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The term vertebrate is generally viewed by
systematists in two contexts, either as Craniata
(myxinoids or hagfishes + vertebrates s.s., i.e. basically,
animals possessing a stiff backbone) or as Vertebrata
(lampreys + other vertebrae-bearing animals, which
we propose to call here Euvertebrata). Craniates are
characterized by a skull; vertebrates by vertebrae
(arcualia); euvertebrates are vertebrates with hard
phosphatised tissues in the skeleton. The earliest
known possible craniate is Myllokunmingia (syn.
Haikouichthys) from the Lower Cambrian of Chengjiang,
south China. Euvertebrates appear in the Ordovician.
C. H. Pander is sometimes thought to have been the first
to propose that conodonts are vertebrates, but he did
have doubts about the fish affinities of conodonts. This
proposal was revived in the 30s and especially in the
80s of the 20th century and given elevated status in 2000
through a cladistic analysis based upon interpretation
of conodont mineralized tissues as homologous to those
of vertebrates. This analysis resolved conodonts within
the clade Vertebrata s.s., and incorporated a ‘Total Group
Concept’ (TGC), including conodonts in the TG
Gnathostomes (= jawed vertebrates). This resulted in
the unusual scenario in which “teeth” appear before
jaws. We reject the TGC nomenclature as applied to early
vertebrates. In addition, based on all existing evidence,
we consider that conodont hard tissues and several other
anatomical structures in conodonts are not homologous
with those of vertebrates. Making a revised cladistic
analysis, eliminating characters unknown in fossils,
conodonts appear stemward (i.e. more basal) to craniates
and are thus interpreted as basal chordates at best. To

help resolve the phylogenetic relationships of conodonts
and chordates, the analysis should be extended to
include non-chordate taxa.

Historical background
A recent paper by Sweet and Cooper (2008), within the classic
paper series of Episodes, drew our attention and prompted this
response. Their paper concerned the discovery and the concept of
conodonts by Christian Heinrich Pander (1856). He was the first
scientist to describe conodonts, which are phosphatic microfossils
originally found in the Ordovician-Lower Carboniferous of the East
Baltic area (see Sweet and Cooper, 2008). In his seminal paper, Pander
(1856, p. 5) gave the first diagnosis of conodonts: “Kleine glänzende,
längliche, nach oben oder gegen das eine Ende spitz verlaufende,
nach unten sich allmälig oder plötzlich erweiternde, bald mehr bald
weniger gekrümmte, meist mit scharfen Rändern (Kielen), einem
vorderen und einem hinteren, versehene, den Fischzähnen an Gestalt
sehr ähnliche Überreste.”, that is “Tiny, lustrous, elongated remains
very similar in shape [our emphasis] to fish teeth, [which] extend
upward or toward one end into a point; [which] widen gradually or
abruptly downward; [which are] more or less curved, and most [of
which] have sharp margins (keels), one in front and one in back.”
(Sweet and Cooper, 2008, p. 434). However, the assertion of Sweet
and Cooper (2008, p. 434) that “Conodonts, the subjects of the first
part of Pander’s 1856 monograph, were exclusively considered to be
the teeth of an extinct group of fishes” has to be questioned. Although
the title of Pander‘s (1856) publication starts with “Monographie der
fossilen Fische …” several paragraphs in his monograph indicate
that he did have doubts about the fish affinities of conodonts. He
wrote:
 “We continue now with the structure of these teeth, which deviates
from all what has been considered as significant ichthyological
character until now” (Pander, 1856, p. 6; HPS’ and ST’s translation);
 “Nothing [hardly anything] valid can be quoted against the
similarity of the external gestalt with teeth of extinct and still
living fish genera; one could only raise objections against their
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internal structure which is completely different from that
[structure] what has been accepted in fishes until now.” (ibid.,
p. 8-9);
 “We could not find any indication in any publication on
microscopy, which could cause us to compare the internal structure
of the Silurian teeth [= the conodonts] with that of extinct or
living fishes.” (ibid., p. 9);
 “The complete unawareness of animals from which the Silurian
teeth originated, and the lack of similar extinct and still living
animals, which could serve for comparison, places great
difficulties for a systematic classification.” (ibid., p. 18).
The hypothesis that conodonts were fish teeth was not widely
supported until the end of the 20th century, and subsequently a plethora
of hypotheses has since been published on the phylogenetic
relationships of conodonts. The function and biological affinities of
their phosphatic elements have been hotly debated for more than 100
years. This is in spite of their empirical usefulness for solving
geological problems especially in biostratigraphy, extensively used
in the 20 th century (e.g. Branson and Mehl, 1933; Sweet and
Bergström, 1971). Various authors have suggested affinities including
everything from plants, annelid jaws or fish, and for their function
everything from gill rakers to copulatory spicules to teeth. Scott (1934,
p. 448) used an examination of assemblages of conodont elements
on shale surfaces to conclude that “They are more like, in fact are
almost identical to, the jaw apparatus of annelid worm jaws”, and
(ibid., p. 455) “The many points which have been enumerated
[including a pivotal one of the absence of a pulp cavity in conodonts,
see Turner et al., 2010] make it practically impossible for them to be
considered as fish.” [Note that certain advanced carnivorous teleosts
have no pulp cavity either, a feature which may be interpreted as
‘secondary’.] In the same year, Schmidt (1934) published natural
assemblages of Pennsylvanian conodont elements and compared
them with gill arch elements of fishes. Gross (1954, 1957, 1960),
opposing Schmidt (1934), attempted to demonstrate how different
the conodont tissues are from tissues of fishes. Hass (1962)
summarized the views attributing conodonts to various groups of
animals: molluscs (mostly gastropods), annelids or other worms,
arthropods (trilobites or crustaceans), chordates (fish or “primitive
fishlike animals”), or unclassified animals. Müller’s (1981) paper has
a very complete list of the papers classifying the various conodont
affinities including plants, coelenterates, aschelminthes,
gnathostomulids, molluscs, annelids, arthropods, tentaculates,
chaetognaths, and chordates. Among the hypotheses attributing
conodonts to “invertebrates”, we must also mention a more recent,
but heterodox one: Tillier and Cuif (1986) proposed that conodonts
were aplacophoran molluscs (also Tillier and Janvier, 1986), an
hypothesis immediately dismissed by Briggs et al. (1987), but
supported by Janvier (1988) who then changed his mind (e.g. Janvier,
1995, and later). Schultze (1996), Kemp and Nicoll (1996),
Kemp (2002 a-b), Turner et al. (2004) and Reif (2006) came out
strongly against the vertebrate nature of conodonts based principally
on histology and morphogenetic (meaning the style of growth)
evidence.
The hypothesis that conodonts were vertebrates, was rejuvenated
by Schmidt (1934, 1950) and Schmidt in Schmidt & Müller (1964)
and, since the discovery of nearly complete animals and the reinterpretation of conodont hard tissues as homologous to vertebrate
tissues (Sansom et al., 1992, and later papers), this idea was supported
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by a group of palaeontologists centered around Richard Aldridge and
his students at the University of Leicester (Turner et al., 2010).
The first computer-based parsimony analysis of conodont
phylogenetic relationships was made by Janvier (1996) who obtained
79 shortest trees with the HENNIG86 software (that is, 79 most
parsimonious solutions of distribution of characters for establishing
the affinities of conodonts with vertebrate groups). Conodonts were
resolved as sister-group to lampreys (see Aldridge and Briggs, 2009,
p. 84) in only one of the trees; in most others, their presence in the
data matrix of the analysis in fact introduced “noise” that appeared as
what is called “henningian combs” for the consensus trees (i.e. mostly
unresolved cladograms; see Janvier, 1996, fig. 5). Later, Philip
Donoghue decided to re-make a phylogenetic analysis of conodonts
after a question he posed to one of us (A.B.) during the conodont
symposium held in Bologna (Italy) in 1998 (Donoghue et al., 2000).
It is in the latter paper that Donoghue et al. (2000) resurrected the
hypothesis that conodonts are vertebrates, placing them between
cyclostomes (myxinoids and lampreys) and other vertebrates. He
and collaborators even developed the idea through the Total Group
Concept of Jefferies (1979) that the so-called Total Group including
“Recent jawed vertebrates + basal jawed vertebrates + basal agnathan
taxa + conodonts” had to be called “Total Group Gnathostomes”
(TGG), supposedly all vertebrates with jaws. However, their TGG
includes all gnathostomes and “agnathans” (= vertebrates without
jaws) as well as conodonts (without jaws) (see, e.g., Donoghue et al.,
2000; Donoghue and Aldridge, 2001). These results were
mainly based upon data from partially body-preserved specimens
of conodonts attributed to Clydagnathus windsorensis from the
Granton Shrimp Bed, Lower Carboniferous, Scotland (Briggs et al.,
1983), and Promissum pulchrum from the Soom Shale, Upper
Ordovician, South Africa (Gabbott et al., 1995). [Note that the
conodont mineralized elements are usually the only preserved
conodont parts in Cambrian to Triassic sediments; so, the latter
occurrences of body elements may be considered as exceptional for
the fossil record].
This TGG is both a nonsensical name and concept because one
has to take in consideration that: (1) contrary to Donoghue et al.’s
(2000) opinion, the mineralized tissues of conodonts are not the same
as those in vertebrates, (2) conodonts have no jaws, (3) their “teeth”
are not homologous to vertebrate teeth from a phylogenetic point of
view, and (4) from a functional point of view the morphology of
most dentiform elements in a conodont apparatus is not adapted to
function as teeth, vertebrate or otherwise (Turner et al., 2010). We
decided to write a review paper on this question explaining our
position (Turner et al., 2010), because this “conovert” hypothesis
has been introduced as uncontested ‘fact’ in most recent Englishlanguage books, textbooks and handbooks for students, and because
the authors neglect to cite any hypotheses that oppose or challenge
their own.
In fact, although palaeohistological studies of conodonts have
been conducted for a long time (e.g. Hass, 1941; Gross, 1954, 1957,
1960; Schmidt and Müller, 1964; Müller and Nogami, 1971),
homology of their mineralized tissues to those of vertebrates was
established by Donoghue and his co-authors only after the conodontbearing animal was interpreted as a vertebrate. In fact, homologizing
conodont elements with vertebrate teeth was not possible only using
histology (see the paper of Sansom et al., 1992, which is at the start
of the story), in the absence of independent anatomical arguments,
a reason why the controversy has lasted so long.
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Figure 1. Comparison of cross section of an euconodont element (a) with an osteichthyan (sarcopterygian) tooth with pulp cavity (b) from
Schultze (1969, fig. 1: ‘polyplocodont’ tooth of Panderichthys) [Only hard tissues are shown]. Abbreviations: bb, basal body; bo, (attachment)
bone; de, dentine; e, enamel; la, lamellar tissue; pc, pulp cavity; w.m, albid tissue or white matter. Not to scale.
Another point that needs discussion is the way conodonts and
vertebrates are treated in classical books on microfossils such as that
of Armstrong and Brasier (2005). They wrote that “Conodonts (or
euconodonts) were a group of primitive jawless vertebrates, which
ranged from the Upper Cambrian to the uppermost Triassic. They
were the first vertebrates to produce a mineralized skeleton and are
primarily known from scattered elements of their feeding apparatus.”
(op. cit., p. 249). So: (1) why are microremains of vertebrates (scales,
denticles, teeth) not included in such books on microfossils which
traditionally are only concerned with “invertebrates”; and (2) why
are conodonts still considered as “invertebrates” by being included
in such books? May we hypothesize that this is at least partly due to
the reciprocal ignorance of palaeontologists regarding the fossils of
which they are not specialists? Palaeovertebrate experts are most often
palaeo-anatomists and do not work with such microfossils as
conodonts, and conodont experts are most often biostratigraphers and
are not involved in palaeo-anatomical and phylogenetic topics. Despite
this lack of knowledge, a disturbing but now well established trend
has arisen (e.g., noted by King et al., 2009) to include conodonts as a
subphylum Conodontophorida (= conodont-bearing animals) inside
the phylum Chordata.

Where is the problem?
Here we will speak only of the euconodonts sensu, e.g., Janvier
(1997), that exclude protoconodonts and paraconodonts. The
phylogenetic relationships of the latter are unclear. Only euconodonts
are known from a number of partially articulated specimens where
the conodont elements are preserved in what is interpreted as the

anterior end (mouth) of the conodont animal (Briggs et al., 1983;
Gabbott et al., 1995; and refs. in Turner et al., 2010). From our point
of view, the problem with interpretation of conodonts as vertebrates
resides in three main points:
 the interpretation of features of conodont elements as homologous
to vertebrate teeth (Donoghue et al., 2000, and later papers);
 the specific application of the concept of Total Group to early
vertebrates (e.g., Donoghue et al., 2000; Donoghue and Aldridge,
2001);
 and the choice of the outgroups in Donoghue et al.’s (2000)
analysis.
Concerning conodont characters, we have summarised our results
as follows (Turner et al., 2010, commented and completed):
1. Cephalisation is low in conodonts, possibly at the level of extant
cephalochordates, whereas it is much higher in craniates where
cephalisation reaches an advanced state of development;
2. Conodonts lack segmentally-arranged paraxial elements, a feature
of vertebrates;
3. Conodont trunk musculature is simple V-shaped as opposed to
a W-shape in craniates [where a few exceptions are known as,
e.g., in lungfish where trunk musculature is arranged as simple
V-shapes (Bemis, 1987), and in larval teleosts (ref. in Pridmore
et al., 1997)];
4. Conodonts lack dermal elements in median fins, whereas median
fins of vertebrates possess dermal fin rays that are articulated at
the base with supporting cartilaginous elements;
5. Conodonts lack a gill basket, a basal feature of chordates; in a
recent paper Sansom et al. (2010) demonstrated that the gill basket
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in the amphioxus (Branchiostoma) and larval lamprey (Lampetra)
is a very decay resistant structure and preserved even when other
structures are gone; so, it should be present in conodont animals
if they had it;
6. Conodonts lack a dermal skeleton including bony plates whereas
all vertebrates have odontodes with bone of attachment and a
unique pulp system (Figure 1);
7. Conodont element ultrastructure, revealed by TEM and SEM
(Kemp, 2002a; Trotter and Eggins, 2006; Trotter et al., 2007),
has a crystalline structure very different in crystal size and
arrangement than that of vertebrates: the albid material of
conodonts is formed by extraordinarily large crystals in contrast
to the fine small crystals of bone, dentine and enamel in vertebrates
(Figure 1);
8. Conodont hyaline material shows a histochemical reaction for
collagen, which is not present in vertebrate enamel (Kemp,
2002b);
9. Conodont element albid material (white matter) does not react
for collagen, which is a major element in vertebrate bone (ibid.);
10. The lacunae in the albid material are too small for eukaryote cells
such as osteocytes;
11. In general, the morphogenesis of conodont elements differs from
that of vertebrates (Figure 2).
12. Additionally, we do not accept the interpretation of conodont

eyes as homologous to vertebrate ones; we could even argue that
conodonts probably had no eyes because eyes need a brain, a
feature which has not been demonstrated in conodont animals
(but this should be carefully checked all through “invertebrates”
as well).
The second point is concerned with the Total Group Concept
(TGC) as applied to early vertebrate phylogeny (e.g., Jefferies, 1979;
Donoghue et al., 2000; Donoghue and Aldridge, 2001). The
terminology which is used in the TGC distinguishes between “crown
group” (CG), “stem group” (SG) and “total group” (TG). A CG is the
smallest monophyletic group, or clade, to contain the last common
ancestor of all extant members, and all of that ancestor’s descendants;
all organisms that are more closely related to this CG than to any
other living group are referable to its SG (a SG is only composed of
fossil members). A CG plus its SG considered together constitute the
TG (Figure 3). We disagree with the use of the same name for the
“total group” as for the “crown group” (e.g., gnathostomes, tetrapods,
etc.). In the case of gnathostomes (traditionally used for vertebrates
with jaws), Donoghue et al. (2000; also Donoghue and Aldridge,
2001) decided that the Total Group including “Recent jawed
vertebrates + basal jawed vertebrates + basal agnathan taxa +
conodonts” (= all vertebrates, excluding cyclostomes, + conodonts)
had to be called “Total Group Gnathostomes” that is Total Group of

Figure 2. Histology of conodont element (showing continuous growth) vs. vertebrate scale or tooth (odontode) formed in a papilla of
mesenchymous cells: A - drawing of longitudinal section showing continuous growth with lateral additions and formation of serration of
the conodont Gnathodus texanus modified from Gross (1954, fig. 2: 1-5, subsequent addition of serrations) contra Donoghue (1998) Type
4 growth (reproduced in Reif 2006: fig. 4) where a basal body [or is it white matter?] apparently occurs in each serration [reproduced with
permission from Senckenbergiana lethaea]; B - schematic cross section to show continuous growth (arrows) of conodont element and basal
filling (after Gross 1957, fig. 4: al, lamellar tissue; b, basis; b.gr, basal groove; bt, basis cone; tf, inner basal filling, t.gr, boundary between
the two kind of filling of the basal grove); C-D - formation of vertebrate odontodes in comparison to conodont growth in A. The odontode
is formed by a papillary organ (with enamel organ, odontoblasts and osteoblasts in a single morphogenetic step). It cannot grow, but is
enlarged instead by addition of a new odontode, that is formed by a new papillary organ resulting from a new interaction between ectoderm
and mesenchyme (modified from Reif 2006, fig. 3a): thick line, enamel or enameloid; radiating lines, dentine with pulp cavity underneath;
basal tissue, attachment bone = cement with thin lines of deposition). Note the presence of pulp in vertebrate.
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Figure 3. Schematic illustration of crown groups (CG1 and CG2),
stem group (SG1) and total group (TG1). CG1 and CG2 are two
sister groups of living organisms (including eventually some fossils).
vertebrates with jaws (see, e.g., Donoghue and Purnell, 2005, fig. 1).
So, their TG Gnathostomata includes forms that definitely lack jaws,
i.e., the basal fossil agnathans (ostracoderms) and even the conodonts
that they consider as vertebrates. In other words, for instance, the
jawless ossified fishes known as ostracoderms in the Old Red
Sandstones (cephalaspids, pteraspids, thelodonts, anaspids and many

others: e.g., Long, 1995) become basal members of the TG
Gnathostomata, that is, they are “jawless gnathostomes” = vertebrates
with jaws without jaws [sic]. This creates a serious problem of
semantics (let alone evolution). The Total Group should be called
Euvertebrata. In addition the new cladistic analysis that we ran, does
not include conodonts within vertebrates nor craniates (Figure 4;
Turner et al., 2010).
The third point concerns the choice of the outgroups in Donoghue
et al.’s (2000) analysis (see also Donoghue and Aldridge, 2001; Sweet
and Donoghue, 2001; Donoghue and Sansom, 2002; Donoghue and
Purnell, 2005; Janvier, 2003, 2009; etc.) The tunicates or ‘sea squirts’
(also known as urochordates) and cephalochordates (amphioxus) were
chosen as outgroups by them, but as both groups are already classified
within the chordates, in such an analysis conodonts can only be
resolved as chordates. In order to analyse the phylogenetic
relationships of conodonts with chordates, the analysis should be run
to include non-chordate taxa such as hemichordates (e.g. acorn
worms), graptolites, echinoderms, and eventually chaetognaths (arrow
worms) and priapulids (penis worms), both latter taxa having been
compared to conodonts (e.g. Kasatkina and Buryi, 1996). It will
immediately become obvious to all evolutionary biologists and
palaeontologists that, in such a study, we will be confronted with a
very difficult problem: how to define and code homologous characters
of such different organisms as, for instance, graptolites and fishes,
and how to code soft anatomical features which are mainly unknown
for fossils (see, e.g., Janvier, 1996)? However, our analysis (Turner
et al., 2010) used the same outgroups as Donoghue et al. (2000)
because we based our argument upon their data
matrix in order to directly compare our new
results with theirs. Of course, in our analysis,
conodonts are also resolved as chordates, but
in a basal position, not inside the vertebrates
(Figure 4).

The new cladistic analysis
and its results

Figure 4. Schematic illustration of one of the topologies obtained in the phylogenetic (cladistic)
analysis of chordates after Turner et al. (2010, modified). Some of the diagnosic features
(synapomorphies) of the main taxa are as follows: Chordata- notochord; Craniata- skull;
Vertebrata- arcualia (vertebrae); Euvertebrata- mineralized tissues of the skeleton (enamel
or enameloid, dentine, bone); Gnathostomata- jaws; Eugnathostomata- teeth. Eugnathostomes
include cartilaginous fishes (Chondrichthyes), fossil “spiny sharks” (Acanthodii), and bony
fishes (Osteichthyes = Actinopterygii + Sarcopterygii).

In order to get a result that is directly
comparable with that of Donoghue et al.
(2000), we followed their method, taxa and
characters as closely as possible. We also used
the same software for the numerical cladistic
analysis, although we used the updated PAUP
4.0b10 program for Windows (Swofford,
2002). We used the same 17 taxa, but only
68 characters (as compared to the 103 of
Donoghue et al., 2000) because of deletion of
all physiological and other characters that are
based upon soft anatomical data and are not
known for any fossil taxa. We also recoded
some of the characters following our
observations and more recently published
papers (Turner et al., 2010). The result is
shown in Figure 4. Some of the diagnostic
features (synapomorphies) of the main taxa are
as follows: Chordata are defined by the
occurrence of a notochord; Craniata by a skull;
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Vertebrata by arcualia (vertebrae); Euvertebrata by mineralized tissues
of the skeleton (enamel or enameloid, dentine, bone); Gnathostomata
by jaws; and Eugnathostomata by teeth.
Our re-analysis supports neither a vertebrate nor a craniate
relationship for conodonts. They have to be considered as basal
chordates at best. However, as noted above, the choice of the two
outgroups (tunicates and cephalochordates) precludes arriving at a
different result. At the moment it is even uncertain whether or not
conodonts are chordates, but this could only be demonstrated with a
much wider analysis, which was beyond the scope of our new analysis
(Turner et al., 2010). Worm-like animals with a tail, V-shaped
myomeres and two anterior structures interpreted as eyes just
correspond to a basic, generalized architecture for bilateral animals
(see the various comparisons made with annelids, chaetognaths,
priapulians, aplacophorans …), either protostomes or deuterostomes
(sensu Lecointre and Le Guyader, 2001). Additionally we doubt about
the interpretation of the two big black spots as eyes with extrinsic
muscles proposed for the Ordovician conodont-animal (Gabbott et
al., 1995).
The new cladogram also shows, contrary to Smith et al.’s (1996)
opinion, that teeth did not appear before jaws. Conodont elements
are not homologous with gnathostome teeth; jaws appear within
placoderms, a basal fossil group of gnathostomes, and teeth appear
with eugnathostomes [although Smith and Johanson, 2003a, claim a
separate appearance of teeth in some arthrodiran placoderms — see a
comment by Burrow, 2003, and Young, 2003, and the reply by Smith
and Johanson, 2003b], that is the “Crown Gnathostomata» of, e.g.,
Donoghue and Sansom (2002, fig. 3) or Donoghue and Purnell (2005,
fig. 1), which includes cartilaginous fishes (Chondrichthyes), fossil
“spiny sharks” (Acanthodii), and bony fishes (Osteichthyes =
Actinopterygii + Sarcopterygii) (Figure 4). Our analysis also shows
that the phylogenetic relationships of ostracoderms are not fully
resolved, either concerning the relationships of the various
ostracoderm taxa to each other, or their relationships to gnathostomes
(Figure 4). This is probably the result of our data matrix, which was
produced in order to analyze the conodont-vertebrate relationships,
and not the ingroup relationships of euvertebrates.

Conclusions
Here, based on more detailed evidence where our histological
and anatomical arguments are fully developed and used in a new
phylogenetic analysis (Turner et al., 2010), we do not intend to “settle
the truth”, but just to try and explain that there are no valid reasons to
think that conodonts are vertebrates.
With some exceptions (e.g. the unfolding ‘Conodont Corner’ in
Turner, 1994-2000), most palaeovertebrate experts did not pay
attention to the group of British conodont workers who re-opened
the debate in the 1990s. This was a fundamental mistake. Because of
a lack of timely and critical analysis of the assertion that conodonts
are vertebrates, we now think that this erroneous idea has achieved
undeserved prominence in textbooks for students and in semipopular
books (e.g. Prothero, 1998; Liem et al., 2001; Benton 2005; Armstrong
and Brasier, 2005), in popular scientific journals such as Scientific
American (Soares, 2009), and on the Internet (e.g. Janvier, 1997,
2001). Future research should focus on a series of points:
 give a detailed description of Pikaia, a supposed Cambrian
cephalochordate which was made popular by Gould (1989) but
Episodes Vol. 33, no. 4

has apparently never been fully described; with its two
reconstructed tentacles in Gould’s book, Pikaia looks more like
the enigmatic Tullimonstrum from the Pennsylvanian of Mazon
Creek, Illinois, USA, or even an annelid (M. Raineri, pers.
comm.);
 redescribe Yunnanozoon which has been variously interpreted as
cephalochordate, chordate, craniate, hemichordate, ambulacrian,
deuterostome and even bilaterian (refs in Donoghue and Purnell,
2009), and as a sclerite-bearing animal by Bergström et al. (1998);
 conduct further research on Cambrian vertebrates to discover why
the only one or two possible Cambrian vertebrates known today,
i.e. Myllokunmingia (Haikouichthys) and Zhongjianichthys (a
possibly badly preserved myllokunmingiid) (Shu et al., 1999,
2003; Shu, 2003), have no ossified external armour (and no good
vertebrate dentine) although the “Cambrian explosion” is known
for the first occurrence of all kinds of biomineralisation –
phosphatic, siliceous, calcitic;
 and finally, re-run a phylogenetic analysis including conodonts,
chordates and non-chordate organisms.
As a result, we can say what conodonts are not (vertebrates), but
we cannot yet say what they are.
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