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Abstract: ‘Asturicystis havliceki Fatka & Kordule from the
middle Cambrian of Bohemia (Czech Republic) is re-described
based on its type material. Several features, including the
extension of the food grooves and presence of ventral swellings
suggest that ‘A.” havliceki does not belong to Asturicystis, and is
placed in the new genus Bohemiacinctus. To ascertain the
phylogenetic position of Bohemiacinctus havliceki, we con-
ducted Bayesian fossil tip-dating and parsimony-based phylo-
genetic analyses of 24 species spanning all major groups of
cinctan higher taxa. Results show a high degree of congruence
between tree topologies recovered by both tip-dated and
parsimony-based analyses. Both methods indicate B. havliceki

is phylogenetically distant from Asturicystis and is most likely
to be an early representative of the family Sucocystidae. Over-
all, our phylogeny is broadly similar to previous estimates of
cinctan relationships, including a more conventional phylo-
genetic position of controversial taxa such as Protocinctus.
These results point to the sensitivity of small clades such as
cinctans to taxon sampling effects, and highlights the impor-
tance of taxonomy and accurate morphological character
descriptions in phylogenetic analyses of fossil taxa.

Key words: echinoderm, Gondwana, phylogeny, Asturicystis,
Sucocystidae.

Cincrans include a small group of echinoderms restricted
to the Miaolingian of Gondwana (including Avalonia) and
Siberia (Friedrich 1993; Rozhnov 2006; Zamora et al.
2013a). They are bizarre echinoderms with an almost sym-
metric body displaying a characteristic racket-like shape
(Ubaghs 1967). Despite this trend to a general bilateral
shape, cinctans have an asymmetric main feeding structure.
The mouth of cinctans lies in the anterior right side of the
marginal frame (cinctus), where one or more, generally
two, asymmetric food grooves converge (Ubaghs 1975),
and which has been considered one of the main characteris-
tics of the group (Barrande 1887; Jackel 1918). Anteriorly,
cinctans possessed a large diagnostic plate called the oper-
culum, which covered the porta (an anterior central open-
ing) in life (Sdzuy 1993).

Despite important advances in the systematics (Zamora
& Smith 2008; Zamora et al. 2013b), distribution

© 2023 The Authors.

(Zamora & Alvaro 2010), phylogeny (Smith & Zamora
2009; Wright et al. 2021) and palaeobiology (Rahman
et al. 2015, 2020) of cinctans, there are still gaps in the
knowledge of the group. For example, some species are
still poorly documented and there are many others that
need further description in order to clarify in-group
phylogenetic relationships (Smith & Zamora 2009).

One such poorly described species is ‘Asturicystis’ havli-
ceki Fatka & Kordule, 2001. This species was the third
cinctan species described from Bohemia (Czech Republic)
and was originally represented by a few specimens of dor-
sal and ventral views of the theca (Fatka & Kordule 2001).
The age of ‘A.” havliceki is middle-late Leonian according
to regional stage (sensu Sdzuy et al. 1999), which corre-
sponds to the global Wuliuan Stage of the Miaolingian,
and is approximately equivalent to the occurrence of Pro-
tocinctus mansillaensis, the oldest species of cinctan
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described from Spain (Rahman & Zamora 2009). Thus, it
is one of the oldest reported cinctans but its morphology
requires re-examination (Smith & Zamora 2009).

The aims of this paper are first to re-evaluate to taxo-
nomic status of ‘A.” havliceki and more completely rede-
scribe  its morphology; second, to codify the
morphological features of this important species and
append it to a pre-existing character matrix of cinctan
taxa to ascertain its phylogenetic position; and finally, to
evaluate the current status of alternative hypotheses
regarding cinctan phylogeny and evolution.

MATERIAL AND METHOD
Material

Specimens described in this paper are the same as those
originally reported by Fatka & Kordule (2001). They
include six specimens deposited in the Czech Geological
Survey of Prague under the acronyms VK1, VK2, VK3,
VK4, VK5 and VK6 (Fig. 1). Three specimens (VK1, VK2
and VK6) preserve both the upper and lower surfaces;
VK3 is represented by a lower surface (Fig. 1I), the an-
terior part of which clearly shows the extension of the
food grooves; VK4 is represented by half of the anterior
part of a theca in ventral view, which shows details of the
left food groove, the closed operculum and right adoper-
cular process (Fig. 1G, H); and VKS5 is represented by a
complete upper theca preserving the stele (Fig. 1A). Con-
trary to what was previously indicated by Fatka & Kord-
ule (2001), most anatomical information from
‘A. havliceki is available in this collection. A seventh spec-
imen (VK7) was considered by Fatka & Kordule (2001)
as ‘A’. cf. havliceki (Fig. 1D) because of ‘its lower number
of marginal (M41-M5r)’ and then doubtfully assigned to
the same species, a view that we follow here. Despite the
number of marginal plates, ‘A’. cf. havliceki also has a left
food groove extending one plate less (M1l) than in
‘A. havliceki. This is interesting because in all other fea-
tures this specimen is identical to the rest. Thus, it may
be possible that the one missing plate in the anterior part
is the reason for the differences in morphology.

Specimens were cast using latex and then photographed
covered with sublimated ammonium chloride.

Phylogenetic analysis

Character data for phylogenetic analyses come from a
pre-existing character matrix initially published by Smith
& Zamora (2009) and subsequently augmented by
Zamora et al. (2013b). These studies were the first to use
maximum parsimony-based phylogenetic analysis to eval-
uate evolutionary relationships within the class Cincta.
Recently, Wright et al. (2021) reanalysed the character
matrix of Zamora et al. (2013b) to infer patterns of mor-
phological disparity, speciation mode and phylogenetic
relationships  using  Bayesian  tip-dating methods
(Gavryushkina et al. 2017; Wright 2017; Warnock &
Wright 2020). In this study we use our redescription of
‘A’ havliceki to code and append this important species
into the character matrix previously analysed by Zamora
et al. (2013b) and Wright et al. (2021) (Appendix). In
total, our new matrix comprises 23 cinctan species and 60
morphological characters, with Ctenocystis utahensis
included to provide outgroup polarization and root the
parsimony trees. To facilitate comparison across studies,
we conducted a phylogenetic analysis of the updated
character matrix using both Bayesian fossil tip-dating
methods and parsimony analysis.

Maximum parsimony analysis was conducted using
PAUP* (Swofford 2002) via a heuristic search using 1000
random addition sequence replicates. Branch swapping
was performed using tree bisection reconnection. All
characters were treated as unordered and equally
weighted. Results were summarized by calculating the tree
length (i.e. number of parsimony steps), consistency
index (CI) and the retention index (RI) for the most par-
simonious trees (MPTs) recovered in the analysis, and
computing the strict consensus and 50% majority rule
topologies.

Bayesian tip-dating analysis was conducted using the
fossilized birth—death process (FBD) (Stadler 2010; Heath
et al. 2014; Wright 2017; Gavryushkina et al. 2017; Stadler
et al. 2018). In their reanalysis of the matrix of Zamora
et al. (2013b), Wright et al. (2021) fitted a variety of
complex, hierarchical Bayesian models that varied in
assumptions regarding how morphological characters
evolve, how evolutionary rates vary across the tree, and
whether rate shifts are coincident with geologic intervals.
Wright et al. (2021) wused stepping-stone analysis

FIG. 1. Bohemiacinctus havliceki (Fatka & Kordule) (A-C, E-I) and B. cf. havliceki (D) from the middle Cambrian of Bohemia (Bar-
randian area, Czech Republic). A, dorsal view of the holotype (VK5) showing 11 marginal plates. B, C, E, dorsal (B), ventral (C) and

frontal (E) views of specimen VK6, showing the porta-operculum complex, distribution of ventral swellings and food grooves in the

anterior part; arrows (E) indicate the extent of the food grooves. D, Bohemiacinctus cf. havliceki (VK7) showing an extra plate in

the cinctus. F, 1, frontal and ventral view of VK3 showing the distribution of food grooves and ventral swellings; arrows (F) indicate
the extent of the food grooves. G-H, ventral and frontal views of specimen VK4. All specimens are latex casts whitened with subli-
mated ammonium chloride. Abbreviations: M, marginal plate; Op, operculum; Pe, peristome; Rap, right adopercular process. All scale

bars represent 2 mm.
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(Xie et al. 2011) to estimate marginal likelihoods for each
model to determine the best-fit model using Bayes factors
(Kass & Raftery 1995). Rather than reproduce this com-
putationally intensive procedure, we apply the same best-
fit model configuration as determined by Wright
et al. (2021) to our updated character matrix. In brief,
morphological evolution is modelled using Lewis’ (2001)
Mk equations with rate variation following a lognormal
distribution (Wagner 2012). To account for rate variation
across different branches in the tree, we also used an un-
correlated lognormal distribution (Drummond
et al. 2006). Tip-ages were sampled from uniform prior
distributions based on their first and last appearances,
and separate FBD parameters were estimated for each geo-
logic stage. See Wright et al. (2021) for additional details
regarding model configuration and implementation.

A posterior distribution of phylogenies was estimated
using Markov-chain Monte Carlo (MCMC) analysis in
the phylogenetic software RevBayes (HOhna et al. 2016).
Based on convergence diagnostics in Wright et al. (2021),
we ran MCMC for 70 000 generations (sampling every 10
steps) following an initial burn-in interval of 15 000 gen-
erations tuning parameters every 200 steps. Convergence
was assessed using the software Tracer (Rambaut
et al. 2018). The maximum clade credibility tree was
selected as a Bayesian point estimate of cinctan phylo-
geny, with clade posterior probabilities at each node
informed by the entire posterior distribution of trees.

RESULTS

The results of both phylogenetic analyses are jointly sum-
marized in Figure 2. Maximum parsimony analysis
resulted in 27 MPTs, each with a tree length of 177 steps,
CI = 0.554, and RI = 0.646. The Bayesian tip-dating anal-
ysis resulted in a posterior distribution of 7000 trees.
Overall, our results are broadly similar to phylogenies
recovered in previous studies and exhibit a close but
imperfect correspondence between family-level classifica-
tion and cinctan phylogeny (Fig. 2). For example, all
members of the Gyrocystidae are recovered as forming a
monophyletic group except for Graciacystis ambigua,
which is sister to Sotocinctus ubaghsi (previously consid-
ered a trochocystitidid) in both maximum parsimony and
Bayesian analyses (Fig. 2). Similarly, both analyses recover
two trochocystitidid species, Trochocystites bohemicus and
Trochocystoides  parvus, as reciprocally monophyletic.
Aside from controversial taxa such as Protocinctus, both
analyses support the monophyly of the Family Sucocysti-
dae, which is recovered as sister to the trochocystitidid
clade (posterior probability = 0.56, 100% MPTs). In both
maximum parsimony and Bayesian tip-dating analyses,
the phylogenetic position of ‘A. havliceki is strongly

supported within the Sucocystidae + (Trochocystites +
Trochocystoides) clade and is recovered in our phylogeny
as an early representative of the Sucocystidae. ‘Asturicys-
tis’ havliceki is therefore a plesiomorphic species within
the Sucocystidae, in a distinct clade and phylogenetically
distant from Asturicystis jaekeli, from which it differs in a
number of important features (see below). Thus, a new
genus Bohemiacinctus is erected to accommodate
B. havliceki (Fatka & Kordule, 2001).

Institutional abbreviation. Specimens are deposited in
the Czech Geological Survey of Prague under the
acronym VK.

SYSTEMATIC PALAEONTOLOGY

Nomenclature and orientation follow Friedrich (1993); this is
the optimal scheme for recognizing homologies among cinctan
taxa (Smith & Zamora 2009). The marginal plate that coincides
with the axial plane is named MO, and the remainder of the
marginal plates are numbered as MIlr-M5r or MI1l-M5],
depending on whether their position is right (r) or left (1) of MO
(in plan view).

Phylum ECHINODERMATA Bruguiere, 1791 ex Klein, 1734
Class CINCTA Jaekel, 1918
Family SUCOCYSTIDAE Friedrich, 1993
Genus BOHEMIACINCTUS nov.

LSID. https://zoobank.org/nomenclaturalacts/747FFA18-
9030-418F-9993-10EF37C9D02A

Type and only species. Bohemiacinctus havliceki new. comb.

Derivation of the name. Named after Bohemia, the region
where type material was originally described.

Diagnosis. Sucocystidae with 11 marginal plates in the
cinctus (M5r-M5l). Two marginal grooves, right one
extending up to M2r and left up to M2l. Well-developed
swellings as two large continuous structures that run from
half of M1l to the end of M3l and from MIr to the end
of M4r, and anteriorly interrupted along MO0. Poorly
developed adopercular processes and poorly differentiated
lintel composed of four supracentral plates.

Remarks. Bohemiacinctus havliceki displays a combination
of characters that are unique, rather than clear autapomor-
phies. The length of the left food groove is shared with
Asturicystis jaekeli and Sotocinctus ubaghsi, but the right
one is shorter, and similar to Undatacinctus, Lignanicystis
and Elliptocinctus. Moreover, it has clear ventral swellings
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FIG. 2. Results from Bayesian tip-dating and maximum parsimony analyses of phylogeny. The phylogeny shown is the maximum
clade credibility (MCC) tree from the posterior distribution. Values at the nodes indicate clade support as posterior probabilities (left)
and the degree of congruence between the MCC tree and results from parsimony analysis (right), where congruence is measured as
the frequency of clades in the most parsimonious trees shared with the MCC tree. Vertical branches without splits indicate ancestor—
descendant relationships in the form of either anagenesis or ‘budding’ speciation. Although stratigraphic ranges were used for tip-
dated tree inference, the tip ages shown here represent point occurrences sampled in the MCC tree and thus do not reflect the full
stratigraphic age or divergence time distributions. The star indicates the position of Asturicystis havliceki Fatka & Kordule, reinterpreted

herein as Bohemiacinctus havliceki.

that are absent in plesiomorphic forms such as Sofocinctus
and Asturicystis, but common in derived Sucocystidae.

Bohemiacinctus havliceki comb. nov.
Figures 1, 3

2001  Asturicystis havliceki; Fatka & Kordule, figs 1, 2

LSID. https://zoobank.org/nomenclaturalacts/D4E2D24E-
F3FD-4149-AAE7-B75BEF6CF3F8

Type specimens. Holotype VK5 is a dorsal surface preserv-
ing the stele (Fig. 1A). Paratypes include specimens VK1-
VK4, VK6.

Diagnosis. As for the monotypic genus.

M5l M4l M3l M2l M1l MO M1r M2r M3r M4r Mbr

® |

Ventral swellings === Food grooves . Mouth

FIG. 3. Schematic plate diagram of Bohemiacinctus havliceki

indicating the extent of the food grooves, the plates from the

cinctus and the development of ventral swellings. See Smith &
Zamora (2009) for comparison with other cinctan species.

Description

The theca consists of 11 marginal plates (M5r-M5l) and
several hundred integument plates. It ranges in size from
approximately 6-7 mm in length and 5-6 mm in width;
the thecal outline is subtriangular. The stele measures at
least 2 mm in length, but it is incomplete.
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Orifices. Only two openings are preserved in the theca of
Bohemiacinctus, which correspond to the porta and the
peristome. The porta lies at the anterior extremity of the
theca, passing through the marginal frame coincident
with the axial plane and is framed by Mlr, M1l and
underlain by MO. In all specimens it is covered by the
operculum. The upper margin of the opening is bordered
by four plates of the supracentral integument (the lintel)
(Fig. 1B). The operculum is approximately 1 mm in
length in the axial direction and 1.5 mm in width, and it
completely filled the porta during life (Fig. 1A, H). It is
smooth on its inner concave face but slightly ornamented
on its external, convex face.

The second preserved aperture (peristome) is a small
circular aperture that passes through the anterior right
side of the cinctus between marginal plates M1r and M2r
and is covered dorsally by the supraoral plate (Fig. 1E).
The opening is slightly flattened dorsoventrally and is
wider than tall in external view. On the interior, M1r and
M2r form a broad, expanded platform ventral to the
opening. Externally, two marginal grooves lead from the
left and the right into this aperture.

Cinctus. The cinctus is composed of 11 marginal plates
that vary in size and shape around the ring (Fig. 1A-C).
All are approximately triangular in cross-section, with
short, thick, concave internal faces and wide, wedge-
shaped outer faces.

MO is a subrectangular plate located at the anterior
extremity of the cinctus that forms the floor of the porta.
It is flat on its ventral surface, slightly wider anteriorly
than posteriorly in plan view and bears a single marginal
groove on its outer face. There is no broad anterior shelf
to this plate; the marginal groove runs beneath the ambi-
tus and faces forwards.

M1lr and M1l form the lateral frame to the porta, each
giving rise to a small dorsal adopercular process. Both
plates are subrectangular in ventral view and are in con-
tact with the supracentral and infracentral integument.
Mlr also is in contact with the supraoral plate, MO and
M2r; M1l is in contact with MO and M2l. The suropercu-
lar facets are not observable in the available specimens.
The adopercular processes are poorly preserved but
inclined slightly towards the anterior. M1r and M1l carry
portions of the marginal groove on their outer surfaces.
M2r is sub-trapezoidal. M3r is very similar to the other
mid-cinctus plates, having a swelling ventral surface with
a rectangular outline and lacking an outer flange on its
dorsal surface. M4r is longer than M3r. Its posterior mar-
gin is in contact with Mb5r, which articulates with the
stele.

The left marginal plates of the cinctus (M21, M3], M4l)
are similar to those of other cinctan species. M5l forms
the articulation with the stele and closes the cinctus in

contact with M5r. Swellings are distributed as two large
continuous structures that run from half of M1l to the
posterior extremity of M3l and from Mlr to the end of
M4r. These structures are interrupted in MO.

Integuments. The supracentral (dorsal) and infracentral
(ventral) integuments are composed of a large number of
small polygonal plates. They have a similar size in both
integuments, but in some specimens they seem to be
slightly smaller in the dorsal integument than in the ven-
tral.

The plates making up the supracentral integument
(Fig. 1B) are ornamented externally with small crests and
slightly decrease in size posteriorly. The infracentral
integument (Fig. 1C, I) is composed of polygonal tessel-
late plates that also appear to be slightly ornamented. The
sutures of supracentral plates bear an invagination for the
attachment of ligaments, while infracentral plates have
flatter sutures.

Marginal groove. Marginal grooves run left and right from
the mouth around the outer face of the marginal ring to
M2l and M2r, respectively (Fig. 1E-G). At the anterior
extremity of the theca, the left groove lies below the
ambitus, and thus faces frontally. A weakly developed rim
borders the marginal groove at the articulation of the lab-
rum plates. Some specimens preserve part of the labrum
(Fig. 1C, D), which is composed of a sheet of small plate-
lets, with at least one sheet of plates that articulate to the
cinctus on each side covered with another set of cover
plates each.

Stele. The stele originates as a direct continuation of the
marginal frame (Fig. 1A). It is approximately half longer
than the theca. It is constructed from a marginal series of
wedge-shaped sphenoid plates, with smaller polygonal
mesosphenoidal plates along the dorsal midline.
Mesosphenoid plates along the dorsal part of the stele are
uniserially arranged. In cross-section the stele is rounded
on its dorsal surface but flat on its ventral part.

Remarks

Many of the features described in the present study were
misinterpreted in the original description of ‘A.” havliceki,
resulting in an incorrect genus-level placement. Smith &
Zamora (2009) indicated that ‘A.” havliceki is unlikely to
be a true Asturicystis because its food groove pattern is
very different, and has ventral swellings. They also noted
that it is probably a member of the Sucocystidae. Unfor-
tunately, type material was not available for re-study at
that time and these observations were not confirmed until
now. Bohemiacinctus havliceki is different from Asturicystis
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jaekeli in important features such as the extension of the
food grooves that reach M2r and M2l in the former and
M4r and M2l in the latter (Fig. 3). Asturicystis jaekeli also
has a flat ventral surface lacking swellings, whereas they
are present in B. havliceki. The presence of a right food
groove extending to M2r is a feature shared between
B. havliceki and some Sucocystidae such as Elliptocinctus
barrandei and species of Undatacinctus. Many Sucocysti-
dae also have large swellings on lateral parts of the cinc-
tus. In contrast, B. havliceki lacks a ventral swelling on
MO and has a lintel that is poorly differentiated from
other supracentral plates. All of these features suggest that
this is a primitive member of Sucocystidae (see the phylo-
genetic discussion below).

Occurrence. Rejkovice ‘Pottcek’, the Jince Formation,
Paradoxides (Eccaparadoxides) pusillus Biozone, Pfibram-
Jince Basin, Barrandian area, Czech Republic. This corre-
sponds with the Wuliuan, Miaolingian.

DISCUSSION

According to a previously published morphologic descrip-
tion and its taxonomic status, ‘Asturicystis’ havliceki would
be predicted to be sister to (or a close relative of) Asturi-
cystis jaekeli (Fatka & Kordule 2001). However, based on
our morphological redescription and taxonomic revision
based on type material, we find that Bohemiacinctus havli-
ceki is phylogenetically distant from Asturicystis jaekeli and
instead recover B. havliceki as an early representative
(both phylogenetically and temporally) of the Sucocysti-
dae. With the inclusion of this important species, our
revised phylogeny of cinctan taxa has several important
implications for the understanding of their macroevolu-
tionary patterns, as well as highlighting the sensitivity of
phylogenetic inferences of fossil taxa to taxon sampling.
Phylogenetic trees of fossil taxa are increasingly being
used to directly study macroevolutionary patterns and
processes (Bapst 2014; Soul & Friedman 2015; Soul &
Wright 2021; Cerny et al. 2022). Similar to previous find-
ings (Wright et al. 2021), our tip-dated analyses also
recover evidence for ancestor—descendant relationships
among members of the Gyrocystidae and Sucocystidae,
which can arise either by speciation via ‘budding’ cladoge-
nesis or anagenetic change within a morphospecies lineage
(Eldredge 1971; Thuy et al. 2022). For example, instances
of ancestor—descendant relationships in which the implied
ancestor was still extant when the descendant lineage first
appears provides evidence for ‘budding’ cladogenesis. Spe-
cies pairs consistent with budding cladogenesis include the
gyrocystids Gyrocystis cruzae and G. badulesiensis, as well
as the sucocystids Undatacinctus melendezi and U. undata.
Recovering evidence for such fine-scale macroevolutionary

patterns, even in fossil taxa as geologically ancient and
unassuming as cinctans, has major implications for the
documentation of the tempo and mode of speciation in
other fossil clades and time intervals.

Although our results are broadly similar to previous
phylogenies for cinctan taxa (Zamora et al. 2013b; Wright
et al. 2021), several clades differ with respect to the
branching order of their ingroup species. In some cases,
these differences have implications for the understanding
of the patterns of character evolution. For example, Pro-
tocinctus mansillaensis is an important species for under-
standing the evolution of the water vascular system and
feeding ecology in cinctans and is the oldest known repre-
sentative of the clade (Rahman & Zamora 2009; Rahman
et al. 2015). Previous studies placed Protocinctus mansil-
laensis as a basal member of the Sucocystidae, thereby
supporting a phylogenetically derived position (Smith &
Zamora 2009; Zamora et al. 2013b). In contrast, the Baye-
sian tip-dating analysis in Wright et al. (2021) recovered
P. mansillaensis as sister to the entire cinctan clade. In
our re-analysis, P. mansillaensis is placed as sister to the
(Trochocystites + Trochocystoides) + Sucocystidae clade.
Although the placement of P. mansillaensis in our phylo-
geny has low to modest support (posterior probabil-
ity = 0.38, 86% MPTs), it is more similar to earlier
interpretations of its phylogenetic position and implica-
tions for cinctan evolution (Rahman & Zamora 2009;
Rahman et al. 2015).

Given that the broader aspects of cinctan phylogeny
have remained stable since formal phylogenetic analysis
began (Smith & Zamora 2009; Zamora et al. 2013b;
Wright et al. 2021), what factors might influence the labile
position of taxa such as Protocinctus? Simulations evaluat-
ing the efficacy of alternative phylogenetic methods indi-
cate that Bayesian methods often outperform maximum
parsimony (Wright & Hillis 2014), and tip-dated Bayesian
methods often outperform undated analyses (Barido-
Sottani et al. 2020; Mongiardino Koch et al. 2021). How-
ever, our results indicate substantial similarity in tree
topologies recovered using both Bayesian tip-dating and
maximum parsimony methods (Fig. 2), which effectively
rules out the possibility that methodological differences
produced the conflicting results. The difference in topolo-
gies between our new phylogeny and previous studies,
therefore, may reflect the inclusion of B. havliceki in the
present analysis. Taxon sampling is well known to affect
all phylogenetic methods, including the accuracy of tree
topologies, divergence times and diversification rates
(Heath et al. 2008). Although the fossil record will always
be incomplete, increasing taxon and character sampling
can greatly increase the fidelity of phylogenetic methods
for fossil taxa (Wagner 2000; Barido-Sottani et al. 2020;
Mongiardino Koch et al. 2021). To the extent that phylo-
genetic and macroevolutionary inferences are affected by
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incomplete or biased taxon sampling, it is important for
palaeobiologists to sample as many taxa and characters as
possible in their analyses.

CONCLUSION

‘Asturicystis’ havliceki, the oldest cinctan from Bohemia, is
redescribed and included in the new genus Bohemiacinctus.
A phylogenetic analysis is performed in order to under-
stand its phylogenetic position. This places Bohemiacinctus
as a plesiomorphic Sucocystidae and improves our under-
standing of this important clade of cinctans. The revision
presented herein is significant not only for understanding
phylogenetic relationships between cinctans, but it also
highlights the important role of detailed taxonomic
research and morphological investigations in the fields of
phylogenetics, palacobiology and macroevolution.
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APPENDIX

Character coding

Morphological character coding for Bohemiacinctus havli-
ceki gen. nov. based on the phylogenetic character matrix
in Zamora et al. (2013b).

01101 12200 10100 00000 00222 02222 00100 12020
10000 01222 10001 11210
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