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Abstract

Besides his contributions to phylogenetic systematics, to research on flatworms and to the interstitial fauna and environment,

the three volume book series ‘Multicellular Animals’ (German title: Das System der Metazoa) are one of the main outputs of Peter
AXx’s scientific career. This article tries to reconstruct how the interest in metazoan systematics grew in Peter Ax. Additionally,
some process in animal systematics, which took place around the publication date of Ax’s books is reviewed to estimate its
importance. Finally, some selected hypotheses from the ‘Multicellular Animals’ are compared with current hypotheses.
Between 1995 and 2001, Peter Ax published three volumes of his book ‘Das System der Metazoa’ (Ax 1995, 1999, 2001)
(English translation ‘Multicellular Animals™ Ax 1996, 2000, 2002). These volumes constitute a unique approach to systematize
the multicellular animals according to the principles of phylogenetic systematics. These principles were developed by Willi
Hennig (e.g. Hennig 1950, 1966) and elaborated by Ax (1984, 1988). This text is the attempt to outline Peter Ax’s relation to
metazoan systematics by asking three questions: 1. Where did Ax’s interest in metazoan systematics come from? 2. How are the
three books embedded in a historical context? 3. How did selected phylogenetic hypotheses develop since the publication of the

books?
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1. Where did Ax “s interest in
metazoan systematics come from?

After starting to study biology in Hamburg, Peter Ax
soon changed to the University of Kiel, where he became
associated with the Zoologist Adolf Remane (see Xylander
2013, Bartolomaeus 2014, Reise 2014, Schaefer 2014,
Schmidt-Rhaesa 2014, Westheide 2014 for obituaries and
biographic data). Remane had a strong interest in animal
systematics (see, e.g., Remane 1956, 1957, 1961a; see
Weigmann 1973 for the entire reference list of Remane)
and had an excellent knowledge in zoology, especially
in marine animals. In the 1920s he had discovered that
sandy marine sediments harbour a distinctly wider animal
diversity than previously expected (e.g. Remane 1933,
1952a, Remane & Schulz 1934, 1964). This marine,
benthic community, the interstitial fauna or meiofauna,
was a main research focus of him and his students.

Peter Ax took care of the flatworms (Plathelminthes or
Platyhelminthes), a love that would hold throughout his
entire life. Ax’s first publication, which resulted from his
PhD thesis, was on flatworms from the Kiel Bight (Kieler
Bucht, Germany) (Ax 1951), but he soon extended his
range of collection localities to many places, mainly in the
Northern hemisphere. Topic ofhis habilitation thesis was an
impressive review of the proseriate taxon Otoplanidae (Ax
1956a). Many publications of flatworms had a taxonomic
or morphological background (for a small selection of
broader papers see, e.g. Ax 1954a, 1956b, 1957, 1959,
1977a, 2008) and one special focus was on flatworms
from brackish waters on the northern hemisphere (Ax
& Armonies 1987, 1990, Ax 1959, 1992, 1993a, 2008).
With his last publication at the age of 84, a description of
new species from the Bay of Biscay (France) (Ax 2011),
a circle of 60 years of publishing on Plathelminthes was
completed. Ax became, at the latest with his otoplanid
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monography (Ax 1956a), a member of the community of
flatworm researchers (Tor G. Karling, Alex Luther, Erich
Reisinger, Otto Steinbock and others), first in Europe and
later internationally. Because flatworms were assumed to
have a very basal position, they played a major role in
evolutionary models and scenaria concerning the origin
and early evolution of metazoans. Ax contributed to this
discussion starting with his publications in 1961 and
1963 and especially his reconstruction of the flatworm
‘archetype’ (today we would say ancestor) was widely
recognized (Ax 1961, 1963a).

Although being focused on flatworms, Ax must have
come during his time in Kiel into contact with diverse other
meiofaunal taxa. Adolf Remane published on polychaetes
(Remane 1925a, 1926a, 1928a, 1932, 1934a, 1949a), the
meiofaunal hydrozoan Halammohydra (Remane 1927a),
rotifers (Remane 1929-33, 1929, 1949b), kinorhynchs
(Remane 1928b, 1928-1933a, 1936a) and extensively on
gastrotrichs (Remane 1924, 1925b,c, 1926b—d, 1927b,
1928c, 1928-1933b, 1934b, 1936b, 1950, 1951, 1952b,
1961b). Remane and his working group were at that time
one of the most important working groups for meiofauna
research.

With the start of a professorship at the University
of Géttingen in 1961, Ax had the possibility to build
his own working group and to continue and extend
the investigation of the interstitial system (see, e.g.
Ax 1966a, 1969 for general publications). Some of his
publications concerned taxa other than Plathelminthes
and Gnathostomulida (see below): Edwardsia, Anthozoa
(Ax & Schilke 1964), Hesionides, Polychaeta (Westheide
& Ax 1965), Aeolosomatidae, Oligochaeta (Ax & Bunke
1967), Diurodrilus, Polychaeta (Ax 1967), Trilobodrilus,
Polychacta (Ax 1968), Arenadiplosoma, Tunicata
(Menker & Ax 1970) (for completeness, one further
publication was before 1961, on Thalassochaetus,
Polychaeta [Ax 1954b] and one was decades later, on
Turbanella, Gastrotricha [Ax 1993b]). But, besides his
own work, Ax sent out a number of students to study the
majority of meiofaunal taxa (see, e.g. Xylander 2013, Reise
2014, Westheide 2014). Usually these students published
their research in their own name, the inclusion of the
supervisor’s name, which is a standard today, was not in
fashion then. The center of this research was the tidal flat
research station in List on the island of Sylt (see Xylander
2013, Bartolomaeus 2014, Reise 2014, Westheide 2014).
In particular one small beach, conveniently located close
to the station, was intensively investigated and became
known as the ‘Hausstrand’.

The majority of results were published in a journal
series edited by Ax, the ‘Mikrofauna des Meeresbodens
(1970-1983), later renamed Microfauna Marina (1984—
1997). Taxa investigated by Ax and his students from Sylt

were: Ciliata (Hartwig 1973a, b), Acoela (Faubel 1974a,
1976a,b), Plathelminthes (Ax & Heller 1970, Sopott 1973,
Ehlers 1974, Faubel 1974b, 1976, Reise 1984, Xylander
& Reise 1984, Dittmann & Reise 1985, Wehrenberg &
Reise 1985, Armonies 1987, Armonies & Hellwig 1987,
Hellwig 1987, Noldt 1989a, b, Wellner & Reise 1989,
Ehlers et al. 1995), Gnathostomulida (Miiller & Ax 1971),
Rotifera (Tzschaschel 1979, 1980), Gastrotricha (Mock
1979, Potel & Reise 1987), Nemertini (Mock 1978),
Oligochaeta (Kosmagk-Stephan 1983), Nematoda (Blome
1974, 1982, 1983), Halacarida (Bartsch & Schmidt 1979)
and Copepoda (Mielke 1973, 1975, 1976, Herbst 1974)
(not all cited publications were under direct supervision
of Peter Ax, some were conducted by his student’s own
working groups).

In 1972 and 1973, a large grant allowed to conduct
comparative studies on remote beaches on Galapagos
(Ax & Schmidt 1973, Ax 1977b, Schmidt 1978; see also
Xylander 2013, Schaefer 2014). Publications on these
investigations covered even more taxa: Acoela (Ehlers &
Dorjes 1979), Plathelminthes (Ax & Ehlers 1973, Ax &
Ax 1974a, b, 1977, Ehlers & Ax 1974, Sopott-Ehlers &
Schmidt 1974a, b, 1975, Schmidt & Sopott-Ehlers 1976,
Ehlers & Ehlers 1981, Noldt & Hoxhold 1984, Ehlers &
Sopott-Ehlers 1989), Gnathostomulida (Ehlers & Ehlers
1973), Gastrotricha (Schmidt 1974a), Kinorhyncha
(Schmidt 1974b), Polychaeta (Westheide 1974, 1977, 1981,
Schmidt & Westheide 1977), Oligochaeta (Westheide
& Schmidt 1974, Erséus 1984), Nemertini (Mock &
Schmidt 1975), Nematoda (Clasing 1984, Blome 1985),
Harpacticoida (Mielke 1979, 1981, 1982, 1984, 1989a,b,
1997a, b), Isopoda (Coineau & Schmidt 1979), Ostracoda
(Gottwald 1983), Halacarida (Bartsch 1977, Bartsch &
Schmidt 1978) and Tardigrada (McKirdy et al. 1976)

The taxon that probably plays a key role in his
broadening interest in metazoan systematics was the
Gnathostomulida. The first gnathostomulids were
discovered in meiofaunal samples by Remane in 1928
and passed, because they were thought to represent
flatworms, to Josef Meixner in Graz (Austria) (see
Sterrer & Serensen 2015). Meixner planned to describe
these specimens under the name Remanella paradoxa
in a manuscript for the series ‘Tierwelt der Nord- und
Ostsee’ (translated: fauna of the North Sea and the
Baltic Sea), but the Second World War prevented the
publication and Meixner died in 1946. Meixner’s original
sketch of a gnathostomulid is now published in Sterrer &
Serensen (2015). From 1951 on, Ax found specimens in
the Kiel Bight, on the island of Sylt and in the Western
Mediterranean around Banyuls-sur-Mer. In 1956 he
described two species, Gnathostomula paradoxa and
Gnathostomaria lutheri, as representatives of a new
order within Plathelminthes (Ax 1956c¢).
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Gnathostomulids have a general appearance as
flatworms, but differ from these in the possession of
monociliary epidermal cells and the possession of a
complex jaw apparatus (see, €.g2. Ax 1963b, 1964, 1965).
These differences led to a kind of ‘systematic upgrading’
and Ax suggested after a few years that Gnathostomulida
should better have the rank of a class within Plathelminthes
(Ax 1960, see also Ax 1966). Again a few years later,
Riedl (1969) regarded Gnathostomulida as independent
of Plathelminthes with the hierarchical rank of a phylum.
Decades later, Ax used this ‘upgrading’ in talks to his
students as an example of the arbitrariness of hierarchical
ranks. Being first considered the describer of a new order,
he could a few years later have been proud to be the
describer of a phylum. But Ax had started to think about
phylogenetic systematics and became convinced that not
a classification with the assignment of a rank should be
the main goal of systematics, but the search for sister-
taxon relationships.

During the 70s and the early 80s, Ax’s thinking in
systematics changed from Remane’s approach to Willi
Hennig's principles of phylogenetic systematics (see
Westheide 2014), summarized in two books (Ax 1984,
1988). In 1985 Ax published a book chapter claiming
that Plathelminthes and Gnathostomulida were sister
taxa within a monophyletic taxon Plathelminthomorpha
(Ax 1985). I believe that this search for sister group
relationships was one important factor in Ax becoming
interested in a wider range of metazoan relationships.
When Gnathostomulida and Plathelminthes are sister taxa,
where do Plathelminthomorpha belong in the phylogenetic
tree? This question was treated in another book chapter
(Ax 1989) and therefore phylogenetic relationships of all
basal metazoan taxa had to be considered.

One other important factor for Ax s interest in metazoans
may have been the integration of ultrastructural research
in his working group. Although he never worked on the
electron microscope himself, his students did so and
developed a recognized expertise in this technique. For
example Ulrich Ehlers followed the research focus on
Plathelminthes into the ultrastructural realm and found a
number of new arguments for flatworm phylogeny (e.g.
Ehlers 1985). Another student, Thomas Bartolomacus,
did focus on a comparison of two organ systems, body
cavities and excretory organs, which led to a broadening
of taxa investigated by him and students in the working
group (e.g. Bartolomaeus & Ax 1992).

The change in systematic thinking towards phylogenetic
systematics also took place in teaching. Ax taught a
lecture on animal systematics which would later be called
‘the phylogenetic system of animals’. It lasted over two
semesters and presented an extensive introduction into
animal morphology and phylogeny. Ax had the ambition

to present animal systematics according to the principles
of phylogenetic systematics, but as there were not too
many such analyses published, Ax had to develop a
number of hypotheses by himself. These lectures were
unforgettable to attending students. Ax extensively used
chalk to cover the blackboard with trees, characters and
well-drawn sketches of animal structures or body plans.
He presented autapomorphies with enthusiasm and
encouraged listeners to follow the arguments and make up
their own mind. In these lectures he developed the main
core of hypotheses and arguments for the book series, for
which he only found time after his retirement to bring it
into printed form.

In summary it can be concluded that Ax’s interest in
metazoan phylogeny grew along several lines. His original
interest in Plathelminthes made him reconstruct the
flatworm archetype and the discovery of Gnathostomulida
as a taxon independent from Plathelminthes made him
search for relationships of basal metazoan taxa. This
was supported and sharpened by his growing interest in
phylogenetic systematics and his conviction that this is
the perfect tool to reconstruct phylogenetic relationships.
Ax’s research on meiofauna broadened his knowledge
in taxa other than flatworms and gnathostomulids and
all these factors made him adopt his lecture on animal
systematics constantly until he was able to present the
entire animal kingdom under criteria of phylogenetic
systematics.

2. How are the three books embed-
ded in a historical context?

Was the time ripe for the series ‘Multicellular
Animals’? Were the volumes published too early or too
late? Although such a question is difficult to answer and
contains a good portion of subjective view, I will try here
to integrate the publication of the three books in a context
of other publications and trends at that time.

First of all, Ax’s books were and still are outstanding in
their attempt to consequently present animal phylogeny
as sister group relationships, naming the appropriate
autapomorphies. Few books went and still go so far.
Nevertheless, their publication fell into a time, where
systematics changed heavily from several sides.

Phylogenetic  systematics quite slowly entered
textbooks on zoology. In Germany, the famous ‘Késtner’
volumes (Lehrbuch der Speziellen Zoologie) (e.g.
Gruner 1982, 1984) and the systematics volume in
Siewing’s two-volume ‘Lehrbuch der Zoologie’ (Siewing
1985) presented animal systematics in the traditional
classification. An exception and a kind of forerunner of
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Ax’s volumes were two small volumes called ‘Wirbellose
I’ and ‘Wirbellose II’, written as a manuscript by Willi
Hennig and published by his son Wolfgang Hennig
(Hennig 1984, 1986). Hennig listed, as Ax did later,
autapomorphies supporting the monophyly of taxa. He
did not consequently search for sister group relationships
and presented very few phylogenetic trees. Additionally,
he still kept hierarchical ranks for taxa, which Ax would
later abandon completely.

In the late 80s and early 90s, several books that
incorporated phylogenetic  systematics and were
representing broad animal phylogeny at some level became
available. These were either conference volumes such as
those edited by Conway Morris et al. (1985) or Fernholm
et al. (1989) or textbooks such as Willmer (1990), Brusca
& Brusca (1990), Ruppert & Barnes (1994), Nielsen
(1995) or Westheide & Rieger (1996). All these books
showed that phylogenetic systematics had hold entry into
textbooks, before Ax published his three volumes. The
major difference is that Ax, as has been stated above, did
not use hierarchical ranks, the ‘Linnean categories’. In
his theoretical book (Ax 1984) he convincingly argued
that such hierarchical ranks have no equivalent in nature
and therefore should not be used. Certainly many people
agreed in theory but regarded such a step as impossible in
practise. Ax demonstrated that it was possible to present
animal taxa and relationships without assigning any rank.

During the 90s, the methodological toolkit of
systematics almost exploded, starting to produce an
incredible amount of data. Computers entered the field
and allowed parsimony analyses of (better or worse)
datasets. As far as [ know, Schram’s (1991) analysis is one
of the first computer aided analyses spanning the entire
Metazoa. Analytical software continued to develop and
now is an indispensable tool in phylogenetic analyses.

The second methodological ‘explosion’ was the
development of molecular methods. It was quite clear
that phylogenetic relationships should be revealed not
only by comparison of morphological characters, but
also by comparison of protein or DNA sequences. After
a brief period of DNA hybridization (e.g. Sibley et al.
1988), the sequencing of proteins and in particular of
DNA became continuously easier and cheaper. PCR and
sequencing techniques were the main catalysators for
this development. In the competition for grant money
the molecular approaches soon were more successful
than morphological approaches, but with time it became
evident that the comparison of DNA sequences yields
similar sources of problems or error than morphological
comparisons. Nevertheless, the sequencing of single
genes in the 90s developed snowball-like into sequencing
of multiple genes, transcriptomes and genomes. One of
the first analyses of the entire metazoans (or, better, of

selected representatives that span the Metazoa), was by
Field et al. (1988) and since then numerous analyses
have been published, some of them with heavy impact on
established hypotheses.

The snowball of phylogenetic methodology and analyses
had started to roll when Ax wrote down his ‘Multicellular
Animals’, but it appears understandable that he was
not able to keep track with every new development and
decided to concentrate on morphology, which he knew
best.

3. How did selected phylogenetic
hypotheses develop since the
publication of the books?

When comparing phylogenetic hypotheses it is
important to keep in mind that there is no common sense
in animal phylogeny and therefore any analysis chosen
for comparison and any statement that a hypothesis is
generally accepted has to be taken with care. Additionally,
comparing hypotheses from different time scales must
always take the available methodology and available
background information into account. We hope, to
express it carefully, that the degree of finding correct
answers grows constantly. Nevertheless, some hypotheses
will turn out to be supported over time, others will change
over time and again others will be doubted and turn out
to be correct later or vice versa. A careful attempt can be
made to see whether Ax’s hypotheses on animal relations
have been altered to a great extent or not. Within the frame
of this article, only selected hypotheses can be reviewed.

First of all, there seems to be solid backbone in animal
phylogeny (see, e.g. Dunn et al. 2015) and major taxa
repeatedly come out as monophyletic in the vast majority
of analyses. These are Metazoa, Bilateria, Protostomia
and Deuterostomia. Along this backbone, some taxa still
keep on shifting around, others are still difficult to place
and some remain in a more or less stable place.

For the relationships of basal metazoan taxa Ax (1995)
assumed a sequential branching of the taxa Porifera,
Placozoa (Trichoplax), Cnidaria, Ctenophora and
Bilateria. While Ax (1989) had presented Cnidaria and
Ctenophora as sister taxa (Coelenterata), he later adopted
Ehlers” (1993) hypothesis that Ctenophora and Bilateria
are sister taxa, based on the fine structure of the acrosome
and also by the presence of ‘true’ myocytes. This sequential
branching of taxa has been challenged in three ways:
hypotheses on paraphyletic sponges, on monophyletic
‘Diploblasta’ and on basally branching Ctenophora.
A number of analyses found sponges (Porifera) to be a
paraphyletic taxon, with Calcarea or Homoscleromorpha
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being closer related to the remaining Metazoa than other
sponges (see Borchellini et al. 2001 as one example).
However, there is also support for the monophyly of
Porifera, in particular from more recent analyses (see
Worheide et al. 2012, 2014 for a review and more
references). Few analyses have revealed a monophyly
of the taxa with diploblastic body organization (Porifera,
Placozoa, Cnidaria and Ctenophora) (Schierwater et al.
2009, Eitel et al. 2014), but this is not supported in the
majority of other analyses. Recently, several analyses
place ctenophores as the earliest branch of Metazoa and
therefore as sister group to all remaining Metazoa. This
surprising result has severe effects on the interpretation of
character evolution, in particular concerning the nervous
system (Ryan et al. 2013, Marlowe & Arendt 2014,
Moroz et al. 2014, Ryan 2014, Jékely et al. 2015). It has
to be assumed under this scenario that either nerve cells
evolved twice or that they were present in the metazoan
ancestor and were reduced in sponges and Trichoplax.
This does also account for muscle cells, some types of
cell-cell contacts and the presence of an entoderm) (see
Ax 1995). I doubt that the last word has been spoken
here and, at least from the standpoint of plausibility of
character evolution, Ax’s scenario makes more sense
than other, more recent scenaria. Interestingly, one recent
investigation (Pisani et al. 2015) states that the basal
position of ctenophores might be the result of using
wrong parameters in the analysis and that under other,
probably more realistic parameters, sponges remain the
basal branch within Metazoa.

Within Bilateria, Ax favoured a sister group relationship
between the taxa Spiralia and Radialia (Ax 1995). On first
view, such a relationship is in strong contrast to recent
hypotheses, but this can mostly be explained by the
three most revolutionary changes in animal phylogeny
caused by molecular analyses: the changes in position of
Acoelomorpha, of tentaculate taxa and the hypothesis of
monophyletic Ecdysozoa.

Acoelomorpha, a taxon comprising the sister taxa
Nemertodermatida and Acoela, were traditionally thought
to belong to flatworms. In the phylogenetic system of
Plathelminths (Ehlers 1985, Ax 1996; see also Ax 1961,
1963a for earlier publications on flatworm systematics),
Acoelomorpha represented the second branch and sister
taxon of the Euplathelminthes. Some authors (Smith et
al. 1986, Haszprunar 1996) already pointed out that the
characters supporting the monophyly of Plathelminthes
(e.g. multiciliary epidermal and gastrodermal cells,
biciliary terminal cells in the protonephridium) were
not convincing, because such characters were either
also present in other taxa or were inconsistent among
plathelminths. Molecular analyses (see Ruiz-Trillo
et al. 2004 as one example) found support for a basal

position of acoelomorphs among Bilateria. This position
has been confirmed in a number of analyses, although
an alternative position, together with Xenoturbella (as
Xenacoelomorpha) among deuterostomes may also be
possible (e.g. Philippe et al. 2011). For the reconstruction
of the bilaterian ancestor and for hypotheses on character
evolution within Bilateria (especially the intestine,
excretory organs and the nervous system), the potential
basal position of Acoelomorpha is of great importance.

The three tentaculate or lophophorate taxa Brachiopoda,
Bryozoa (= Ectoprocta) and Phoronida were usually
regarded as closely related, though not forming a
monophyletic taxon (e.g. Ax 1999). They were often
associated with deuterostomes, mainly based on the
presence of tentacles, metanephridia and a bipartite
body organization (Ax 1999). It was surprising to see
the lophophorate taxa clustering with spiralian taxa in
molecular analyses (Halanych et al. 1985). This position
has been confirmed in general since then, although
the exact position of lophophorate taxa varies greatly,
including for example phoronids as derived brachiopods
(e.g. Cohen & Weydmann 2005), Byozoa (Ectoprocta)
and Kamptozoa (Entoprocta) as sister taxa (e.g. Struck et
al. 2014) or monophyletic Lophophorata (= Tentaculata)
(e.g. Nesnidal et al. 2013). In general, internal branches
within Spiralia are usually very short, which means that
fast evolutionary changes might be a severe problem for
reconstruction of phylogenetic relationships.

Ax assumed the taxon Spiralia to be the sister group
of Radialia. By doing so, he neglected a bunch of taxa
that were usually summarized as Nemathelminthes,
Aschelminthes or pseudocoelomates (see Schmidt-
Rhaesa 2013 for a review of the names in use and the
content of such taxa). While Brusca & Brusca still
stated in their textbook from 1990: ‘Perhaps no other
group of phyla is such a phylogenetic mystery as the
pseudocoelomates!” (Brusca & Brusca 1990, p. 888),
Lorenzen (1985) had already offered a first attempt to
recognize phylogenetic relationships. In the late 80s and
during the 90s, Ax’s working group, first under his own
advice and then continued by Ulrich Ehlers, investigated
in a series of diploma and PhD theses almost all taxa
of Nemathelminthes in detail to find new characters
for phylogenetic analyses: Volker Lammert 1986 on
Gnathostomulida, Birger Neuhaus 1991 on Kinorhyncha,
Wilko Ahlrichs 1995 on Seison and Rotifera, Andreas
Schmidt-Rhaesa 1996 on Nematomorpha, Christian
Lemburg 1999 on Priapulida and Holger Herlyn 2000
on Acanthocephala (Ahlrichs 1995, Schmidt-Rhaesa
1996, Lemburg 1999 and Herlyn 2000 published their
PhD theses with ISBN number). These theses were
supplemented by several diploma theses on the same taxa
and additionally on nematodes and gastrotrichs.
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Indeed the investigations provided a number of
ultrastructural data and supported one phylogenetic
hypothesis, which is explained in broadest detail in
Ahlrichs (1995) (see also Ehlers et al. 1996). Lorenzen's
(1985) assumption that Nemathelminthes/Aschelminthes
consisted of two monophyletic clades was supported.
One such clade consists of Gastrotricha, Nematoda,
Nematomorpha, Priapulida, Kinorhyncha and Loricifera.
Wallace et al. (1995, 1996) and Nielsen (1995) had come
in parallel to almost similar results. For the other clade,
Ahlrichs (1995, see also Ahlrichs 1997) and in parallel
Rieger & Tyler (1995) recognized that the jaws of rotifers
and gnathostomulids have a similar ultrastructure.
The common taxon, also including Acanthocephala
as related to rotifers within Syndermata, was named
Gnathifera. The later discovery of Limnognathia maerski
(Micrognathozoa) supported gnathiferan relationships
(Kristensen & Funch 2000). There is support for
Gnathifera from molecular analyses (Witek et al. 2009,
Hankeln et al. 2014, Wey-Fabricius et al. 2014).

Although his own working group had significant
share on these developments, Ax did not follow each
one of the conclusions. He did accept the monophyly
of Nemathelminthes (in the composition: Gastrotricha,
Nematoda, Nematomorpha, Priapulida, Kinorhyncha and
Loricifera) and of Syndermata, but he still regarded the
position of Nemathelminthes and also of Syndermata
as questionable and did not accept the sister group
relationship between Gnathostomulida and Syndermata
(see Ax 2001).

Ahlrichs (1995) had hypothesized Nemathelminthes
as sister group of Spiralia and soon they, or better the
subtaxon Cycloneuralia (Nematoda, Nematomorpha,
Priapulida, Kinorhyncha and Loricifera), received
unexpected neighbors. Aguinaldo et al. (1997)
hypothesized a monophyletic taxon of moulting animals
which included arthropods and cycloneuralians. This
highly disputed hypothesis has been supported since
then in numerous analyses, but was, especially in the
first years after its publication, a revolution, because the
former relationship between annelids and arthropods, also
included in Ax’s book (Ax 1999), was regarded as well
supported and stable. It has to be added that the taxon
Gastrotricha, which seemed to be related to Cycloneuralia
due to some similarities in the cuticular structure, the
pharynx and the cleavage, occurred in molecular analyses
repeatedly close to flatworms (Plathelminthes) and not
close to cycloneuralians.

One final hypothesis shall be reviewed here. Ax had
quite innovative ideas concerning basal deuterostome
relationships, with paraphyletic hemichordates being a
central topic (Ax 2001). He hypothesized Enteropneusta
as being the sister group of Chordata (as Cyrtotreta)

and Pterobranchia also as being paraphyletic, with
Cephalodiscida being the sister group of Cytrotreta (as
Pharyngotremata) and Rhabdopleura being the sister
group of Pharyngotremata. Such relationships were
not confirmed by subsequent analyses. Some analyses
supported paraphyletic enteropneusts (e.g. Cameron et
al. 2000, Peterson & Eernisse 2001), but later genomic
analyses supported monophyletic Hemichordata with
a sister group relationship to Echinodermata in a taxon
Ambulacraria (e.g. Dunn et al. 2008; see also Nielsen
2012). Especially enteropneusts are central in the
discussion of dorsoventral inversion (see, e,g. Brown
et al. 2008) and in the evolution of the neural tube (e.g.
Kaul-Strehlow et al. 2015).

Regardless of differences and correspondence between
Ax’s phylogenetic suggestions and recent outcomes of
animal phylogeny the three volumes of ‘multicellular
animals’ prove what had always been claimed to be one
advantage of phylogenetic systematics over classical
classification: to provide arguments for hypotheses
of relationship by naming potential autapomorphies
(= synapomorphies of sister taxa) and by this make
it possible to discuss relationships on the basis of the
character evolution. Even in the era of molecular tools
character evolution should not get out of focus.
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