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Abstract
According to contemporary understanding of the universal tree of
life, the traditionally recognized kingdoms of eukaryotic organisms—
Protista, Fungi, Animalia and Plantae—are irregularly interspersed
in a vast phylogenetic tree. There are numerous groups that in any
Linnaean classification advised by phylogenetic relationships (i.e.
a Hennigian system) would form sister groups to those kingdoms,
therefore requiring us to admit them the same rank. In practice, this
would lead to the creation of ca. 25-30 new kingdoms that would
now be listed among animals and plants as “major types of life”.
This poses problems of an aesthetic and educational nature. There
are, broadly speaking, two ways to deal with that issue: a) ignore the
aesthetic and educational arguments and propose classification sys-
tems that are fully consistent with the Hennigian principles of phylo-
genetic classification, i.e. are only composed of monophyletic taxa;
b) ignore Hennigian principles and bunch small, relatively uncharac-
teristic groups into paraphyletic taxa, creating systems that are more
convenient. In the paper, I present the debate and analyze the pros
and cons of both options, briefly commenting on the deeper, third

resolution, which would be to abandon classification systems entirely.
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Recent advances in eukaryotic classification and phylogeny are com-
mented in the light of the philosophical question of the purpose and
design principles of biological classification systems.
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ver since Linnaeus formalized biological classification in his

Systema Naturae (Linnaeus, 1788), there is the unresolved prob-
lem of how exactly should new taxa be created, and, more specifi-
cally, into how many subtaxa should higher-rank taxa be split. For
instance, is there a convincing reason why there should be, say, 43
orders of ray-finned fish (class Actinopterygii), but only 3 orders of
leeches (class Hirudinea)? Are there any objective arguments for one
arrangement over another, or is it purely a matter of taste? There is
a considerable body of work in philosophy of biology that discusses
such issues (see Hull, 1965; 1970; Schuh and Brower, 2011 and es-
pecially Mayr and Bock, 2002).

While ongoing changes at lower ranks (i.e. species, genus, family
and order) are of high importance to specialists, the public is much
more likely to encounter changes at the higher ranks (from class up).
Of special importance is the traditionally highest category of king-
dom (now partially superseded by domain—see below) which delin-
eates major “types of life” and is of enormous educational and heuris-
tic value (Copeland, 1938; Cavalier-Smith, 1981). For centuries there
has been slow incremental change in the classification of life at the
level of kingdom. In the recent two decades, however, the rapidly in-
creasing knowledge of the general topology of the universal tree of

life, lead to the realization that traditionally distinguished kingdoms
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are interspersed in a thick “bush” of major branches (see e.g. Bal-
dauf et al., 2000). In this paper, I wish to analyze this situation, with
special attention to the structure of the eukaryotic tree of life.

1. The rank of kingdom

In biological systematics, starting from Linnaeus, the rank of king-
dom has long been the highest of all taxonomic ranks. In Linnaeus’
Systema Naturae, there were 3 of them—the animal, plant and min-
eral kingdom (Linnaeus, 1788), and the division of all living things
into two kingdoms was retained in biology for a long time. Only re-
cently the even higher rank of domain was introduced by Carl Woese
(Woese, Kandler and Wheelis, 1990), who intended to accentuate the
special character of Archaea, famously identified by him and George
Fox (Woese and Fox, 1977) to be fundamentally different from both
bacteria and eukaryotes; although it has been recently suggested that
eukaryotes actually evolved from archaea (Williams, Foster et al.,
2013). Even in Woese’s 1990 revision, however, three “primary king-
doms” were named with the idea that the rank of kingdom remains
the basic level at which major “types of life” are to be identified.

The number of the kingdoms of life discerned by biologists
changes through time rather slowly. A contemporary student of both
introductory and advanced biological texts is almost certain to en-
counter the following:

e cither a single kingdom of bacteria, variously called Prokary-
otae, Bacteria or Monera, or, in a more modern variation, two
kingdoms: the so-called true bacteria (Eubacteria, sometimes
Bacteria) and the archaeans (Archaea, sometimes Archaebac-

teria);
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o the single kingdom of protists (usually Protista or Protoctista),
which encompasses all eukaryotes not belonging to the three
multicellular kingdoms (see below); in some modern sources
(Ruggiero et al., 2015) there is a separate kingdom Chromista
encompassing a large monophyletic subgroup of protists, in-
cluding brown algae which are large, multicellular and quite
complex;

e the three multicellular eukaryotic kingdoms: plants (Plan-
tae, sometimes Viridiplantae), animals (Animalia, sometimes

Metazoa) and fungi (Fungi, sometimes Mycota).

Note that the list is quite conservative, but the number of kingdoms
slowly increases. Plants and animals are the two original Linnaean
kingdoms of life. Protists were argued to be a separate kingdom by
Ernst Haeckel in (1866). Bacteria were given a separate kingdom in
1938 (Copeland, 1938) and, interestingly, the fungi have been pro-
posed as a kingdom separate from plants only in 1969 (Whittaker,
1969). The distinct kingdom for Archaea, as mentioned, was pro-
posed in 1977 and Thomas Cavalier-Smith first proposed elevating
Chromista to the rank of kingdom in (1981).

Arguably, the most common variant found in introductory texts is
the one with five kingdoms: Bacteria, Protoctista, Plantae, Animalia,
Fungi, and this very division has been employed in the highly influ-
ential popular book by Lynn Margulis and Michael Chapman, King-
doms and Domains (2009), which has become an authoritative source
on biological megasystematics. In a recent proposal of a comprehen-
sive classification of life, down to the level of order (Ruggiero et
al., 2015), there are seven kingdoms: Archaea/Archaebacteria, Bac-
teria/Eubacteria, Protozoa, Chromista, Fungi, Plantae and Animalia.

This proposal is a consensus view of over 3000 taxonomists (!) and
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is likely to become the standard point of reference for professional
biologists for years to come, even though it has been criticized, es-
pecially with regard to specific taxonomic decisions (e.g. Tedersoo
et al., 2018).

All in all, based on that quick review, it may seem that a gen-
eral view of the diversity of life, and its representation in biological
taxonomy, is now more or less understood, and major changes to the
number of kingdom occur rarely. In reality, it is not that simple. In
the past decades there has been considerable controversy surrounding
the number and identity of the highest ranks in systematics, and the
summary presented above might be termed the “conservative view”
by some. In fact, there are sources claiming that 11-12 prokaryotic
kingdoms (Petitjean et al., 2014) and 20-27 eukaryotic kingdoms
(Pawlowski, 2013; Tedersoo, 2017) should be distinguished.

The purpose of the present paper is to identify the cause of that
confusion and its possible resolutions, using mostly examples related

to the eukaryotic tree of life.

2. Paraphyletic taxa and classification systems

Starting from Darwin himself, it has become increasingly clear
that biological systematics must somehow portray evolutionary pat-
terns. This was formalized in Willi Hennig’s Phylogenetic System-
atics (1966) where the now-ubiquitous concepts of symplesiomor-
phy, synapomorphy and convergence, and the corresponding types
of taxa—paraphyletic, monophyletic and polyphyletic—were formal-
ized. Hennig forcefully argued that valid taxa should only be mono-

phyletic groups, i.e. (true) clades, that is groups of species composed



208 tukasz Lamza

of all descendants of a given species, possessing a common deriva-
tive character (synapomorphy). In the science of cladistics this has
since become gospel.

While admirable, this prescription leads to “taxonomical infla-
tion” as more and more taxa are identified. Before we illustrate it
with an example relevant for the present study, let’s consider a case
with more familiar taxa.

Vertebrates (subphylum Vertebrata of phylum Chordata) are di-
vided into a number of classes. A popular list of vertebrate classes
that you may hear even from a child (the specific reason for mention-
ing children in this context will be given below) is as follows: fish,
amphibians, reptiles, birds and mammals. A better-educated person
might cite the current scientific consensus that “fish” should be ac-
tually split into a number of separate classes: hagfish (Myxini), lam-
preys (Hyperoartia), cartilaginous fish (Chondrichthyes), ray-finned
fish (Actinopterygii) and lobe-finned fish (Sarcopterygii), the reason
being that “fish” is actually a paraphyletic grouping. This prescrip-
tion to discuss five types of fish, which a layperson may identify as
unnecessary and confusing (why five classes of fish and just one class
of birds?), is a first sign of what happens when one attempts to divide
a given taxon into monophyletic subtaxa.

If one were to portray the abovementioned vertebrate classes on
a phylogenetic tree, something like Fig. 1 might be a reasonable rep-
resentation of actual relationships.

This is, however, yet another simplification. A more careful anal-
ysis of any segment of the vertebrate phylogenetic tree will reveal
that in between the well-known groups there are numerous groups,
usually extinct, that would all require classes of their own, if the bor-

dering taxa are given the rank of class—consult Fig. 2.
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Reptilia
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Amphibia
Sarcopterygii
Mammalia

Actinopterygii

Chondrichthyes

Hyperoartia
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VERTEBRATA

Figure 1: A highly simplified, and ultimately wrong, phylogenetic tree of
extant vertebrates that attempts to include only the extant classes of subphy-
lum Vertebrata. The ‘comb’ represents the area magnified in Fig. 2. It is
clear that one cannot map a ranked classification of extant vertebrate classes
onto a valid phylogenetic tree, especially because of the existence of extinct
groups. Specifically, it is impossible to validly represent the actual relation-
ships between (paraphyletic and now obsolete) Reptilia and Aves (which
nest within reptiles).

It is clear that in order to divide the taxa listed in Fig. 2 into
classes, one would have to give each genus presented in that figure its
own high-level taxon (here: most likely class). The alternative is ac-
cepting paraphyletic taxa, for instance by grouping all stem tetrapods
(Tiktaalik. . . Crassigyrinus) in a single class. It clearly goes against
phylogenetic systematics, which is usually defended by biologists
working with specific groups of organisms as the only method of cre-
ating taxonomies that is commensurate with the theory of evolution
(see e.g. Williams and Kociolek, 2007).
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+Crassigyrinus

+Colosteus
+Whatcheeria
+lchthyostega

+Acanthostega Tetrapoda
+Ventastega (incl. Amphibia,
+Elginerpeton E‘Zﬂﬁiﬁ;ra)
I
+Tiktaalik

Actinistia

SARCOPTERYGII

Figure 2: A slightly more realistic representation of a segment of the verte-
brate phylogenetic tree, based on (Swartz, 2012) (with many taxa removed,
most notably a large group of early sarcopterygians, denoted by an ellipsis).
The improvement over Fig. 1 is mostly in that: a) the term Sarcopterygii is
now correctly represented to also include all tetrapods, while in common
usage, represented in Fig. 1, it refers only to coelacanths (which belong to
Actinistia) and lungfish (which belong to Dipnoi); b) a number of extinct
(marked by a cross) genera are presented.

There are ways to avoid that, one of which is the so-called se-
quencing convention proposed by Nelson (1972) and developed by
Wiley (1981) and others, which partly automates the ranking process
in various branches of the phylogenetic tree. But for new, let’s as-
sume that we want to hold on to strict Hennigian principles; what
would be the consequences? Quite simple: the necessity to create a
complete system of monophyletic taxa, in case of vertebrates, would
lead to the erection of tens, if not hundreds, classes of vertebrates

which defeats the simplifying purpose of classification. Another so-
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lution would be to erect a large number of taxa of intermediate rank—
this has been done, for example, by McKenna & Bell in their influen-
tial classification of mammals (1997):

e class Mammalia

o subclass Prototheria

o subclass Theriiformes

x infraclass +Allotheria
x infraclass +Eutriconodonta

x infraclass Holotheria

e superlegion +Kuehneotheria

e superlegion Trechnotheria
o legion +Symmetrodonta
o legion Cladotheria
* sublegion +Dryolestoidea

* sublegion Zatheria

e infralegion +Peramura
e infralegion Tribosphenida

It is worth noting that the authors of that classification are pale-
ontologists and their system is clearly intended as an answer to the
problem of finding a proper taxonomic space for extinct groups. As
a result, a staggering number of ranks were created. In “core Lin-
naean” taxonomy classes are composed of orders, i.e. class and order
are neighboring ranks. In McKenna & Bell’s system one will find
between them: subclasses, infraclasses, superlegions, legions, suble-
gions, infralegions, supercohorts, cohorts, magnorders, superorders,

grandorders and mirorders. The term “taxonomic inflation” may thus
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have two meanings: the creation of an impractically large number of
equally-ranked taxa and the creation of an impractically large num-
ber of ranks.

Let’s now discuss these two alternatives in more detail.

3. The solutions

Solution I: classifications with only monophyletic taxa

As mentioned above, strictly adhering to Hennig’s prescription
to accept only monophyletic taxa leads to “taxonomic inflation”—
which seems to go against the aesthetic intuition of those biologists
who dread the idea of splitting a given, let’s say, phylum, into 50
classes (Cavalier-Smith, 1998).

Surprisingly, the solution that has been commonly employed is
to do something perhaps even more drastic: to drop altogether the
Linnaean “logic” of classification which is based on the simple idea
that taxa of a given rank are divided into a number of subordinate
taxa of the same lower rank—i.e. kingdoms are divided only into
phyla; phyla are divided only into classes; classes only into orders
etc. In other words, every order belonging to a given phylum must
also belong to a certain class (or, in some cases, be included as incer-
tae sedis, i.e. temporarily awaiting class attribution). In many modern
classifications, however, there are missing ranks. As an example, con-
sider the classification of vertebrates presented by the eminent pale-
ontologist Michael Benton in his Vertebrate Palaeontology (Benton,
2014, p.433nn):
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e superclass Tetrapoda:
o family Elginerpetontidae
o Ventastega
o Acanthostega
o Ichthyostega
o Tulerpeton
o family Colosteidae
o family Crassigyrinidae
o family Whatcheeriidae
o family Baphetidae
o class Neotetrapoda [where amphibians, reptiles, birds and mam-

mals can be found—L.L.]

This is a remarkable solution. Note that it clearly opposes the
centuries-old tradition, formalized by Linnaeus, to create consistent,
complete hierarchies. Here we have a superclass that is composed of
a single class, 5 families and 4 genera.

The missing ranks may look unsettling at first, but this conven-
tion is quickly gaining popularity, as it seems to offer a welcome
rescue from the otherwise inescapable alternatives discussed in the
previous paragraph. A recent classification of eukaryotes, published
first in 2005 (Adl, Simpson, Farmer et al., 2005), then in a revised
form in 2012 (Adl, Simpson, Lane et al., 2012), employs precisely
that methodology. Note that this is an extremely well-respected clas-
sification, created by a consortium that includes world-class experts
in eukaryotic diversity (such as Alastair Simpson or Sergei Karpov).
The pair of papers is now amongst the most oft-quoted articles in the
field, which means in practice that it is now a point of departure in
any discussion of eukaryote classification.

In both papers the ranks are altogether dropped. Curiously, the
taxa are presented in a semi-ordered hierarchical form where sub-
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ordinate taxa are given more black dots. For instance, in the earlier

paper (Adl, Simpson, Farmer et al., 2005) the group Opisthokonta is

presented as follows (numerous taxa have been omitted):

OPISTHOKONTA

e Fungi

ee Basidiomycota

ee Urediniomycetes
ee Ustilaginomycetes
ee Ascomycota

eee Neolecta

eee Taphrinomycotina

e Mesomycetozoa
ee Aphelidea

ee Corallochytrium
ee Capsaspora

ee Ichthyosporea
ee Ministeria

ee Nucleariida

e Choanomonada
e Metazoa

ee Porifera

eee Silicispongia

eeee Hexactinellida

eeee Demospongiae (..

2

Let’s note a few properties of this classification method. First

of all, the four main groups of Opisthokonta (the ones with a single

dot, i.e. fungi, mesomycetozoans, choanomonads and animals) are,

to the best of current phylogenetic knowledge, monophyletic. This

makes them perfect for the role of taxa in an openly Linnaean sys-
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tem, that is at the same time in line with Hennig’s rules of phyloge-
netic classification. The taxa with the same number of dots, however,
represent radically different ranks in previously published classifica-
tions. The group Mesomycetozoa, as presented here, is composed
of three genera (Corallochytrium, Capsaspora and Ministeria), two
classes (Aphelidea and Ichthyosporea) and one order (Nucleariida).
One might of course erect classes for all of them, which however,
often leads to taxonomic inflation, as mentioned in the previous sec-
tion.

Let’s now specifically discuss the problem of kingdoms. If we
hold on to the idea that equal “ranks” in the classification by Adl
et al. should be given equal Linnaean ranks, we would be forced
to create two additional kingdoms Choanomonada and Mesomyceto-
zoa, that would be placed alongside Fungi and Metazoa/Animalia in
the, most likely, superkingdom Opisthokonta (plus other kingdoms
in other superkingdoms). That is, in fact, a fairly popular point of
view, expressed for instance by Tedersoo (2017), who includes king-
doms Choanoflagellozoa (essentially synonymous with Adl et al.’s
Choanomonada) and Ichthyosporia (Ichthyosporea is a synonym of
Mesomycetozoa in many classification systems). It is worth noting
that Tedersoo’s system might be thought of as a good demonstra-
tion of what happens if one attempts to create a Linnaean system
adhering to Hennigian constraints, based on modern understanding
of eukaryotic phylogeny (the classification by Adl et al. is listed by
Tedersoo as one of his main sources of information). The result? His
system has 32 eukaryotic kingdoms. Let’s cite his own opinion on
that fact: “In the proposed classification, the erection of 32 eukaryote
kingdoms certainly catches and, perhaps, scratches the eye. I found
adoption of multiple kingdoms necessary to follow the monophyly

principle [...]” (Tedersoo, 2017, p.8).
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Note that Adl et al. themselves stand against such practices,
calling such artificially created higher-level taxa “superfluous” (Adl,
Simpson, Lane et al., 2012, p.430), therefore openly arguing for clas-

sification with missing taxa.

Solution II: classifications with paraphyletic taxa

The most vocal contemporary proponent of that solution is prob-
ably Thomas Cavalier-Smith, a controversial figure among micro-
biologists, who, however, is at the same time undoubtedly one of
the most influential personas in the field of eukaryotic systematics.
His contributions include the early recognition, and naming, of Ex-
cavata, Opisthokonta, Rhizaria and Chromista—all of them being
now largely accepted, and the latter three: most likely monophyletic,
mega-grouping of eukaryotes. In his proposed classification of life
(with six kingdoms) (Cavalier-Smith, 1998) there is a long section on
“philosophical preliminaries”, where the necessity for admitting para-
phyletic taxa is forcefully defended. His two main arguments against
the Hennigian requirement to limit taxa to clades are as follows:

1) It leads to instability. Each new discovery in biology—be it
a paleontological or molecular novelty, or simply the discovery of a
new species or a reinterpretation of anatomical data—may lead to the
reassessment of a monophyletic taxon as paraphyletic, which would
force the biologists to update classification systems. In practice it
would mean hundreds, if not thousands, of revisions every year.

2) It is not practical. Let’s quote Cavalier-Smith himself:
“Whether a taxon is paraphyletic or not is irrelevant to its validity
as a taxon. It is also irrelevant to many of the uses to which classifica-

tions are put, such as arranging specimens in a museum, organising
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the chapters in a biology textbook, or providing a convenient label,
e.g. bacteria or fungi, for a group of similar organisms” (Cavalier-
Smith, 1998, p.212).

As aresult, Cavalier-Smith for about two decades has become an
active opponent of Hennigian classification, especially in the field of
microbiology. Every year or two he proposes a new system of classi-
fication, sometimes general, most often specific to a group of eukary-
otes (Cavalier-Smith, 2002; 2013; 2016), usually being a carefully
crafted compromise between contemporary phylogenetic knowledge
and practicality. His 1998 system (Cavalier-Smith, 1998) has six
kingdoms:

e empire/superkingdom Prokaryota*

o kingdom Bacteria* [note: Archaebacteria are to be

found here, as an infrakingdom]
e empire/superkingdom Eukaryota

o kingdom Protozoa*
* subkingdom Archezoa*

* subkingdom Neozoa*

o

kingdom Animalia

o

kingdom Fungi

o

kingdom Plantae

o]

kingdom Chromista

All openly paraphyletic (‘“almost certainly paraphyletic” in his own
words) taxa are marked with an asterisk. It is interesting to note that,
while Cavalier-Smith openly opposes Hennigian phylogenetic sys-
tematics, his “illegal” taxonomies are highly popular. A quick look
into any contemporary paper on eukaryotic systematics will reveal a
number of high-level taxa formally defined by Cavalier-Smith, many
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of them known or suspected to be paraphyletic. The reason is simple:
his classifications are extremely convenient, because they are invari-
ably composed in such a way as to include only a minimal number
of taxa and ranks which are usually monophyletic, but sometimes
are paraphyletic if that makes for a convenient system. The reader is
referred to the above-cited paper (Cavalier-Smith, 1998) where his
philosophy of biological classification is explained in detail.

On a side, and probably more personal, note: the zoologists read-
ing this paper may find it interesting to go through his proposed clas-
sification of the animal kingdom (Cavalier-Smith, 1998, pp.235-237)
which offers, in the opinion of the author of this paper, a refreshing
look at the list of animal phyla. As currently recognized, there is
somewhere around 30-35 phyla—consult any modern textbook on
zoology—that only recently began to be grouped into a few large
monophyletic groups, such as Spiralia, Ecdysozoa or Deuterostomia.
Other than that, there is a confusing diversity of tiny phyla, most
of them unknown to the general public: how many non-zoologists
know of Kinorhyncha, Loricifera, Gnathostomulida (jaw worms) or
Acanthocephala (spiny-headed worms)? Cavalier-Smith groups all
animals into 22 phyla—still a long list, but, especially with the aid of
his clear, succinct diagnoses, is much more manageable. The classi-

fication includes some, but rather few, paraphyletic taxa.

Solution lll: abandon classification systems

The third solution would be to run away from the problem, so to
speak, and refrain from explicitly writing down classifications, and
discuss biological diversity through phylogenetic trees only. This has

been proposed from time to time by certain scientists and philoso-
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phers (the proposal has been reviewed and critiqued by Michael Ben-
ton (2000)). While reading biological literature, one finds this senti-
ment expressed from time to time, especially by specialists working
with rapidly changing classification systems. There is a fascinating,
heated dialogue that ensued during the 1970 First International Con-
ference on Ephemeroptera, recorded in this conference’s proceedings
(Peters and Peters, 1973, pp.151-154), where a group of entomolo-
gists become increasingly frustrated by their inability to create a clas-
sification system based on the otherwise clear phylogenetic evidence
presented by one of the participants (Edmunds Jr, 1973). In fact, all
the problems discussed in this paper with regard to higher ranks are
mentioned during that discussion, which is about families, subfami-
lies and genera of Ephemeroptera, which makes for a great read.

There are at least two large groups in biology that have aban-
doned updating the classification of the organisms they are working
with: botanists working with flowering plants and malacologists.

In the first case, one would be hard-pressed to find a recent au-
thoritative classification of flowering plants, because the focus of the
communal effort has long been the creation of better and better phy-
logenies, not taxonomies. The Angiosperm Phylogeny Group regu-
larly publishes the new view on plant phylogeny, employing formal
taxa only to the level of order (see e.g. Chase et al., 2016). All the
higher-rank taxa are abandoned, and no higher-rank taxonomies are
officially accepted by APG.

The exactly same process had happened in the field of malacol-
ogy, where for years there were no formal definitions of gastropod
taxa above the level of superfamily (see Bouchet and Rocroi, 2005).
Interestingly, the situation visibly upset some of the workers in the
field who started spontaneously grouping the newly defined fami-

lies and superfamilies into orders, those into superorders, subclasses
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etc. Last year in a revision of the 2005 classification (Bouchet, Ro-
croi et al., 2017), the authors surrendered and included higher-ranked
taxa, although the system is now very “messy’’: it includes numerous
intermediate-level ranks that correspond to the unranked clades in the
previous classification—there are classes, subclasses, infraclasses,
cohorts, subcohorts, superorders, orders, suborders and infraorders
in the system, plus a handful of openly paraphyletic “grades”. The
struggle of malacologists to bring back Linnaean classification into
the world of Hennigian unranked lists a la Adl et al. leads to exactly
the same problems that were discussed in the previous sections.

The case of gastropod classification illustrates, however, that
even specialists working in very narrow fields need balanced ranked
classification systems. It is not only for the purposes of educating
the young, writing books or organizing museum expositions that we
need neat, logical classifications with no missing ranks and a small
number of distinctive, easy to remember taxa. The specialists need
them too. The option to abandon classification systems seems to be
not viable, especially that it is both trivial and tempting to create a
list of clades from a phylogenetic tree, adding ranks to some or all
taxa, which would be a de facto classification, just like Benton did in

his Vertebrate Palaeontology.

4. Summary

Our increasing knowledge of biodiversity, especially in the case of
microbiology, both prokaryotic and eukaryotic, will inevitably lead
to the escalation of the problems presented in this paper. Because
it doesn’t seem plausible that classification systems will be alto-

gether abandoned (which would leave us only with phylogenetic
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trees, sometimes presented as unranked lists), it seems that we must
somehow solve the problem of creating classification systems in the
times of abundant phylogenetic data.

Broadly speaking, there seem to be two directions that one might
take: 1) to follow phylogenetic data to the letter; 2) to follow intuition
and convenience. Simply put, the option 1) would mean having only
proper monophyletic taxa, but a highly impractical system; and the
option 2) would mean having also paraphyletic taxa and a system
that is practical.

In the special case of eukaryotic kingdoms, the first route would
lead to a revolution in biological classification of life and numerous
kingdoms currently unknown to the general public would be intro-
duced (Tedersoo, 2017), such as Oxymonada, Breviatea or Filaste-
riae, that would now be listed alongside plants, animals and fungi
as “major types of life”. Alternatively, one might drop the traditional
kingdoms altogether and define the currently recognized eukaryotic
“supergroups” (e.g. Keeling et al., 2005) as kingdoms, and what we
know recognize as kingdoms would have to be downranked into sub-
kingdoms or “microkingdoms” (Pawlowski, 2013). This would be

the resulting classification:

e kingdom Excavata

e kingdom Amoebozoa

e kingdom Opisthokonta (incl. fungi and animals)
e kingdom Archaeplastida (incl. plants)

e kingdom Rhizaria

e kingdom Alveolata

e kingdom Heterokonta

Obviously, this would not solve the problem, if one would stubbornly

keep on sticking to Hennigian rules. First of all, Excavata may be
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paraphyletic (He et al., 2014), in which case we would have to split
it into monophyletic groups, resulting in a classification system alike
to this:

o kingdom Euglenozoa (former Excavata)

e kingdom Heterolobosea (former Excavata)

e kingdom Jakobea (former Excavata)

e kingdom Metamonada (former Excavata)

e kingdom Amoebozoa

e kingdom Opisthokonta (incl. fungi and animals)
e kingdom Archaeplastida (incl. plants)

e kingdom Rhizaria

e kingdom Alveolata

e kingdom Heterokonta

Secondly, there is at least a dozen groups of eukaryotes that don’t
fit neatly into any of the supergroups, including Tsukubamonas and
Malawimonas, Cavalier-Smith’s Varisulca, Apusozoa, but also much
better-known groups such as Cryptophyta or Haptophyta. Conse-
quently, in Tedersoo’s system, there are kingdoms Malawimonada,
Tsukubamonada, Apusozoa, Cryptista and Haptista which brings us
to square one. Obviously, replacing traditional kingdoms with eu-
karyotic supergroups is not a solution.

The second option—to retain the general structure of the present
classification of life into kingdoms—is not fully satisfactory, either,
because the old kingdom Protozoa is now known to be a large,
highly structured group that deserves proper recognition and can’t
be rightfully treated as an unstructured bunch of “amoeba and such”
(see Patterson, 1999). Its representatives have very little in com-
mon with each other and include multicellular forms similar to

fungi (mycetozoan slime molds, acrasids) and plants (brown algae),
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single-celled large predatory heterotrophs (ciliates), intracellular par-
asites (kinetoplastids) and endosymbionts (syndineas); colonial filtra-
tors (choanoflagellates), multinucleate “superamoebae” (labyrinthu-
lomycetes) and tens of other forms. Small steps, such as Cavalier-
Smith’s proposal for the kingdom of Chromista, might be seen a sign
of a more conservative process of a slow, incremental change, not
dictated by blind adherence to formalized ideals, but rather by educa-
tional values.

At the moment it is uncertain which approach will dominate, but
it’s clear that creating a top-level classification of life congruent with
our contemporary knowledge of eukaryote phylogeny will require us
to resign from at least some philosophical principles of biological

systematics.
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