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First evidence of attached juveniles in the solutan echinoderm
Pahvanticystis from the middle Cambrian Weeks Formation

(Utah, USA)

HARRY J. SAVAGE and IMRAN A. RAHMAN

The fossil record of the Palaeozoic echinoderm class Soluta
suggests they originated in the Miaolingian (middle Cam-
brian) of Laurentia as permanently attached suspension
feeders, demonstrating a stepwise shift towards vagility in
successive strata. Here, we report a new specimen of Pah-
vanticystis cf. utahensis associated with three putative juve-
niles interpreted as belonging to the same species. We inter-
pret this as evidence of facultative attachment in juveniles
of Pahvanticystis, which had not previously been reported
in this taxon, but is known in the earlier genus Castericystis.
Our findings indicate that attachment as a juvenile was
more widespread in solutans than previously thought.

Introduction

Solutans are an extinct class of non-radial echinoderms known
from the middle Cambrian to the Middle Devonian, which are
characterized by the presence of a short anterior feeding append-
age, a polyplated theca, and a long posterior appendage (Caster
1968). To date, three species have been formally described from
the middle Cambrian, all of which come from Utah in the west-
ern United States: Coleicarpus sprinklei Ubaghs & Robison,
1988, from the Wheeler Formation (Ubaghs and Robison 1988;
Daley 1996), Castericystis vali Ubaghs & Robison, 1985, from
the Marjum Formation (Ubaghs and Robison 1985; Daley
1995), and Pahvanticystis utahensis Lefebvre & Lerosey-
Aubril, 2018, from the Weeks Formation (Ubaghs and Robison
1985; Lefebvre and Lerosey-Aubril 2018). These taxa appar-
ently varied in the extent to which they were attached during
life. Both juvenile and adult specimens of C. sprinklei are pre-
served attached to hard substrates (e.g., skeletal fragments) by
the distal end of the posterior appendage, strongly suggesting
it was permanently attached throughout life (Daley 1996). In
contrast, while juveniles of C. vali have been found attached
to adults, adult specimens are thought to have been free-living,
indicative of facultative attachment (Ubaghs and Robison 1985;
Daley 1995; Smith 2008). However, until now, there was no evi-
dence for attachment in any known specimens of Pahvanticystis
(Lefebvre and Lerosey-Aubril 2018). Here, we report three
juveniles of Pahvanticystis directly associated with an adult
specimen, which we interpret as attachment. Considering the
scarcity of known juveniles for most solutan taxa, this is consis-
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tent with the suggestion that facultative attachment as juveniles
was more common across the group than previously thought
(Lefebvre and Lerosey-Aubril 2018).

Material and methods

Our study is based on a specimen of Pahvanticystis cf. utahen-
sis (formerly identified as “Castericystis sp. nov.”) housed at the
Natural History Museum, London (NHMUK EE 5769). This
specimen comes from the upper Weeks Formation (Guzhangian,
Miaolingian, Cambrian) in the North Canyon in the Sawtooth
Mountains, Central House Range, Millard County, Utah,
USA, about 200 m above the underlying Marjum Formation.
It was collected by E. Cole and donated to the Natural History
Museum by K.D. Kehrberg in 1993. The specimen is preserved
in a light grey shale matrix, different to all previously reported
specimens of Pahvanticystis utahensis. It consists of three puta-
tive juvenile solutans preserved on top of an adult. It was pho-
tographed with a Canon EOS 90D camera using a Canon EF-S
18—135 mm lens and Canon EF 100mm macro lens.

Institutional abbreviations—NHMUK, Natural History Mu-
seum, London, UK.

Results

The adult solutan has a pear-shaped theca, measuring ~17 mm
in maximum length and ~9 mm in maximum width. It is made
up of numerous small, tessellated, polygonal plates, with a
well-developed preanal lobe (Figs. 1A, 2). The theca shows
signs of post-mortem flattening (i.e., raised thecal margins)
indicating that it was probably inflated in life. Many small,
unorganised plates (adsteleals) border the insertion of the pos-
terior appendage (homoiostele). The periproct is located on
the lateral margin of the theca to the right of the homoiostele
(Figs. 1A, A,, 2). It consists of a small pyramid (~0.7 mm in
diameter) of elongate plates.

The feeding appendage is inserted laterally towards the left
margin of the theca (Figs. 1A, 2). It is composed of two sets of
opposing flooring plates and two sets of cover plates, which are
partially exposed and apparently aligned with the flooring plates
(Figs. 1A, 2). The feeding appendage is incomplete in the mid-
dle, with around 30 rows of plates evident in the preserved part.
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Fig. 1. Solutan echinoderm Pahvanticystis cf. utahensis Lefebvre & Lerosey-Aubril, 2018 (NHMUK EE 5769) from the upper Weeks Formation, Gu-
zhangian, Miaolingian, Cambrian, House Range, Utah, USA. A, overview of complete specimen; A,, close-up of spike-like structure at the distal end
of the dististele; A,, close-up of periproct in the adult; A, A, close-ups of three juveniles of Pahvanticystis cf. utahensis; red, blue, and yellow overlays
highlight the three juveniles. A, close-up of proxistele in the adult; A, close-up of periproct in juvenile 2; A, Close-up of feeding appendage in the
adult. Abbreviations: FA, feeding appendage, J, juveniles, J1-3, juvenile 1-3, Pr, proxistele, Me, mesistele, D1, dististele, PL, preanal lobe, Sp, spike, Pp,
periproct, CP, cover plates, FP, flooring plates.

It is ~7 mm in length and decreases in width distally. The num-
ber and arrangement of thecal plates surrounding the feeding
appendage are unclear. No hydropore or gonopore is apparent,
perhaps because they are obscured by the feeding appendage.
The homoiostele is ~17 mm in length and can be divi-
ded into proximal (proxistele) and distal (dististele) regions
(Figs. 1A, 2). The proxistele is ~3.5 mm at its widest, tapering

distally, and comprises about 38% (~6.5 mm) of the total length
of the homoiostele. It appears to be largely unorganised, con-
sisting of numerous scale-like plates; however, these plates are
apparently arranged into at least three rings at the distal end
of the proxistele (Figs. 1A,, 2). An intermediate region (me-
sistele) between the proxistele and dististele may be present but
is poorly preserved, with the structure of the plating unclear
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Fig. 2. Line drawing of solutan echinoderm Pahvanticystis cf. utahensis Lefebvre & Lerosey-Aubril, 2018 (NHMUK EE 5769) from the upper Weeks

Formation, Guzhangian, Miaolingian, Cambrian, House Range, Utah, USA.

(Figs. 1A, 2). The dististele is largely missing, but impressions
in the matrix indicate that it was strongly curved and flat-
tened (Fig. 1A)). An elongate spike-like structure measuring
~1.5 mm, is located at the distal end of the dististele (Figs. 1A,
A, 2). This is composed of six plates ~0.25 mm long, with
width slightly tapering from ~0.2 mm to 0.1 mm distally.

The morphology of this specimen strongly suggests that
it is a species of Pahvanticystis rather than a new species of
Castericystis. In particular, the laterally displaced feeding ap-
pendage, flattened, curved dististele, and pear-shaped theca
are diagnostic characters shared with Pahvanticystis utahensis.
The specimen differs from C. vali in two main ways: (i) the
feeding appendage is laterally displaced to a greater extent than
in C. vali, (ii) there is a large preanal lobe, which is not present
in C. vali. The proxistele rings in this specimen do not appear to
be tetrameric, as previously reported for P. utahensis (Lefebvre
and Lerosey-Aubril 2018) and instead consist of numerous un-
organised scales. However, specimens of C. vali exhibit sim-
ilar variation in the structure of the proxistele (Ubaghs and
Robison 1985; Daley 1995); and so we consider this difference
as insufficient to erect a new species. Instead, this morpho-
logical variation probably corresponds to intraspecific or on-
togenetic variation, as previously reported in the Ordovician
solutan Dendrocystites Barrande, 1887 (Noailles et al. 2014).
Nevertheless, the alternative proxistele organization prevents
confident identification of the specimen at the species level. We
therefore refer to it herein as Pahvanticystis cf. utahensis.

Three smaller echinoderms are preserved on top of the
adult towards the anterior margin of the theca (Fig. 1A, A,).
Owing to the very small size of these individuals (at least 10x
smaller than the adult), they are best interpreted as juveniles.
The juveniles are partly disarticulated and, in some cases, it is
difficult to unambiguously determine which fragments belong
to which specimen. Our interpretation (Fig. 1A,) is as follows.
Juvenile 1 has a polyplated, unorganised theca comprised of at

least eight polygonal plates. It measures ~1.5 mm in length and
has a posterior appendage measuring ~1 mm in length (pre-
sumably incomplete), in which at least three plates are visible.
Juvenile 2 has a theca measuring ~0.75 mm in length, with no
visible plate boundaries but exhibiting lobation at the poste-
rior part of the theca. An apparently radially plated structure
~0.2 mm wide located near the lobed region is inferred to be
the periproct (Fig. 1A,). A curved elongate structure ~0.6 mm
long appears to protrude from the anterior of the theca and is
interpreted as the feeding appendage. Two posterior append-
age plates are preserved close to the theca, but they may not
have belonged to this individual. Juvenile 3 has a smaller theca
(~0.6 mm long) than the others, comprised of at least three
rounded polygonal plates. Its posterior appendage is ~2 mm
long and is comprised of two longitudinal series of plates. At
least three elongate plates can be seen on one side of the ap-
pendage, but plate sutures are not apparent on the other side.

Discussion

The presence of a posterior appendage and a single anterior
feeding appendage clearly demonstrate the putative juveniles
are solutans. We interpret them as belonging to the genus
Pahvanticystis cf. utahensis for three main reasons: (i) the two
series of homoiostele plates have a left-right arrangement in
juvenile 3, similar to “syringocrinid” solutans (Noailles et al.
2014), (ii) the thecal lobation in juvenile 2 resembles the pre-
anal lobe of adult Pahvanticystis, which is further supported
by the position in this specimen, and (iii) Pahvanticystis is the
only solutan genus known from the upper Weeks Formation
(Lefebvre and Lerosey-Aubril 2018). Moreover, in Coleicarpus
sprinklei and Castericystis vali, juveniles associated with
adults are always of the same species (Ubaghs and Robison
1985; Daley 1995, 1996), and we therefore suggest the same
was true for Pahvanticystis cf. utahensis.
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The three juvenile Pahvanticystis cf. utahensis are located
near the anterior end of the theca of the underlying adult Pak-
vanticystis cf. utahensis, situated on the oral surface of the
adult, i.e., the surface bearing the ambulacral food groove, and
we infer that they were attached to the adult in life, as in the
solutans C. sprinklei (Ubaghs and Robison 1988; Daley 1996)
and C. vali (Ubaghs and Robison 1985; Daley 1995). There is
no evidence of a holdfast structure at the termination of the
homoiostele in any of the juveniles described herein, but this
part is poorly preserved in all cases. Moreover, the presence
of a spike-like structure at the end of the dististele in adults
of Pahvanticystis, which resembles that of C. vali, could indi-
cate that such a structure was also present in juveniles, where
it played a role in attachment (Lefebvre and Lerosey-Aubril
2018). However, we cannot categorically rule out the alterna-
tive interpretation that the association of juveniles with the
adult could be due to post-mortem transportation.

If the juveniles were attached to a free-living adult while
it was alive, this would necessarily imply that they were asso-
ciated with either the upper or lateral surfaces of an inflated
theca (Noailles et al. 2014). If the juveniles were attached to the
lateral surface, their position would provide no indication of the
animal’s life orientation. However, if they were attached to the
upper surface of the associated adult, this would have meant the
food groove must have faced away from the substrate, indicating
that Pahvanticystis cf. utahensis was likely a suspension feeder
(an upward-facing food groove could not have reached the sub-
strate unless highly contorted). The latter would differ from the
situation in C. vali, in which juveniles are preserved attached to
the upper surface (dorsal surface of Daley 1995) with the food
groove facing downwards, consistent with the interpretation of
C. vali as a deposit feeder (at least as an adult) (Daley 1995;
Noailles et al. 2014). An alternative possibility is that the juve-
niles were attached to a dead adult, in which case the orientation
of the adult would not necessarily inform on their likely feeding
mode, but this is very unlikely considering the relatively good
preservation of the adult specimen (owing to the weak suturing
between thecal plates in solutans, very rapid post-mortem disar-
ticulation would be expected (Brett et al. 1997).

Conclusions

In conclusion, we hypothesise that Pahvanticystis cf. utahen-
sis displayed a similar (facultative) attachment strategy to
Castericystis vali, attaching to hard substrates as a juvenile
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before developing into a free-living adult. If juveniles did
indeed attach to the upper surface of a free-living adult, this
would imply a suspension feeding strategy for Pahvanticystis
, albeit we cannot rule out the alternative possibility that
they were attached to the lateral margin of an inflated theca.
Lastly, our findings strengthen support for the suggestion
that attachment as juveniles was widespread across the class
Soluta (Lefebvre and Lerosey-Aubril 2018), at least in the
earliest solutan taxa.
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