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A new thalassematid echiuran worm from the Middle
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Echiurans (spoonworms) are a very distinctive group of polychaete annelids that had long been considered to consti-
tute a separate phylum. Their fossil record is extremely limited, although trace fossils that have been suggested to be
attributable to them date back as far as the Cambrian Period. The oldest body fossils are from the Carboniferous Mazon
Creek Biota, and preserve only limited morphological detail. New material from the Middle Ordovician (Darrivilian,
Didymograptus murchisoni Biozone) Castle Bank Biota of Wales shows fine detail of the morphology of a new
taxon, Liwygarua suzannae gen. et sp. nov., including several details that indicate an assignment to the derived family
Thalassematidae, allied to the speciose genus Ochetostoma. These details include proboscis morphology, anterior setae,
and muscle organisation within the trunk. An additional specimen is described in open nomenclature, as it may be either a
distinct species, or a juvenile of Liwygarua suzannae gen. et sp. nov. with a relatively elongated proboscis. These worms
demonstrate a very early and previously unrecognised diversification of the echiuran grown group, further supporting an
early diversification of Annelida as a whole.
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Introduction

Echiurans were long considered to be a distinct phylum,
but are now resolved as a morphologically divergent group
within the polychaete annelids, with their sister group being
the Capitellidae (Parry et al. 2014, 2016; Goto et al. 2020).
Their fossil record is limited and ambiguous, with the old-
est reasonably convincing example being Coprinoscolex
ellogimus from the Pennsylvanian (Carboniferous) Mazon
Creek Biota (Jones and Thompson 1977). Trace fossils as-
signed to echiurans include some from the Neogene (Izumi
and Yoshizawa 2016), and possibly also more generally
distributed ichnofossils such as Zoophycos (Kotake 1992),
Treptichnus-like burrows containing particular pellet mor-
phologies (Ortowski and Zylinska 1996) and certain star-
shaped trace fossils (Ohta 1984). Such trace fossils may sug-
gest a long record for echiurans, potentially extending back
to the Cambrian, but are invariably inconclusive, and other
organisms may have generated similar traces; detailed body
fossils are therefore essential for tracing echiuran evolution.
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As echiurans are entirely soft-bodied, exceptional pres-
ervation is required to generate recognisable fossils. Even in
the Chengjiang Biota, which preserves many of the extant
“worm” phyla (Ma et al. 2010), no echiurans have been rec-
ognised. Their cuticles are relatively thick, suggesting that
they should have been fossilized in some Burgess Shale-type
faunas if they were present at the time, but so far none have
been recognized. Extant echiurans include some unusual and
potentially distinctive morphological features, however, par-
ticularly in relation to the form of the relatively soft proboscis
and muscle bands, and the presence of a pair of anterior setae
(Stephen and Edmonds 1972). Some of the potentially more
preservable features such as the anal hooks that are seen in
many taxa are likely derived features that are not present in
Coprinoscolex ellogimus, are not universally present in mod-
ern taxa, and represent adaptations to burrowing (Ortowski
and Zylinska 1996).

This paper describes a new echiuran genus and species
based on body fossils with details of the distinctive probos-
cis, anterior setaec and musculature from the Darriwilian
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(Middle Ordovician) Castle Bank Burgess Shale-type fauna
of Wales, UK. One additional echiuran specimen is de-
scribed in open nomenclature.

Institutional abbreviation—NMW, Amgueddfa Cymru
National Museum Wales, Cardiff, UK.

Nomenclatoral acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank:
urn:lsid:zoobank.org:pub:98D701B1-231A-409F-8CD2-
ABBBA3264C45.

Geological setting

The specimens described here are from the Darriwilian,
Middle Ordovician (Didymograptus murchisoni Biozone)
Castle Bank Biota of central Wales (Fig. 1). Previous pa-
pers have described sponges (Botting 2021; Botting and
Ma 2022; Botting et al. 2023a) and opabiniid-like arthro-
pods (Pates et al. 2022), with an introduction to the assem-
blage and sedimentology provided by Botting et al. (2023b).
The Castle Bank location lies within the Gilwern Volcanic
Formation of the Builth-Llandrindod Inlier (Schofield et
al. 2004). This area records the entire history of a volcanic
island sequence (Botting and Muir 2008) through approx-
imately ten million years, with richly fossiliferous hori-
zons at all levels. Castle Bank falls into the upper part of
the Gilwern Volcanic Formation, a short distance strati-
graphically below the Cwm Amliw Tuff Formation, and the
biostratigraphic age is constrained by abundant graptolites
(Botting et al. 2023b). Details of the Castle Bank site are not
being published to protect the fauna from uncontrolled col-
lecting, but exact locality information is deposited with the
specimens in Amgueddfa Cymru National Museum Wales
and is thus available to researchers.

The Castle Bank deposits represent the waning phase
of volcanism, with eruptions still continuing in the south of
the inlier at this time (Schofield et al. 2004). Interpretation
of the palacoenvironment indicates a water depth around
storm wave base, probably between 50 and 100 m below
sea level, with burial under low-oxygen conditions (Botting
et al. 2023b). The sediment consists of a sequence of finely
laminated siltstone and mudstone beds, micaceous siltstone,
and volcanic ash layers, with the background fossil assem-
blage composed dominantly of planktonic graptolites and
small phosphatic brachiopod valves.

Fossils with exceptional preservation, showing carbon-
film preservation of even labile tissues such as internal
organs, are primarily limited to an interval 20 cm thick,
known as horizon A3—A4 (Botting et al. 2023b). This inter-
val is composed dominantly of thin (up to 4 cm thick) event
beds composed of transported micaceous silt, and contains
locally abundant remains of entirely soft-bodied organisms,
including the material described here.
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Fig. 1. A. Location of Castle Bank within Wales (highlighted within UK, in-
set). B. Stratigraphic position within the sequence of the Builth-Llandrindod
Inlier. Asterisk indicates Castle Bank locality.

Material and methods

Imaging of the specimens was carried out with a GXCAM
HICHROME AF MET 2 megapixel digital camera (GX
Microscopes, Wickhambrook, Suffolk, UK) attached to a
Leica S8 APO stereomicroscope (Leica, Wetzlar, Germany),
illuminated primarily with a Leica LED 3000 RL cross-
polarising ring light. Specimens were photographed dry,
without water or alcohol; this is because the relatively coarse-
grained and unmetamorphosed siltstone is prone to crack-
ing when wetted and dried, and it was not safe immerse it.
Images were processed (brightness and contrast) with Open
Office, and stacking of images was performed with Helicon
Focus 8. All studied fossil material is housed in Amgueddfa
Cymru National Museum Wales, Cardiff (UK).
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Fig. 2. Recent thalassematid echiuran (A) and a fossil equivalent (B). A. ?Ochetostoma sp., highlighting significant features for comparison with the fos-
sils (photograph courtesy of Arthur Anker), typical length 10-20 cm. B. Holotype of Llwygarua suzannae gen. et sp. nov., from the Darriwilian (Middle
Ordovician) of Castle Bank, Wales, UK, NMW.2021.3G.99 showing overall specimen in slightly oblique lateral view (B;); enlargement with anterior
ventral part of trunk (B,), showing one anterior seta (white arrow) and probably second seta (black arrow); detail of proboscis in cross-polarised light
(Bs), showing reticulate structure and anterior projections adjacent to midline; central region of trunk with distinctive wrinkling of cuticle in response to
compression (B,), and proboscis in plane-polarised light (B;), with anterior projections arrowed.
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Systematic palacontology

Phylum Annelida Lamarck, 1802

Class Polychaeta Grube, 1850

Subclass Echiura Sedgwick, 1898

Suborder Echiurida Sedgwick, 1898

Family Thalassematidae Forbes and Goodsir, 1841
Genus Liwygarua nov.

ZooBank LSID: urn:lsid:zoobank.org:act:7D02B25D-F3F1-476E-8196-

387F4BAFFO9EE

Etymology: From Welsh Llwy garu, a love spoon: a traditional carved
wooden spoon, given as a gift of romantic intent, in Wales; in refer-
ence to echiurans (spoon worms). Pronounced “H-loui-garry-a”. Gen-
der feminine.

Type species: Llwygarua suzannae sp. nov., see below. By monotypy.
Diagnosis.—As for the type species.

Remarks.—Recognition of the new genus as an echiuran is
based on the presence of several key features, including the
presence and form of the proboscis, diagnostic muscle-band
arrangement, anterior setal pair and the presence of a differ-
entiated caudal region. The combination of characters that
have been preserved is fully diagnostic of the Echiurida; in
particular, no other worms show the same bilobed proboscis
morphology or pair of anterior setae, and the musculature is
also highly distinctive.

No described fossil echiurans show even an approxi-
mate similarity to the new genus. The closest similarity is
to the extant thalassematids such as Ochetostoma Riippell
and Leuckart, 1828 (e.g., Fig. 2A), but assignment of an
Ordovician fossil to a living genus would be highly conten-
tious, and the current morphological classification of gen-
era within the family appears unreliable (Goto et al. 2020).
Some of the key characters that are applied in living taxa
(e.g., the number and arrangement of nephridia) cannot be
assessed, so such an assignment would be based on in-
complete characters. There are also some possibly unique
characters in the fossil specimens described here, such as
the reticulate structure of the proboscis, that support sep-
aration. Overall, diagnosis of the new species and genus is
based on the limited characters that are preserved, and these
cannot be used to separate it easily from extant thalassema-
tids; although a distinct generic assignment is preferred, it
remains possible that future discoveries and advances in
classification of modern taxa will support a reassignment of
Llwygarua gen. nov. to an extant genus.

Stratigraphic and geographic range—Darriwilian, Middle
Ordovician (Didymograptus murchisoni Biozone) of Castle
Bank, near Llandrindod, Wales, UK.

Llwygarua suzannae sp. nov.
Figs. 2B, 3, 4.

ZooBank LSID: urn:lsid:zoobank.org:act: ADCFAAFC-D007-496D-
AC8A-3809F1CA6F7E
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Etymology: After Suzanne Douel, a retired biology teacher who has
supported research on the Castle Bank fauna since its discovery.

Type material: Holotype, NMW.2021.3G.99, complete specimen in
lateral view. Paratype, NMW.2021.3G.100 , complete specimen with
folded proboscis from the type locality and horizon.

Type locality: Castle Bank, near Llandrindod, Wales, UK.

Type horizon: Didymograptus murchisoni Biozone, Darriwilian, Mid-
dle Ordovician.

Material: Type material and probably also NMW.2021.
3G.101, complete specimen in dorsal view, with fine details
lacking, from the type locality and horizon.

Diagnosis.—Trunk widest at anterior, tapering to short,
bluntly pointed caudal tip, which curves slightly ventrally;
no obvious anal hooks; proboscis approximately half length
of trunk and nearly as broad, bilobed with slightly irregular
margins and with short anterior projections either side of
gutter along the midline; texture of proboscis weakly reticu-
late. Pair of stout, straight anterior setae. Longitudinal trunk
muscles form approximately 8—12 broad bands; oblique
transverse musculature finer but also fasciculated.

Description—Worm with trapezoidal trunk and broad, bi-
lobed proboscis. Holotype (Fig. 2B) preserved in oblique
lateral view, and paratype (Fig. 3) mostly lateral with pro-
boscis folded over and with lobes flattened out to either
side. The holotype is 7 mm long and 1.5 mm wide, and the
paratype is 5.5 mm long and 1.2 mm wide. The additional
specimen is also 5.5 mm long and 1.2 mm wide. The signifi-
cant information is derived from the holotype and paratype.
The specimen NMW.2021.3G.101 (Fig. 4) shows the same
proportions and body shape (including narrowed caudal re-
gion), but is complicated by wrinkling and lacks the fine
detail to confirm the assignment.

Trunk broadest close to anterior end, tapering gradually
towards posterior, then more rapidly in the posteriormost
third (change in angle of taper much stronger on ventral side
than dorsal). Posterior termination bluntly pointed, bending
ventrally (Fig. 2B;). In the paratype, there are several irreg-
ular projections (Fig. 3A,) that may result from decay of this
region, and possibly reflect some internal structures of the
anal region, but are too indistinct to be clearly interpreted.

Surface of trunk is wrinkled, presumably due to com-
paction of the cuticle, which shows no distinct texture and
was apparently smooth. Anterior ventral setal pair visible in
holotype (one distinct, the other probably present but partly
overlapping compressed margin; Fig. 2B,). Setae straight,
at least 0.3 mm long (base uncertain), and relatively robust
with blunt end.

Multiple dark longitudinal bands are visible in the trunk
of the paratype (Fig. 3A;, A,), and less clearly in the holo-
type (Fig. 2B)); these are interpreted as longitudinal subder-
mal muscle bands. The number of these cannot be counted
accurately due to the superposition of the two sides of the
body wall, but the estimated number is 8—12. Finer oblique
to transverse lines are superimposed on the primary muscle
bands in the paratype, forming narrow bundles (probably of



BOTTING AND MUIR—ECHIURAN WORM FROM THE ORDOVICIAN OF WALES

Fig. 3. Thalassematid echiuran Liwygarua suzannae gen. et sp. nov., from the Darriwilian (Middle Ordovician) of Castle Bank, Wales, UK, paratype
NMW.2021.3G.100. A}, overall view; A,, close up showing detail of central region of trunk, with muscle arrangement of longitudinal and oblique muscle
bundles (arrowed); A3, proboscis with anterior projections arrowed, As, close up showing reticulate structure; A4, caudal region with irregular structures
possibly resulting from damage.
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Fig. 4. Thalassematid echiuran Llwygarua suzannae gen. et sp. nov., from the Darriwilian (Middle Ordovician) of Castle Bank, Wales, UK,
NMW.2021.3G.101. A, overall view of worm in probably dorsal view; A,, proboscis and midline structures; As, detail of apex of proboscis, the anterior
projections faintly visible (arrowed); A4, counterpart of Ay; As, close up of A4 showing caudal region.

at least 23 fibres) at around 70° to the longitudinal struc-
tures (Fig. 3A,). Oblique structures only locally visible, but
are aligned with steps in trunk outline (Fig. 3A;) and there-
fore appear to have exerted some control of deformation
during burial; holotype shows similarly-angled fabric.
Proboscis (Figs. 2Bs;, Bs, 3A3) with midline separating
two lobes, approximately half as long as trunk, and around
80% as wide (depending on angle of flattening). Margin
slightly undulating and finely crenulated (Fig. 3A5), but on
larger scale effectively straight until broadly rounded apex
(Fig. 2B;). Based on angles of flattening, the two lobes curl
inwards ventrally. Internal darker strands mark the midline

between lobes (Figs. 3A3, 4A,), around the expected loca-
tion of the gutter leading to the mouth. Either side of the
midline, short (0.1-0.2 mm) sharply rounded projections
extend from the apex (Figs. 2B;, Bs, 3A3); these projec-
tions are also weakly preserved in the additional specimen
(Fig. 4A3). The lobes of the proboscis show a distinct po-
lygonal reticulation of darker lines (Figs. 2Bs, 3As), simi-
lar in preservation to that of nervous tissue in arthropods
(Botting et al. 2023b).

Remarks—The new species is reconstructed in Fig. 5.
There are no comparable fossil echiurans with which this
species could be confused. Coprinoscolex ellogimus Jones
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Fig. 5. Reconstruction of Liwygarua suzannae gen. et sp. nov.; observed size range: 5.5 to 7 mm long.

and Thompson, 1977, from the Carboniferous Mazon Creek
Biota shows little fine detail but is different in shape (ta-
pered at both ends), with a much smaller, fan-like pro-
boscis and no anterior setae (Jones and Thompson 1977).
Those authors used the lack of setae to argue that the
species should be assigned to the extant echiuran fam-
ily Bonellidae, but this is not strong evidence. The speci-
mens typically also contain Tomaculum-like, cylindrical
pellets, for which there is no evidence in the Castle Bank
Biota. Such pellets could be produced by various worms,
including annelids and priapulids (Hu et al. 2021), and the
assignment of Coprinoscolex ellogimus to the echiurans
was based primarily on the proboscis, body form and con-
voluted gut. Whilst this is reasonably compelling, there is
little similarity of Coprinoscolex ellogimus to Llwygarua
suzannae gen. et sp. nov.

The most challenging feature to interpret in the new ma-
terial is the reticulation on the proboscis, which has no obvi-
ous counterpart in living echiurans. However, the structures
and sculpture of modern echiuran probosces are diverse,
including a variety of ridged forms (Maiorova and Adrianov
2018), and it is possible that this feature represents either a
surface texture, or an internal organisation of, e.g., nerves
or blood vessels. No such features are known in the very
limited material of other echiuran fossils, however, and such
anatomical details as could explain the structures are not
preserved in Coprinoscolex ellogimus; at this stage the true
interpretation of the reticulation is unknown.

Stratigraphic and geographic range.—Type horizon and
locality only.

Echiura gen. et sp. indet.
Fig. 6.
Material —NMW.2021.3G.102, complete specimen in lat-

eral view, from level A3—A4 at the type locality and horizon
for Liwygarua suzannae gen. et sp. nov.

Description—A single specimen preserved in lateral
view. Length 2.1 mm, of which 1.3 mm is the trunk, and
0.8 mm the more flexible, wrinkled proboscis (which is
otherwise preserved with similar appearance to the trunk).

Maximum dorsoventral width 0.3 mm, constant in anterior
half then gradually tapering to sharply rounded tip. Caudal
apex showing three or four possible blunt projections, up to
0.08 mm long, directly obliquely backwards on the ventral
surface (Fig. 6As, Ay).

Proboscis maximum width almost as wide as trunk, sin-
uous, narrowing immediately above junction with trunk,
but then expanding slightly to 0.3 mm, before narrowing to
apex that is truncate and 0.2 mm wide (Fig. 6A,). Proboscis
marked by irregular reticulation (slightly elongated longi-
tudinally) of polygonal cells up to 0.07 mm long (Fig. 6A,).
Margins of proboscis with fine serration or tuberculation.
Apical margin apparently slightly frayed, with diverging
strands from reticulation. No setae or muscles preserved.

Remarks—No categorically diagnostic echiuran characters
are visible in this specimen, but it shows close similarity
to Liwygarua suzannae gen. et sp. nov. in most features,
including the preservation, body shape and reticulation of
the proboscis, and is presumed to be closely related to that
species. Nonetheless, it differs in several key features. In
particular, the proboscis is proportionally much longer and
more sinuous. This is a fundamental difference and may
well indicate its status as a separate species. The projections
in the anal region also appear to differ significantly from
Llwygarua suzannae gen. et sp. nov., but this would need to
be confirmed from additional specimens.

Aside from being difficult to describe as a new species
based on only a single specimen, the small size of this
worm compared with the material of Liwygarua suzan-
nae gen. et sp. nov. makes possible an interpretation as
a juvenile of the latter. This interpretation would require
allometric growth of the proboscis and trunk, with the
proboscis being relatively long in juveniles. Such changes
can occur in the related sipunculans (Schulze and Rice
2009), so this hypothesis is not unreasonable; however, the
reticulation of the proboscis is on a similar scale to (and
slightly coarser than) that in the much larger Liwygarua
suzannae gen. et sp. nov. specimens, and this is difficult
to reconcile with a growth difference. The anal structures,
if confirmed, would also be compelling evidence of this
being a distinct species.
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Discussion

Taxonomic affinity and implications for echiuran di-
versification.—The Castle Bank echiurans are the oldest
yet found, pre-dating the Carboniferous Coprinoscolex el-
logimus by around 150 Myr. Although the echiuran fossil
record is extremely sparse (no other body fossils have been
recorded), this is an unexpectedly early date for this major
group of annelids, and it might be assumed that the fos-
sils represent an early-branching member of the echiuran
clade. However, the morphology of the proboscis and the
preserved musculature are diagnostic of the extant family
Thalassematidae, and particularly close to the large genus
Ochetostoma. This family was recovered by Goto et al.
(2013) as topologically the most derived family of echiurans,
although the Bonellidae and Ikedidae had longer branches
leading to them. Within the Thalassematidae, Ochetostoma
was recovered as the most derived genus by Goto et al.
(2013), but genera in the family were not recovered as mono-
phyletic by Goto et al. (2020).

The primary diagnostic features of Ochetostoma are
the strongly bundled longitudinal trunk muscles, combined
with finer but also fasciculated oblique muscles (Stephen
and Edmonds 1972). Both muscle types are visible in the
paratype, the longitudinal muscle bands being prominent,
and the fasciculated oblique muscles fainter but locally visi-
ble. The non-monophyletic status of the genus recovered by
Goto et al. (2020), however, makes this character potentially
unreliable for phylogenetic classification, and the morpho-
logical characters needed to define genera may need to be
reassessed. The number of longitudinal muscle bands is a
species-level diagnostic character, and in living taxa ranges
from seven to twenty-two (Stephen and Edmonds 1972).
The exact number of longitudinal muscle bands in the new
species is unclear due to superimposition and obscuration
of the two surfaces, but the observable spacing suggests at
least 8—10 bands around the circumference, and therefore
falling within the lower end of the modern range.

The morphology of the proboscis is also strongly remi-
niscent of some species assigned to the extant Ochetostoma,
including the broad, bilobed form with limited incurvature
at the margins, the paired anterior projections either side of
the midline, and the slightly scalloped, lobate lateral mar-
gins (Figs. 2Bs, 3A3). Other echiuran groups have a wide di-
versity of proboscis morphology, ranging from strongly bi-
furcating to highly elongate, or strongly enrolled to become
partly tubular. The morphology of the proboscis appears to
be evolutionarily flexible, but the close similarity to some
modern thalassematids is nonetheless remarkable.

The combination of proboscis morphology with the di-
agnostic trunk musculature requires an assignment not only
to the Echiura, but also to the Thalassematidae, with an
apparently close affinity to species that have been assigned
to Ochetostoma. The taxonomic unreliability of the mor-
phological characters, however, precludes an assignment to
any genus within the family. Based on the sparse previous
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record (including their absence from other Burgess Shale-
type faunas), this is a remarkable and unexpected find-
ing, which if we accept the current molecular phylogenies,
suggests that much of echiuran diversification had already
occurred by the Middle Ordovician. There is little published
work predicting the timing of origin of echiurans from mo-
lecular clocks, with one relatively unconstrained polychot-
omy in Parry et al. (2014) indicating an origin of the group
after the beginning of the Ordovician. There is, however,
increasing evidence for diversification of the annelid crown
group within the early Cambrian (Chen et al. 2020; Zhang et
al. 2023; Zhao et al. 2023). Given the position of echiurans
+ capitellids as being sister to Terebellida + Arenicolida
(Kobayashi et al. 2022), and the apparent presence of a rela-
tively derived, cirratuliform terebellid in the early Cambrian
(Zhang et al. 2023), the presence of echiurans in the Middle
Ordovician is not unexpected.

Preservation of muscles.—Interpretation of soft-bodied
fossils is dependent on the preservational biases affecting
their visible morphology, and the ability to distinguish real
morphological features from taphonomic artefacts and min-
eralogical overprints. Different tissue types and organs of-
ten preserve very differently within and between deposits,
and therefore knowledge of the typical preservation in the
deposit in question is crucial to palaecobiological interpre-
tation. Investigations into the taphonomy of Castle Bank
are, however, in their very early stages, with only some gen-
eralisations yet being available. Initial results indicate the
presence of a wide range of tissue types (Pates et al. 2022;
Botting et al. 2023b), from sclerotised to entirely soft and
delicate structures such as food-gathering tentacles. Internal
organs include at least gut preservation and structures re-
sembling neural tissue (Botting et al. 2023b), indicating at
least the potential for other internal tissue types.

Preservation at Castle Bank is almost entirely as car-
bon films, with localised pyrite framboids (Botting et al.
2023b). In appearance, the unweathered fossils closely re-
semble those of the Burgess Shale, being composed largely
of thin, reflective films and darker brown-to-black carbo-
naceous remains. Castle Bank has not been significantly
metamorphosed or weathered, so the fossils lack substantial
secondary clay minerals or oxides, and are less compressed
(often preserved with a degree of wrinkling). Differentiation
of the tissue types within the fossils has not yet been estab-
lished in detail, but softer, more labile tissues often appear
darker, rather than as dense reflective films that represent
more sclerotized material. In the present paper there are
structures interpreted as muscle bands based on their mor-
phology and position. Muscles have not yet been recognised
in other Castle Bank fossils, and here are much clearer in
one specimen than the other.

In Cambrian Burgess Shale-type faunas, muscle-related
structures are preserved commonly in chordates, but are
also known or suspected from other groups such as the prob-
lematic Atalotaenia adela Garcia-Bellido Capdevila and
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Fig. 6. Echiura gen. et sp. indet. from the Darriwilian (Middle Ordovician) of Castle Bank, Wales, UK, NMW.2021.3G.102. A, overall view; A,, probos-
cis; As, caudal region; Ay, close up showing projections from anal region. A in plane-polarised light, A)—A, in cross-polarised light.

Conway Morris, 1999, from the lower Cambrian Kinzers
Formation of Pennsylvania, and possible muscle-associated
collagenous tissues in the problematic, possible ctenophore
Siphusauctum gregarium O’Brien and Caron, 2012 from
the middle Cambrian Burgess Shale of British Columbia.

Muscles themselves do not appear to be preserved within
the Burgess Shale (Butterfield 2003; Gaines et al. 2012),
consistent with taphonomic experiments that indicate loss
of labile internal organs at a similar speed to loss of mus-
cles, with significant decay within a few days (e.g., Sansom
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2016). However, this pattern is contradicted by work on
chordates, where myomeres apparently decay very slowly
(Sansom et al. 2010), and are a diagnostic feature of the
fossils (Conway Morris 2008). In the Chengjiang Biota,
certain structures have been interpreted as muscles in,
for example, arthropods (Fu and Zhang 2011), lobopodi-
ans (Vannier and Martin 2017), and cnidarians (Hou et al.
2005). Butterfield (2003) proposed that muscles are not
preservable even in the Burgess Shale itself due to their
labile nature, and emphasised that such labile structures
cannot be recognised on the basis of morphology alone.
However, neural tissue is now widely recognised across
several Cambrian deposits, including the Burgess Shale, in
arthropods, priapulids, annelids and ctenophores (Ortega-
Hernandez et al. 2019; Parry et al. 2021); such labile tissues
may have been preserved preferentially relative to other
tissues through specific chemical processes (Saleh et al.
2022). Preservation of labile tissues such as muscles there-
fore requires explanation, but cannot be assessed purely on
the basis of a simple taphonomic gradient.

The preservation of muscle bands in the Ordovician
Castle Bank echiurans suggests some taphonomic differ-
ence from the Cambrian Burgess Shale and equivalents.
However, in this case the muscles are strong morphological
features, with discrete and identifiable morphology, and the
group is not present in the Burgess Shale. Sipunculans (a
related group with similarly substantial muscles associated
with the proboscis) are present in the Chengjiang Biota
(Huang et al. 2004), but rarely, and muscles do not appear
to be preserved in those specimens. In the case of the Castle
Bank echiurans, longitudinal muscle bands in modern
forms are sometimes associated with colour changes vis-
ible on the exterior (Stephen and Edmonds 1972; Fig. 2A),
and it is possible that differential pigmentation or other
cuticular characters could be exaggerating a preservational
difference.

Given the known taphonomy of the Castle Bank fauna,
and comparison with muscle preservation in the Chengjiang
Biota, muscle preservation should not be unexpected. The
presence of muscles may, however, suggest a slight differ-
ence in taphonomy from the Burgess Shale itself, with some
aspect of the preservational history making muscle preser-
vation more likely.

Conclusions

A new species of fossil echiuran worm from the Darriwilian,
Middle Ordovician, Castle Bank Biota is not only the oldest
known by some 150 million years, but also appears to be
morphologically extremely derived, and assignable to the
extant family Thalassematidae. This discovery indicates a
very early cryptic diversification of the echiurans, support-
ing recent discoveries of other relatively derived annelids
in early Cambrian Burgess Shale-type faunas (Chen et al.
2020; Zhang et al. 2023).
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