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By contrast to many previously enigmatic Palaeozoic fossils, the Carbonifer-
ous metazoan Typhloesus has defied phylogenetic placement. Here, we
document new features, including possible phosphatized muscle tissues and
a hitherto unrecognized feeding apparatus with two sets of ca 20 spinose
teeth whose closest similarities appear to lie with the molluscan radula. The
ribbon-like structure, located well behind the mouth area and deep into the
anterior part of the body, is interpreted as being in an inverted proboscis con-
figuration. Gut contents, mostly conodonts, in the midgut area demonstrate
that Typhloesus was an active predator. This animal was capable of propelling
itself in the water column using its flexible body and a prominent posterior fin.
The affinity of Typhloesus as a pelagic mollusc remains problematic but may lie
more closely with the gastropods. Heteropod gastropods share with Typhloe-
sus an active predatory lifestyle and have a comparable general body
organization, albeit they possess characteristic aragonitic shells and their
origins in the Jurassic post-date Typhloesus. Typhloesus may represent an
independent radiation of Mid-Palaeozoic pelagic gastropods.
1. Introduction
Recent years have witnessed a steady thinning in the ranks of ‘weird wonders’,
that is taxa with unfamiliar, if not bizarre, body forms that seemingly preclude
confident assignment to known groups. Albeit with varying degrees of confi-
dence, many such taxa have now been shunted to reasonably secure
phylogenetic destinations (e.g. [1,2]). The majority of these test cases have
come from Cambrian Fossil-Lagerstätten, notably the Burgess Shale (and geo-
graphically adjacent equivalents) and Chengjiang, but younger Lagerstätten
still house a number of evolutionary enigmas. Among these is the Upper
Mississippian (ca 330 Myr) Bear Gulch Limestone [3], home to the bizarre
Typhloesus wellsi that half-jocularly was referred to as an ‘alien goldfish’ [4].

Originally hailed as the long-sought-after conodont animal [5], it transpired
that the conodonts were ingested. Dubbed the ’conodontochordates’ and
despite being vaguely fish-like, their highly unusual anatomy not only ruled
out comparison with the chordates but any other phylum [6]. Since then,
with the exception of a detailed description of conodont apparatuses [7] and
unpublished work on its taphonomy [8], Typhloesus has received only passing
mention (e.g. [3,9,10]). Here, we report new information on this animal,
especially that pertaining to the feeding apparatus. This organ is consistent
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with the predatory habits of Typhloesus, but it also suggests
that despite its unusual appearance this animal may be a
pelagic mollusc.
 lsocietypublishing.org/journal/rsbl

Biol.Lett.18:20220
2. Methods
Over a number of years, by donation and purchase, the Royal
Ontario Museum acquired an important collection of Typhloesus.
Several specimens were mentioned by Conway Morris [6], but
with the exception of one specimen [7] none of the remaining
specimens have been described. The entire collection was initially
studied under polarized light with a binocular microscope. Two
specimens (ROMIP 48526 and 48528) were examined with a scan-
ning electron microscope (FEI Quanta 200 FEG) at the University
of Windsor Great Lakes Institute for Environmental Research,
Canada. Elemental mapping (figure 1b,e; electronic supplemen-
tary material, figures S1a–h and S2g–j) was performed with
energy dispersive spectroscopy (EDS) using an EDAX Octane
Plus Silicon Drift X-Ray detector with a 12 kV beam accelerating
voltage under 70 Pa chamber pressure (low vacuum).
179
3. Description
For the most part examination of the Royal Ontario Museum
material confirms earlier descriptions [5,6]. A key discovery,
however, is the recognition of a radula-like organ in the
region already identified as the foregut (figure 1). Specifically,
on the ventral margin this consists of two rows of ca 20 pos-
teriorly recurved teeth (ca 200 µm high) separated by ca 1 mm
(figure 1c,d; electronic supplementary material, figure S2a–e).
The length of the entire structure is about 4 mm. The teeth
have a triangular shape with the wider base at the front
(electronic supplementary material, figure S2d,e). The smal-
lest teeth are at the posterior end and are more spaced from
each other (electronic supplementary material, figure S2c);
the posterior three teeth are not aligned with the other
teeth, but seem to be positioned along a curve (electronic sup-
plementary material, figure S2c). Other specimens appear to
show one (figure 1n) or two rows (figure 1h,j,k) with alternat-
ing insertions, but with a narrower distance between the
rows. We interpret this variation as the result of the rotation
of either the entire specimen relative to the bedding plane or
the radula itself within the body cavity during decay. As it hap-
pens, this dentition had been documented earlier as ‘a series of
block-like structures’ [6, p. 607], but at the time was tentatively
identified as musculature. There are also variably preserved
traces of adjacent tissue. One specimen shows elongate struc-
tures adjacent to the anterior end of one of the radular rows
(figure 1c; electronic supplementary material, figure S2c).
Their identity remains uncertain, but conceivably they represent
ancillary teeth. Another specimen shows that the base of the
radula has a reticulate and fibrous texture (figure 1n).

In addition to the recognition of a radula-like organ, our
restudy has also led to a number of new observations.
Elemental analysis shows the presence of carbon, phos-
phorus and sulfur in discrete parts of the specimens, and
reveals new features of anatomy. In particular, in ROMIP
48528 (figure 1b; electronic supplementary material, figure
S1c) phosphorus in the posterior section picks out broad
blocks of tissue that seem to form two sets inclined in oppo-
site directions. Most likely these represent a propulsive
musculature. Previously identified cuticular fibres ([6], figs.
56, 57, pl. 7, figs. 61, 62) in the same region have
approximately the same orientation, but an equivalence to
these blocks is uncertain. In passing, if the tentative identifi-
cation of longitudinal muscles in this area ([6], fig. 58, pl. 7,
fig. 66) is correct then these clearly lie at a different level to
the larger blocks and may have been more surficial. Towards
the anterior of the midgut the dorsal side shows another
fibrous area, again possibly a musculature (figure 1b; elec-
tronic supplementary material, figure S1g). In ROMIP
48526 phosphorus has a more extensive distribution, but
other regions of the midgut also have a fibrous appearance
(electronic supplementary material, figure S2i). Alternate
contractions of such muscles may have helped to dilate the
midgut during feeding as well as subsequently expelling
digested material. In the earlier description, the midgut
was assumed to be a voluminous organ. In ROMIP 48526,
however, the anterior region of the midgut is associated
with a narrower strand that conceivably represents an exten-
sion of the foregut (figure 1g; electronic supplementary
material, figure S2f–j ) (see also below). Somewhat similar
structures in other specimens ([6], pl. 2, figs. 12, 19; pl. 4,
figs. 32, 35, 36, 37, pl. 5, figs. 38, 39, 40, 41) have been inter-
preted as part of the blood vascular system but are possibly
also part of the midgut. A large central fusoid area within
the body, possibly bilaterally organized, encapsulates the
midgut and part of the foregut (figure 1a,f,i,l; electronic sup-
plementary material, figure S2f ). This structure is wider at
the front and tapers towards the rear. Previously interpreted
as a foregut itself, we re-interpret this structure as equivalent
to a visceral capsule. Notably this structure is preserved (and
sometime the only structure to remain visible) in all speci-
mens studied, and shows an enrichment in carbon, sulfur
and to a lesser extent phosphorus, but does not include cal-
cium (figure 1b; electronic supplementary material, figures
S1e,f,h and S2i). Phosphorus is likely associated with surficial
muscles, but carbon and sulfur might represent more refrac-
tory and tougher tissues. The ventral keel and ferrodiscus
are also preserved in a similar manner, albeit with higher
concentration of the above elements (figure 1b; electronic
supplementary material, figures S1e,f and S2h,i).

In the earlier description [6], a pair of prominent keels
were identified on the ventral side, and inferred to diverge
adjacent to a pre-oral area. ROMIP 58284 supports this recon-
struction (figure 1l,m), as well as other specimens (figure 1a,
i), but suggests the pre-oral area was at least as extensive
as previously depicted and may have been an important
ancillary in prey capture.

The earlier interpretation [6] of Typhloesus also suggested
the gut was blind and the ROMIP material provides no firm
evidence for any posterior extension from the midgut.
ROMIP 48526 shows clear gut contents within the midgut
area. Finally, we draw attention to examples of a conspicu-
ously well-preserved tail that in addition to the fin-rays
(rods and synapticulae) displays the fin bars (figure 1a,l ).
4. Taphonomy
Preservation of Typhloesus was discussed by Conway Morris
[6]. Preliminary observations using EDAX indicated a
number of elements, but significantly no iron associated
with the so-called ferrodiscus. Here, our more comprehensive
elemental mapping unsurprisingly records carbon. The
association of phosphorus with possible musculature was
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Figure 1. Typhloesus wellsi showing radula. (a–e) ROMIP 48528; (a) full view; (b) elemental map showing possible phosphatized traces of muscles tissues (carbon in
red, phosphorus in green); (c) close-up of the radula; (d ) details of radular teeth; (e) elemental maps of the radula showing slight enrichment in carbon (centre—
red)) and sulfur (right) but little evidence of calcium (left) and phosphorus (centre—green). ( f–h) ROMIP 48526; ( f ) full view; (g) close-up of the radula; (h)
details of radular teeth. (i–k) ROMIP 47470; (i) full view; ( j ) close-up of the radula; (k) details of radular teeth. (l–n) ROMIP 58284; (l ) full view; (m) close-up of
the radula; (m) details of radular teeth. All specimens flipped horizontally, anterior to the right. fd., ferrodiscus; m.gt., midgut; mo., mouth; ?mu., possible mus-
culature; p.fn. posterior fin; ra., radula; ?pr., proboscis; ?ra.su., radula support; r.ti., reticulate tissues; sn., snout; to., tooth; v.di., ventral diastema; v.kl., ventral keel;
vi.ca., visceral capsule. Scale bars = 10 mm ( f,l ); 5 mm (a,b,g,i,m); 2 mm (e,j ); 1 mm (c,h,k,n); 0.25 mm (d ).
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reviewed above. Sulfur—together with carbon—is also
widely distributed but occur in discrete parts of the body
or organs. Sulfur may reflect finely disseminated pyrite (or
its weathered equivalents) and suggest diagenetic sulfuriza-
tion reminiscent to the preservation of conodont eyes in
some Silurian deposits [11].
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Figure 2. Typhloesus wellsi: anatomical schematic diagrams and artistic reconstruction. (a) Interpretative reconstruction of the radula fully outstretched as seen from
above, anterior to the top, showing two main rows of lateral teeth (red triangles) decreasing in size towards the rear; (b) interpretative sagittal sections of the body
showing the gut system (blue) with a blind gut and the proboscis with the radula complex (orange) in a fully inverted (top) and everted (bottom) position. Framed
areas, close-ups of anterior region of the proboscis; (c) artistic representation of Typhloesus wellsi in the process of catching its conodont prey using its everted proboscis
and radula. Drawing by Joschua Knüppe © Royal Ontario Museum. fd., ferrodiscus; m.gt., midgut; mo., mouth; ra., radula; pr., proboscis; vi.ca., visceral capsule.
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5. Discussion
Identification of the toothed feeding apparatus throws further
light on the functional anatomy of Typhloesus, and potentially
its wider relationships. The location of the teeth in the pos-
terior section of the foregut, as well as their direction of
curvature, suggests that to function effectively most of the
foregut would have had to evert in order to bring the teeth
into a position to seize prey (figure 2). The alternative that
prey was swallowed and only then engaged in trituration
seems less likely given none of the teeth are molariform.
On the former supposition, eversion of the foregut would
most likely have been achieved by a hydrostatic mechanism
whereby the foregut was enclosed in a fluid-filled body
cavity. Such an arrangement finds counterparts in groups
such as the gastropods (notably the so-called acrembolic-
type proboscis as against the more usual simple retraction)
[12] and the rhynchocoel of nemerteans [13]. Hydrostatic
mechanisms in animals usually depend on muscular contrac-
tion, including the employment of retractors. In Typhloesus a
paired structure close to the foregut–midgut boundary
(figure 1a,c,j; electronic supplementary material, figure S1e,f )
was tentatively identified as part of a vascular system (the
‘valvaforis’ of Conway Morris [6]). Its paired arrangement
suggests that it is unlikely to be something akin to the
radula sac of molluscs. It appears to have a carbonaceous
composition (with additional sulfur), but unlike putative
musculature no enrichment in phosphorus (electronic sup-
plementary material, figure S1g). It remains possible that
this tissue was originally muscular and involved with
retraction of the adjacent foregut, but perhaps a more likely
possibility is as bolsters to support the radula complex.
Whilst hypothetical it is also conceivable that in life eversion
of the foregut was forcible and rapid [14].

We suggest that the radula arrangement seen in Typhloe-
sus is most reminiscent of the molluscs. We are mindful
that jaws are rampantly convergent (e.g. [15]) and radular-
like structures occur elsewhere, such as in the amphinomid
polychaete Chloeia [16]. In no other respect, however, is
Typhloesus annelid-like, not least in the absence of chaetae
or obvious metamerism.

Accepting that the rows of teeth are equivalent to the
ribbon-like radula does not in itself assist in assigning Typh-
loesus to a particular group of molluscs. Although
classically the radula is conceptualized as a polydentate
ribbon, more generally along with associated jaws [17] the
diversity of radular arrangements is immense, sometimes
even in relatively small taxonomic groups [18,19]. In molluscs
such as the cone shells it can show a dramatic reduction
reflecting specialized ways of life (e.g. [20,21]). In general,
however, the canonical radula consists of a central rachidian
tooth, flanked by lateral teeth. In the aplacophorans, however,
the median tooth is absent and the distichous arrangement in
some taxa [22] is reminiscent of Typhloesus. The vermiform
aplacophorans are highly derived molluscs and otherwise
have no obvious similarities (e.g. spicules) to Typhloesus.

Aplacophorans also are wholly benthic. The apparent dis-
parity between the anatomy of Typhloesus and other pelagic
molluscs makes further phylogenetic assessment hazardous.
In the earlier description [6] passing comparison was made
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to extant pelagic gastropods [23], notably a degree of simi-
larity between the posterior fin of Typhloesus and the fin-
like foot of heteropod taxa such as Carinaria and Pterosoma
(e.g. [24]). In nearly all respects, however, a direct comparison
with the heteropods is tenuous. Nor would it be easy to
reconcile with their fossil record, which is based entirely on
the shells. Heteropod-like gastropods may date back to the
Triassic [25], underwent a rapid radiation in the early
Jurassic, perhaps as a response to widespread bottom-water
anoxia [26]. The five clades identified in the early Mesozoic
have no obvious phylogenetic link to the younger heteropods
that gave rise to the extant taxa [27]. The origins of the
modern taxa date from the Cretaceous and occur in the
form of the Atlantidae [28]. The more derived carinariids
(and pterotracheiids) [29], to which Typhloesus might bear
some closer comparison, only appeared in the Cainozoic.
Although the fossil record of the heteropods is patchy, their
stratigraphic distribution is broadly consistent with molecu-
lar data. If, therefore, Typhloesus is a holopelagic gastropod
it would be convergent on a carinariid-like form, representing
a Palaeozoic migration into the pelagic zone.

There is an additional line of evidence that potentially
might help resolve the phylogenetic position of Typhloesus.
This entails a general characteristic of gastropods that occurs
early in ontogeny and is referred to as torsion. At least partial
detortion, however, is also known, notably in some opistho-
branchs [30], including the pelagic nudibranchs [31]. It also
needs to be acknowledged that among extant heteropods,
especially the shell-less pterotracheiids, the elongate body dis-
plays an oesophagus that extends in linear fashion to the
visceral nucleus [23], so that even shortly after larvalmetamor-
phosis [32] torsion is far from self-evident. Given the size
range of Typhloesus [6], with no obvious juveniles (let alone
earlier larval stages), direct identification of torsion might be
difficult and is further compounded by alternative interpret-
ations of the soft-part anatomy. One notable feature of
Typhloesus is the blind gut, an observation supported by the
absence of any gastric contents in the posterior section of the
body. However, in one specimen (ROMIP 48526, figure 1f,g,
electronic supplementary material, figure S1g) tissue ident-
ified as the midgut could, given the degree of compression,
be reinterpreted as a hindgut leading to an anus. In such a
scenario this area would be equivalent to the visceral nucleus
with a head–foot complex to the anterior and in the opposite
direction the elongate tail. Some other specimens may show
comparable features, but if so remain much less well-defined.
We conclude that a place for Typhloesus among the gastropods
is plausible, but acknowledge that similarities to the molluscs,
let alone the heteropods,may be the result of convergence [33].
6. Conclusion
The Carboniferous animal Typhloesus possesses a radula-like
structure, suggesting its phylogenetic position may be
resolved as a mollusc and analogous to the extant pelagic
heteropods, but more precise pronouncements of its relation-
ships are hampered by the unique aspects of its morphology
(notably the so-called ferrodiscus) and the sparsity of
equivalent soft-bodied fossils in Palaeozoic deposits.
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