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Alpha
Beta
Gamma
Delta

Fig. 1.

Epsilon
Zeta
Eta
Theta

Phylogeny of hypothetical taxa used to compare the application of taxon names under Linnaean (Fig. 2) and phylogenetic (Fig.

3, 4) systems of nomenclature. For the example of Linnaecan systems (Fig. 2), the names of the terminal taxa are treated as if they are the
names of genera; for the example of phylogenetic systems (Fig. 3, 4}, the categorical assignments of the terminal taxa are irrelevant.

time, can have profound consequences regarding the
associations between taxa and taxon names.

In a phylogenetic system, definitions are indepen-
dent of the Linnaean hierarchy and thus categorical
assignments play no role in the application of taxon
names. Consider the same example (Fig. 1) of a taxon
and its two immediately subordinate taxa under two
different Linnaean ranking schemes (Fig. 3) but with
the following names and node-based phylogenetic def-
initions: Alphathetonia = the clade stemming from the
most recent common ancestor of Alpha and Theta; Al-
phadeltina = the clade stemming from the most recent
common ancestor of Alpha and Delta; and Thetazetina
= the clade stemming from the most recent common
ancestor of Zeta and Theta. Under these phylogenetic
definitions a given name designates the same taxon
regardless of Linnaean categorical assignments; for ex-
ample, the name ‘‘Alphathetonia™ refers to taxon 1
whether that taxon is ranked as a Suborder (Fig. 3,
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left) or a Family (Fig. 3, right). Conversely, a given
taxon is designated by the same name regardless of
Linnaean categorical assignments; for example, taxon
3 bears the name “Thetazetina™ regardless of whether
that taxon is ranked as a Family (Fig. 3, left) or a
Subfamily (Fig. 3, right). In this example, I have used
neutral endings to avoid Linnaean connotations (e.g.,
that a name ending in ‘“‘-aceae’ is associated with a
taxon assigned to the Family category); however, the
same conclusions would apply even if endings tradi-
tionally associated with the Linnaean categories had
been used, provided that the names had been defined
phylogenetically (Fig. 4). Thus, if the name “Alpha-
ceae” (rather than “Alphadeltina”) had been defined
as designating the clade stemming from the most re-
cent common ancestor of Alpha and Delta, that name
would be the name of taxon 2 regardless of whether
taxon 2 was ranked as a Family or a Subfamily. Under
a phylogenetic system of nomenclature, differences in
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Fig. 2. The meanings of names defined under Linnacan systems vary depending on Linnaean categorical assignments. The names of
all three taxa (1-3 of Fig. 1) are different under one ranking scheme (left) versus the other (right), and the only name used under both
schemes (Alphaceae) designates a different taxon (2 versus 1) under the different schemes. Types are signified by asterisks (*). See text

for definitions.
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Fig. 3. The meanings of phylogenctically defined names are unaffected by Linnacan categorical assignments 1. The names of all three
taxa {1-3 of Fig. 1) are identical under the two different Linnacan ranking schemes (left versus right), and all three names designate the
same taxa under the different schemes. Neutral endings have been used to avoid the connotations of endings associated with one of the
Linnaean categories under Linnacan systems of nomenclature. See text for definitions.

Linnaean categorical assignments among authors, or
changes in such assignments over time, have no effect
on the associations between taxa and taxon names. A
given name designates the same taxon and a given
taxon is designated by the same name regardless of
categorical assignments.

The use of phylogenetic definitions has important
consequences for the Linnaean hierarchy. Specifically,
the assignments of taxa to categories in the Linnacan
hierarchy would become superfluous, at least with re-
spect to nomenclature. Categorical assignments would
not have any bearing on the names of taxa, and con-

Scheme One
CATEGORY
Suborder Alphineas
Family Alphaceae Thetaceae
- . .
‘ £ S ®
£ 8 E & § = 5
2 833388 38 £

versely, they would not have any bearing on the mean-
ings of taxon names. Once defined phylogenetically
(and regardless of endings), the name of a taxon would
not change when the rank of the taxon was changed.
For example, the name “Alphadeltina” (or “Alpha-
ceae” ) would not change simply because the categor-
ical assignment of the taxon designated by that name
changed from Family to Subfamily (Fig. 3, 4). Con-
sequently, the endings or suffixes associated with par-
ticular Linnaean categories under the nomenclatural
systems in current use would no longer have any sig-
nificance in terms of categorical assignment. The fact

Scheme Two
CATEGORY
Family Alphineas
Subfamily  Alphaceas Thetaceas
r . 4 .c !
k! E S =
g 8 E & 3§ = @ °
238888 a F

Fig. 4. The meanings of phylogenetically defined names are unaffected by Linnaean categorical assignments II. This example is identical
to that illustrated in Fig. 3 except that the names have endings traditionally associated with particular Linnaean categories (in this case,
Suborder, Family, and Subfamily). The names are defined as follows: Alphineae = the clade stemming from the most recent common
ancestor of Alpha and Theta; Alphaceae = the clade stemming from the most recent common ancestor of Alpha and Delta; and Thetaceae
= the clade stemming from the most recent common ancestor of Zeta and Theta. Under these definitions, the names of all three taxa (1—
3 of Fig. 1) are identical under the two different Linnaean ranking schemes (left versus right), and all three names designate the same taxa

under the different schemes.
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Fig. 5.

Under phylogenetic definitions, names with identical endings can refer to nested rather than mutually exclusive clades. For the

purpose of this example, ‘“Aceraceae’ is defined as the clade stemming from the most recent common ancestor of Acer and Dipteronia,
and Sapindaceae is defined as the clade stemming from the most recent common ancestor of Handeliodendron, Hypelate, Koelreuteria,

Sapindus, Athayana, and Diatenopteryx. Although the names of both taxa end in

e

-aceae”’, Aceraceae is a subgroup of Sapindaceae. The

situation with Hippocastanaceae is similar to that for Aceraceae. Names and tree (but not definitions) are from Judd et al. (1994).

3

that a taxon name ended in ‘‘-aceae,” for example,
would not imply that the taxon designated by that
name was a Family; it might in fact be an Order, and
it need not be assigned to any Linnaean category at
all. Nor would this ending imply anything about hi-
erarchical relationships. With revised ideas about phy-
logeny, names with the same ending might turn out to
designate nested (rather than mutually exclusive) taxa.
For example, according to the phylogeny of Judd et
al. (1994), node-based phylogenetic definitions of the
names ‘‘Sapindaceae’ and ‘‘Aceraceae’ based on cur-
rent hypotheses about the composition of the taxa des-
ignated by those names implies that Aceraceae is nest-
ed within Sapindaceae (Fig. 5). (This situation already
exists, to a certain degree, for names with endings that
do not have a mandatory association with one of the
Linnaean categories, for example, those ending in
“-phyta.””) In summary, the evolutionization of taxo-
nomic definitions would render the categorical assign-
ments of taxa irrelevant with respect to nomenclature
and thus reduce the importance of Linnaean hierarchy
considerably.

Advantages of a phylogenetic system.—By granting
the principle of descent a central role in the definitions
of taxon names, the nomenclatural proposal described

above represents yet another stage in the evolutioni-
zation of taxonomy. But apart from continuing the his-
torical process of evolutionization, one might ask
why—from the viewpoint of the practicing taxono-
mist—we would want to make such a fundamental
change. The reason is simple and concerns the basic
goals and purposes of nomenclatural systems in gen-
eral and the current codes in particular; that is, to pro-
mote nomenclatural clarity, universality, and stability.
These concepts can be defined as follows (de Queiroz
and Gauthier 1994): clarity means that the associations
between names and taxa should be unambiguous; uni-
versality means that all biologists should use the same
names for the same taxa; and stability means that the
associations between names and taxa should remain
constant over time. Although the current systems of
nomenclature promote nomenclatural clarity, univer-
sality, and stability, they do so in an inappropriate the-
oretical context.

Under the current Linnaean systems of nomencla-
ture, that which is clear, universal, and stable is the
association between a taxon name and one of the Lin-
naean taxonomic categories. For example, both “Al-
phaceae”, the name of a hypothetical taxon, and
‘“Brassicaceae’’, the name of a real taxon, are unam-
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biguously associated with the Family category by all
taxonomists operating under a Linnaean system of no-
menclature, and they will remain associated with that
category even if the taxa assigned to it change. Thus,
“Alphaceae” remains associated with the Family cat-
egory even if the taxon designated by that name
changes from taxon 2 to taxon 1 (Fig. 2) and *“‘Bras-
sicaceae” remains associated with the Family category
even if the taxon designated by that name changes
from a clade that excludes the species referred to Cap-
paraceae to one that includes them (see Judd et al.
1994). But these and other associations with the Lin-
naean taxonomic categories are not the most relevant
aspect of meaning for the modern taxonomist. Because
of the earlier stages in the evolutionization of taxon-
omy, taxon names now have at least implicit phylo-
genetic meanings, and this is true even for those sys-
tematists who continue to operate under Linnaean sys-
tems of nomenclature. In other words, taxon names
now have associations not only with the Linnaean cat-
egories but also with particular parts of the phyloge-
netic tree of life—that is, with particular clades or the
sets of species of which they are composed.

For anyone who accepts the advances of earlier
stages in the evolutionization of taxonomy, the second
aspect of meaning is more significant. This explains
why taxonomists so often balk at proposals that would
change the circumscription of a taxon and thus the
implicit phylogenetic meaning of its name. Continuing
with the previous hypothetical example (Fig. 2), taxon
2 is a different entity than taxon 1; therefore, changing
the designation of a name from one taxon to the other
goes against clarity, universality, and stability in im-
plicit evolutionary meaning. If some authors accept the
proposal and others reject it, the association of the
name with a particular taxon (clade) is not universal
among authors; consequently, this aspect of the name’s
meaning is ambiguous. And even if all biologists even-
tually come to accept the proposal, the association of
the name with a particular taxon/clade will have
changed over time. If we accept evolutionary concepts
of higher taxa, we can hardly deny that Linnaean sys-
tems of nomenclature fail to accomplish their primary
purpose.

In contrast with the situation under Linnaean sys-
tems of nomenclature, under a phylogenetic system,
that which is clear, universal, and stable is the asso-
ciation between a taxon name and a clade or mono-
phyletic group of species. Under Linnaean definitions,
names have no explicit associations with clades or
monophyletic taxa; any such associations are implicit.
Phylogenetic definitions make those associations ex-
plicit by expressly defining taxon names as designating
particular taxa (clades). Consequently, the association
of a taxon name with a clade or monophyletic group
of species becomes the most fundamental aspect of the
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name’s meaning. That is to say, association of the
name with a part of phylogeny becomes more impor-
tant than its association with one of the Linnaean cat-
egories. This is the reason that the associations be-
tween names and taxa are unaffected by changes in
categorical assignments, as is illustrated in the exam-
ples above (Fig. 3, 4). Thus, provided that all authors
adopt the same definitions (as presumably they would
under a phylogenetic code), they will apply the same
names to the same taxa. By emphasizing phylogenetic
relationships instead of categorical assignments, phy-
logenetic definitions promote nomenclatural clarity,
universality, and stability in terms of a theoretically
significant aspect of meaning.

Clarifications.—Replacing the foundation of the no-
menclatural system would constitute a minor revolu-
tion, at least within systematic biology. One might
therefore expect that the change will not be made eas-
ily. Considering the previous stage in the evolutioni-
zation of taxonomy reinforces this concern. During the
1970s and 80s, bitter intellectual battles were fought
over concepts of higher taxa, and debates continue to
the present (e.g., Stuessy 1997). In addition, the prin-
ciples and rules of nomenclature are formalized to a
much greater degree than concepts of higher taxa ever
were. Concepts of higher taxa were never endorsed by
official congresses, comimissions, or committees, nor
were they formalized in published codes. If resistance
to change is correlated with degree of formalization,
then we can expect future battles over nomenclature
to be even more bitter than past ones over concepts of
higher taxa. For this reason, I would like to clarify
some areas of potential confusion in hopes of avoiding
criticisms based solely on misunderstandings.

Implications for the Linnaean hierarchy, hierarchi-
cal taxonomies, and names.—Several potential mis-
understandings concern the implications of a phylo-
genetic system of nomenclature for certain taxonomic
traditions, in particular, the Linnaean hierarchy, hier-
archical taxonomies, and familiar taxon names. Al-
though adopting a phylogenetic system of nomencla-
ture would greatly limit the importance of the Linnae-
an hierarchy in the realm of nomenclature, it would
not require total elimination of the Linnaean hierarchy
from taxonomy. That is to say, taxa could still be cat-
egorized (ranked) as Orders, Families, Subfamilies,
etc., even if those categorical assignments had no in-
fluence on taxon names. The categories would then be
treated as simple representational devices lacking both
theoretical and nomenclatural significance, much like
the numerical prefixes discussed above. On the other
hand, a phylogenetic system of nomenclature would
permit total elimination of the Linpaean hierarchy
from taxonomy; otherwise, total elimination of the
Linnaean hierarchy is impossible. As long as the ap-
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plication of taxon names is governed by a Linnaean
system of nomenclature, even taxonomies that avoid
explicit use of the Linnaean categories are still using
those categories implicitly.

A second potential misunderstanding concerns the
hierarchical structure of taxonomies. Even if the Lin-
naean hierarchy is totally eliminated from taxonomy,
this does not mean that taxonomies would no longer
be hierarchical. As noted above, the Linnaean hierar-
chy of taxonomic categories should not be confused
with hierarchical taxonomies in general. A system of
ranked taxonomic categories is not the only way to
represent nested hierarchical relationships, which can
be represented using branching diagrams, Venn dia-
grams, numeric prefixes, indentation, and various other
devices. Because nested, hierarchical taxonomic struc-
ture is a deduction from the principle of descent, it
cannot be contradicted by a method of definition de-
rived from that same principle.

A third potential misunderstanding is the idea that
eliminating the Linnaean hierarchy means eliminating
or replacing established and familiar taxon names. Lin-
naean definitions can be replaced with phylogenetic
definitions without replacing the names themselves.
For example, the name ‘“Adoxaceae” is traditionally
defined (implicitly) as “‘the Family containing the Ge-
nus Adoxa,” but the same name could be redefined
phylogenetically as *‘the most recent common ancestor
of Viburnum, Sambucus, [and] Adoxa, and all of its
descendants” (Judd et al. 1994:25). The names need
not change, only their definitions. Alternatively, new
names could be coined (e.g., using different endings)
to emphasize their novel definitional basis (e.g., Kron
1997). The advantage of redefining existing names is
continuity with the previous literature; the disadvan-
tage is their Linnaean connotations (e.g., “Adoxa-
ceae” might be assumed to be the name of a Family
even if the taxon designated by that name was as-
signed to a different Linnaean category or if it was not
assigned to a Linnaean category at all). The advantage
of coining new names is that they would have no Lin-
naean connotations; the disadvantage is loss of conti-
nuity with the previous literature.

Clarity, universality, and stability.—By explicitly
associating taxon names with particular taxa (clades),
phylogenetic definitions promote the unambiguous ap-
plication of names to taxa, and in this respect they also
promote the development of a universal and stable no-
menclature. Linnaean definitions also promote the un-
ambiguous application of names to taxa and the de-
velopment of a universal and stable nomenclature,
though they do so in very different theoretical context.
In an ontological sense, acceptance of a definition—
whether Linnaean or phylogenetic—ensures that a par-
ticular name will always be applied to the same taxon.

Linnaean Hierarchy and Phylogeny
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Sameness in this context refers to an ideal truth—the
true taxon assigned to a particular Linnaean category
(whatever that may mean) or the true clade as it exists
in reality (as opposed to our conjectures about reality).
Such truths, however, cannot be known with certainty.
Because names can only be applied in the context of
taxonomic hypotheses, there can be no guarantee that
the taxon to which a particular name is applied will
be identical in terms of its hypothesized composition
from one taxonomic hypothesis to the next, and this is
the case under both Linnaean and phylogenetic sys-
tems of nomenclature.

Under Linnaean systems, different authors will only
apply the same names to taxa of identical hypothesized
composition if those authors both recognize taxa of
identical composition and assign those taxa to the
same categories in the Linnaean hierarchy (e.g., if they
all adopt the ranking scheme on one side, left or right,
of Fig. 2). If different authors recognize taxa that differ
in composition, or if categorical assignments differ be-
tween authors (e.g., if some adopt the scheme on the
left side of Fig. 2 and others adopt the scheme on the
right), then those authors will not apply the same
names to taxa of identical composition. Categorical as-
signments are irrelevant under phylogenetic systems
(Fig. 3), but taxonomic hypotheses are critical to the
application of taxon names. Under phylogenetic sys-
tems, different authors will only apply the same names
to taxa of identical hypothesized composition if the
relevant aspects of their phylogenies are the same. If
the relevant aspects of the phylogenies differ between
authors, then those authors will not apply the same
names to taxa of identical composition (Fig. 6; see also
de Queiroz and Gauthier, 1990; de Queiroz 1996), Dif-
ferences or changes in ideas about phylogenetic rela-
tionships can also lead to differences in the hypothe-
sized composition of taxa under Linnaean systems
(Fig. 7; see also de Queiroz 1996).

These examples illustrate that neither phylogenetic
nor Linnaean systems guarantee clarity, universality,
and stability in terms of hypotheses about the relation-
ships and composition of taxa. The reason is that both
types of nomenclatural systems clearly separate taxo-
nomic hypotheses from nomenclatural rules. Taxo-
nomic hypotheses, ideas about relationships and the
composition of taxa, must be free to differ and change
if taxonomy is to be a nonauthoritarian and evolving
discipline. Therefore, in both Linnaean and phyloge-
netic systems of nomenclature, rules governing the ap-
plication of names are deliberately formulated so that
they are independent of specific taxonomic hypothe-
ses. That is to say, both systems deliberately separate
the purely formal process of applying names from the
more creative and intellectual processes of reconstruct-
ing phylogeny and, in the case of the Linnaean system,
assigning ranks. One consequence of this separation is
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Fig. 6. The hypothesized composition of taxa designated by phylogenetically defined names can vary depending on the accepted
phylogeny. The Gamma-Delta clade is most closely related to the Alpha-Beta clade in the scheme (phylogeny) on the left but to the
Epsilon-Theta clade in the scheme (phylogeny) on the right. The name “Alphadeltina,” defined as the clade stemming from the most recent
common ancestor of Alpha and Delta, designates a clade that includes four terminal taxa (Alpha-Delta) in the context of the former
phylogeny, but it designates a clade that includes all eight terminal taxa (Alpha-Theta) in the context of the latter.

that names governed by either system can be applied composition of taxa is only guaranteed to be unam-

unambiguously under any taxonomic hypotheses
framed within the general context of that system—that
is, under any hypothesis about relationships (under
phylogenetic systems) or about relationships and cat-
egorical assignments (under Linnaean systems). This

biguous, universal, and stable when authors agree
about the relevant aspects of their taxonomic hypoth-
eses.

The difference between Linnaean and phylogenetic
systems of nomenclature thus boils down to a differ-

permits the same names to be applied unambiguously
as taxonomic knowledge is continually improved and
refined. Another consequence is that the hypothesized

ence in how taxonomic hypotheses are conceptualized,
which is related to the difference in the underlying
bases of those systems. In Linnaean systems, the Lin-
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Fig. 7. The hypothesized composition of taxa designated by names defined using Linnaean definitions can vary depending on the
accepted phylogeny. The Gamma-Delta clade is most closely related to the Alpha-Beta clade in the scheme (phylogeny and set of categorical
assignments) on the left but to the Epsilon-Theta clade in the scheme (phylogeny and set of categorical assignments) on the right. The
name “Alphaceae,” defined as the clade including Alpha that is assigned to the Family category, designates a clade that includes four
terminal taxa (Alpha-Delta) in the context of the former scheme, but it designates a clade that includes all eight terminal taxa (Alpha-
Theta) in the context of the latter. Notice that composition of the taxon designated by the name “Thetaceae™ also differs between the two
schemes. Because the designations of names defined using Linnaean definitions depend on categorical assignments, other designations are
possible. For example, in the context of the phylogeny (but not the categorical assignments) on the right, “Alphaceae™ might refer to a
clade that includes only two terminal taxa (Alpha and Beta), rather than four or eight, in which case the Gamma-Delta clade would either
be recognized as its own Family or be included in Thetaceae, thus creating a difference in the composition of that taxon between the two
phylogenetic hypotheses. (F=Family, SF=Subfamily, SO=Suborder.)
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naean hierarchy is fundamental to the conceptualiza-
tion of taxonomic hypotheses in that the application of
taxon names requires assignment of taxa to categories
in the Linnaean hierarchy. Nevertheless, the principle
of descent is also important in that hypotheses about
phylogenetic relationships affect ideas about the com-
position of taxa. In phylogenetic systems, the principle
of descent is fundamental to the conceptualization of
taxonomic hypotheses in that the application of taxon
names requires a phylogeny; the Linnaean hierarchy,
however, is irrelevant. Consequently, in Linnaean sys-
tems, universality and stability in the hypothesized
composition of taxa designated by particular names are
compromised by differences or changes in ideas about
both phylogenetic relationships and categorical assign-
ments, while in phylogenetic systems, they are com-
promised only by differences or changes in ideas about
relationships. In other words, as the basis for a system
of nomenclature, the Linnaean hierarchy interferes
with effective communication about evolutionary taxa
by allowing differences in categorical assignments to
generate ambiguity, nonuniversality, and instability
even when there is complete agreement about phylo-
genetic relationships.

Phylogenetic knowledge.—Perhaps the most com-
mon misconception about a phylogenetic system of
nomenclature is that its use requires more extensive
and definitive knowledge about phylogeny than is cur-
rently available for many groups. On the contrary, a
phylogenetic system requires neither extensive nor de-
finitive knowledge about phylogeny. As noted above,
a phylogenetic system allows names to be applied un-
ambiguously and consistently in the context of alter-
native phylogenies, which implies that use of such a
system does not require definitive phylogenetic knowl-
edge but only the willingness to make phylogenetic
conjectures. Phylogenetic hypotheses do not have to
be certain or correct, but they do have to be put for-
ward.

Indeed, the impossibility of obtaining definitive
phylogenetic knowledge—that is, the fallibility and
concomitant impermanence of phylogenetic hypothe-
ses—is the reason for having a formal system of no-
menclature. If all the details of phylogeny were known
with certainty, there would be no need to concern our-
selves about how to apply names to taxa; it would be
obvious. Our ideas about phylogeny would never
change; hence there would be no alternative taxonomic
hypothesis nor any need for rules about how to apply
existing taxon names in the context of alternative hy-
potheses. But this is not how taxonomy works. Re-
constructed phylogenies are provisional hypotheses
that are continually being revised and refined. Unless
we want to replace or redefine existing names every
time a new phylogeny is proposed, we need rules for
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applying those names unambiguously in the context of
new phylogenetic hypotheses. In short, the purpose of
a phylogenetic system of nomenclature is not to pro-
vide rules for applying names after we figure out all
the details of phylogeny; instead, its purpose is to pro-
vide rules for applying names in a phylogenetically
meaningful way as we continue to work out those de-
tails.

CONCLUSION

The Linnaean hierarchy has been an integral part of
biological taxonomy for nearly two and a half centu-
ries. It has proved highly useful for representing the
hierarchical relationships of taxa, and it has experi-
enced remarkable longevity. One of the greatest tri-
umphs of the Linnaean hierarchy and a factor that was
probably critical to its longevity, in particular, its per-
sistence into modern taxonomy, was the ease with
which it accommodated an evolutionary world view,
Indeed, the groups-within-groups structure of the Lin-
naean hierarchy seemed almost ideally suited for rep-
resenting the structure of taxonomic relationships im-
plied by the principle of common descent.

If the Linnaean hierarchy had been used only as a
device for representing hierarchical relationships, sim-
ilar to the numerical prefixes or indentation of later
authors, it might never have come into direct conflict
with the principle of descent. But the Linnaean hier-
archy was treated as more than a simple representa-
tional device; it was granted considerable theoretical
significance. For most taxonomists after Linnaeus, the
very concept of a taxon became inseparable from that
taxon’s categorical assignment, and this was refiected
in the systems of nomenclature developed by those
taxonomists. This explains why taxonomists common-
ly confused taxa and categories (Mayr 1969a; Griffiths
1976), why they placed so much emphasis on cate-
gorical assignments—as manifested in their frequent
debates about the categorical assignments of taxa
(Hennig 1969, 1981), and most importantly, why they
used a method of definition in which associations with
the Linnaean taxonomic categories are fundamental to
the meanings of taxon names.

Because the theoretical significance granted to Lin-
nacan categorical assignments is most evident in Lin-
naean taxonomic definitions, it is not surprising that a
conflict between the Linnaean hierarchy and the prin-
ciple of descent has arisen in the area of nomenclature.
This conflict arises because systems of nomenclature
based on the Linnaean hierarchy effectively grant more
importance to the association of a name with one of
the Linnaean categories than with a unit of common
descent (de Queiroz and Gauthier 1994). Although res-
olution of this conflict does not require total elimina-
tion of the Linnaean hierarchy from taxonomy, it does
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require nearly complete restructuring of the nomencla-
tural systems in current use, replacing the Linnaean
hierarchy with the principle of descent as the basis for
those systems. A consequence of this change is that
the significance of the Linnaean hierarchy will be
greatly reduced. The Linnaean hierarchy will become
irrelevant to nomenclature, and in so becoming, it will
lose most of its former implicit theoretical signifi-
cance. Fortunately, this fate seems appropriate.

In Linnaeus’s time and for nearly 100 years after-
ward, the theoretical significance granted to the Lin-
naean hierarchy was not unreasonable. At that time, it
was at least conceivable that life’s diversity was or-
ganized into a fixed number of discrete hierarchical
levels, which might have been designated by the cat-
egories of the Linnaean hierarchy. Alternatively, if
taxa were merely artificial collections of organisms,
then the number of categorical levels could be dictated
solely by convenience. After acceptance of the prin-
ciple of descent, however, the interpretation of taxa as
evolutionary units rather than artificial collections of
organisms directly contradicted the latter position and
made the position untenable. The continuity of descent
and the presumed frequent and continual branching of
phylogeny contradicted the notion of a fixed number
of discrete hierarchical levels; certainly, the possibility
that the hierarchical structure of life’s diversity could
be fully accommodated with seven or even 100 taxo-
nomic categories became inconceivable. Consequent-
ly, although taxonomists after Darwin have continued
to grant considerable implicit significance to the Lin-
naean categories through their use of Linnaean defi-
nitions, they have explicitly called the significance of
those categories into question. Specifically, they have
acknowledged that the assignment of Linnaean cate-
gorical ranks, particularly above the species level, is
subjective, arbitrary, and artificial (e.g., Simpson 1961;
Davis and Heywood 1963; Mayr 1969a).

In this context, one of the most important outcomes
of the evolutionization of taxonomy was that it effec-
tively proposed alternative taxonomic categories of
greater theoretical significance. By equating species
with evolving population lineages, the New System-
atics replaced an artificial category with a evolution-
arily meaningful one. Because that new category was
given the same name, *“‘species,” the species category
became natural—or at least theoretically significant.
Similarly, by equating higher taxa with clades, groups
of species united by common descent, Phylogenetic
Systematics identified another evolutionarily meaning-
ful category. Because that category was given a dif-
ferent name, ‘‘clade,” the higher Linnaean categories
did not thereby become natural or theoretically signif-
icant; instead, they remained arbitrary ranks assigned
to entities of a single kind, though now the entities
themselves became natural—or at least theoretically

de Queiroz

ALISO

significant. This change also emphasized the distinc-
tion between the natural higher taxa and the artificial
Linnaean categories to which they were assigned.

As biological taxonomy has progressively refor-
mulated its basic concepts and principles to reflect an
ever more fully evolutionary world view, it should
have become apparent that the significant taxonomic
categories are not Kingdom, Division, Class, Order,
Family, Genus, and Species (in the Linnacan sense);
the significant categories are clade and species (in the
evolutionary sense). The taxa that make up these cat-
egories exist at a multitude of hierarchical levels, far
too many to be accommodated by the standard Lin-
naean hierarchy, and their names can only be ade-
quately defined through explicit reference to common
descent. Now that we have figured out what are the
theoretically significant taxonomic categories, as well
as how to reformulate our nomenclatural systems to
make them consistent with those categories, the im-
portance of the Linnaean hierarchy has been reduced
to the point where we must seriously consider whether
it is worth retaining. The Linnaean hierarchy has be-
come obsolete.
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APPENDIX.
A PROPOSAL TO ELIMINATE REDUNDANCY IN PLANT TAXON NAMES
BASED ON PHYLOGENETIC DEFINITIONS

The distinction between node-based and stem-based definitions
(Table 2) can be used to eliminate an inconsistency in the Botanical
Code (IBC 1994) involving redundant taxon names. One of the basic
principles of the Botanical Code, Principle IV, states that each tax-
onomic group can bear only one correct name. However, the Code
tolerates several exceptions to this basic principle in the form of
alternative names, such as “Asteraceae” and “Compositae”, “Po-
aceae” and “‘Gramineae”, and five other pairs, sanctioned under
Article 18. A useful way to eliminate this redundancy, yet preserve
all the names, would be to use a node-based definition to define one
name of each pair as designating a crown group and a stem-based
definition to define the other as designating the more inclusive clade
including both the crown and its extinct relatives. Zoologists have
adopted a similar convention for comparable cases, such as those of
“Anura” (frogs) and “‘Salienta” (Anura and its extinct relatives),
“Caudata” (salamanders) and “Urodela” (Caudata and its extinct
relatives), and ‘“Gymnophiona” (caecilians) and “Apoda” (Gym-
nophiona and its extinct relatives) {(e.g., de Queiroz and Gauthier
1992; Cannatella and Hillis 1993; Ford and Cannatella 1993). As
for which name should be used for which clade, one alternative
would be to tie the names whose suffixes conform with those of
other taxa traditionally ranked as families (i.e., those ending in
“-aceae”), as well as the names of those other taxa, to crown clades.
The names whose suffixes do not conform (i.e., those ending in
““-ae”’) would then be tied to the more inclusive clades consisting
of the crowns plus all extinct plants that share a more recent com-
mon ancestor with those crowns than with other extant plants. The
obvious advantage of this alternative is consistency in the endings
of the names in terms of their reference to crown versus stem clades,
On the other hand, if the names with nonconforming endings are
judged to be more widely known and used, then it might be pref-
erable to use those names for the appropriate crown clades following
the reasoning of de Queiroz and Gauthier (1992).



