

Euclidean distance 62

Euploidion 149

Euploidy 260, 270

Eurypalynous taxa 232

Evolution, coevolution 240, 310, 319;
macroevolution |7 microevolution
56; parallel 325; pathways 26, 55, 1186,
272; patterns 17, 23, 4{1, 47, 74, 82, 101;
phyletic 74; rates 105, 291; sequence 84

Evolutionary transformation series 75

Evolutionary Unit/EU 74, 78-41, 84, 86,
A3-92, 94, 95, 101, 102, 103, 1046, 140,
141, 155,171, 204

Exine 224, 225,228, 230, 231, 233, 236, 237:
adaptive significance 236

Exomaorphic features 184

Extinclion 8, 80, 105, 110, 115; 142, 166,
169, 175, 177

Factor analysis 64, 6%, 189, 243; contoured
factor analysis 69

Family 173-178

Farris tree 76, 92, 93

Farris parsimony algerithm (see Fitch
parsimony algorithm) 107, 277

Feature 26, 27

Fertility 158, 167, 298

Fertilization 212, 213, 217, 218, 252, 316,
314, 320; double 212

B
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| SUBIECT INDEX

Fitch parsimony algorithm 90-94, 96
Flavonoids 72, 164, 167, 191, 240, 241, 242-
243 247, 248, 251,252,291, 313, 331
Floraffloristic &, 15, 16, 47, 48, 108, 144, 164,
176, 225, 231,252, 271, 294, 317, 318,

337, 338

Form/forma 153, 156, 157, 297

Form genus 170

Fossil record 72, 76, 87, 105, 147, 170, 171,
291, 293

Fundamentum divisionis 21, 132, 134

Game theory 17,21

Gender, dimorphism 316; distribution 317

Gene flow 141-143, 145-147, 151, 290

Genecology 10

Genetic 295-307; analysis 299, 303; barrier
305; drift 32, 34; efficacy 305-306;
isolation 151; variation &, 143, 146, 148,
249, 204, 297, 304, 301, 304-307, 317,
319, 350

Genels 316

Genotype 34, 195, 204, 299, 340

Gens 147

Cienos/genera 27, 29, 42, 3, 533, 55, 56, 79,
D32, L33, 138, 142, 163-I71, 175, 220,
235,236, 258,264, 281, 305, 330, 336
characters and data 166-16%; crossability
167-168, 167, 305; delimitation
l66-169; folk 164; form 1 70; history
164; homonyms 134; monotypic 133,
143, 167, 171, 270; naturalness 169
organ 170-171; paleontological 170;
remodeling 169

Geo-ecotype 157

Geographic, isolation 142; plots 346,
variation 161

Geography 156, 160, 167, 209, 322

Gealogy 324

Geometric transformation 640

Gestallen 71

Glucosinolates 176, 203, 241, 247, 248, 251

Goodall’s similarity index 63

Gower’s general similarity coefhicient 62

Gradualism 17

Graphs, bar 344; dot 346; polygonal 346, 347

Groundplan/divergence (Wagner
groundplan/divergence) 76, 79, 90,
118, 237

Gymnosperms 47, 71, 104, 174, 204, 212,
224, 232 243 343, 250, 252, 276-278,
281, 305

Habitats 14, 87, 88, 236, 2712, 307, 322, 323,
3319-331

Herbaria 6, 10, 48, 166, 176, 183, 1940, 207,
221,257, 242, 264, 286, 287, 313, 317,
331, 337, 349

1 ifn:'d:it}r 236, 274, 231, 2956

Heterochromatin 257, 264; constitutive 257;
facultative 257

Heterogameon 149

Heterostyly 316

Hierarchical inflation 176

Hierarchy 8, 16-18, 20-23, 40, 41, 46, 47,
49, 54, 56,64, 68, 79, 101=103, 113, 114,
125, 129, 131-135, 142, 145, 149, 158,
163, o4, 168, 174, 176, |77, 187, 192,
196, 208, 212,217, 220, 232, 243, 244,
246, 248, 250, 251, 269, 2760-278, 280,
281, 285, 289, 296, 297, 305, 319, 330,
338-340, 353; inflation 176

Histograms 344, 345

Holomorphy 74

Holophyly 75, 103, 116, 148, 164, 178

Homogeneon 149

Homologues 30, 31, 40 75

Homology 30, 57-59, 74, 81, 83, 84, 177,
184, 192 209,218, 221,262, 271, 287,
299, 312

Homoplasy 74, 82, 94, 99, 101, 114, 190,
249 287

Horticulture 154, 155, 161, 220

H}"]:Iridizatinn H, 63,69, 04, 9F, 134140,
144, 145, 147, 149, 158, 167, 171, 175,
177, 208, 237, 240, 243, 244, 249, 256,
263, 267, 268, 2T2-274, 283, 284, 29,
296, 198, 300, 305-307, 330, 336, 338,
339, 344

Hybrids 67, 149, 158, 167-169, 237, 262,
209, 298, 313, 330

Identihcation 9, 15, 16, 20, 22, 24, 24, 30, 46,
49,63, 114, 178, 192, 196, 221, 238, 242,
248, 256, 271, 312

[diograms 265, 266

Inflorescence 53, 191, 192, 206, 233, 234,
312

Infraspecific 6%-72, &1, 104, 142, 153-155,
158-161, 163, 166, 1B7, 233, 240,

243, 248, 251, 258, 269, 270, 278, 246,
304-306, 319,323, 326, 330-332, 336,
337, 346, 354

In-group analysis 86

[nsects L35, 56, 58, 74, 252, 292, 310-312,
Al5, 318, 320, 328

[ntergradations 339

International Code of Botanical
Nomenclature 9, 132, 134, 153, 155, 161,
163, 174, 237, 343

[mtime 224, 229, 230

Introgression 158, 237, 264, 300, 307, 330,
339, 144

lsolating mechanisms 9, 147, 168, 299,

33, 331

[solation &, 16, 120, 139, 141, 142, 144-147,
150-152, 158, 242, 249, 261, 262, 270,
280, 300, 305, 307, 309, 319, 323, 330,
geagraphic 142

lsozyme analysis 297, 294

laccard (Sneath) coefficient 62, 160, 302, 306

Karyotype 265, 2a6, 270, 292, 299;
natural 266

Kew Record of Taxonomic Literature 161

Keys, diagnostic 42; dichotomous 63;
tabular 9: taxonomic 28

]_ah-tling 23,139, 267, 318

Latin 342, 343

Leaf: anatomyy 209; arrangement 26; blade
86, 185, 186, 227; shape 26, 28, 35, 41, 69,
72, 168, 195, 297: venation 26, 28, 35, 41,
69, 72, 168, 195, 202, 297

Life forms 7, 13, 16, 151

Linear transformation 60

Linkage, average 63, 64; complete 63, 64;
single 63

Logarithmic transformation 60

Logical division 20, 21, 46, 132, 138, 159,
165

Lumpers 4%

Lux-obscuritas analysis 229

Macrocharacters 29

Macroevolution 17

Macromolecules 17, 241, 251

Macromorphology 184

Manhattan {or City-block) distance 62, 76,
g2, 106,115

Mapping 69, 108, 129, 158, 244, 274, 31%;
contour 69, 158

Maps 299, 322, 323, 327, 338, M6

Matches asymptote hypothesis 58

Mathematical transformation &0

Maximum likelihood 76, 89, 96, 98, 104,
104, 288, 289, 307

Mean character difference 62

Megaspore 214, 215

Meiosis 214, 220, 256, 257, 267, 269, 298

Metasystematics 7

Microcharacters 29, 166, 170

Microevelution 56

Micromolecules 240, 241

Micromorphology 176, 184, 187, 192, 196,
202,213,312

Microspecies 149,218

Microspores 213

Micton 149

Minimum spanning networks 88

Molecular clock 81, BE, 89, 105, 116, 118,
275, 281, 2o-299

Monographs 22, 200, 323

Monophyly 75, 103, 148, 275

Monotypic, genus 164, 167, 171, 270; taxa
133, 142, 143

Marphocline 84

Morphology 3, 10, 15-17, 53, 57, 58, 72, 74,
TT, 81, 83,93, 108, 109, 115, 132, 144,
152, 156, 159, 166, 167, 176, 177, 181,
183197, 202,211, 212, 218, 241, 246,
248, 252, 257,259, 265, 266, 270, 271,
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