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The morphology of the Late Ordovician solutan Dendrocystites is reevaluated based on more than 300 specimens from
the Letnd and Zahotany formations (Prague Basin, Czech Republic). This genus is reported for the first time from the
Bohdalec Formation, and its presence is confirmed in the Vinice Formation. The morphology of all specimens of the
stratigraphically older species D. barrandei (Sandbian) is identical to that of small to medium-size individuals of
D. sedgwicki (Katian). Distinctive characters of D. sedgwicki occur only in the largest specimens, and are all size-related
(more asymmetrical thecal outlines, stronger ornamentation, rosetting pattern of thecal plates, proliferation of platelets
in the proxistele). Consequently, the transition from D. barrandei to D. sedgwicki is interpreted as the result of
heterochronic processes, with the largest individuals of D. sedgwicki displaying hyperadult morphologies (hyper-
morphosis). Dendrocystites is locally abundant in both the Letna and Zahotany formations, but extremely rare in the
deeper deposits of the Vinice and Bohdalec formations. This pattern coincides closely with first order fluctuations of the
sea-level in the Prague Basin. The life orientation and implied feeding strategy of Dendrocystites and other solutans are
both critically discussed. Several independent lines of evidence suggest that solutans were more likely detritus-feeders.
Finally, it is proposed that two morphologically distinct patterns of dististele organization were elaborated independently
from the polyplated, undifferentiated stalk-like appendage of Coleicarpus (plesiomorphic condition). Consequently, a ma-
jor subdivision of the class Soluta into two main clades (Dendrocystitida ord. nov. and Syringocrinida ord. nov.) is pro-
posed. The monophyly of each order is supported by apomorphies based primarily on the organization of the dististele and
the morphology of the periproct. “Dendrocystites” rossicus is reinterpreted as belonging to an unknown genus of
syringocrinids, whereas Heckericystis kuckersiana may represent a third species of Dendrocystites. * Key words:
Blastozoa, Dendrocystites, Echinodermata, heterochrony, palaeoecology, Prague Basin, Soluta, Upper Ordovician.
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Solutans are an extinct clade of non-radiate echinoderms,
ranging from Cambrian Series 3 (Castericystis and Colei-
carpus; Ubaghs & Robison 1985, 1988; Daley 1995, 1996;
Zamora et al. in press) to the Lower Devonian (Claritacar-
pus, Dehmicystis, and Rutroclypeus; Dehm 1934, Gill &
Caster 1960, Parsley & Sumrall 2007, Rahman & Lintz
2012). However, their taxonomic diversity and palaeobio-
geographic distribution were both probably maximum in
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Late Ordovician times (Caster 1967, Sprinkle & Guens-
burg 2004, Lefebvre et al. in press). Abundant remains
of Late Ordovician solutans were described from the peri-
phery of most palacocontinents, such as Avalonia (Wales;
Daley 1992), Baltica (Estonia, Russia; Jaekel 1901, Rozh-
nov & Jefferies 1996, Parsley et al. 2012), Gondwana and
peri-Gondwanan areas (Bohemia, Morocco, Spain; Bar-
rande 1887, Bather 1913, Gil Cid et al. 1996, Lefebvre
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et al. 2010), and Laurentia (Canada, NE United States,
Scotland; Bather 1913, Parsley & Caster 1965, Kolata
1973, Kolata et al. 1977, Jefferies 1990, Daley 1992).

Historically, the first solutan remains were described as
Syringocrinus paradoxicus in the Upper Ordovician of
Quebec by Billings (1859), who assigned them to the class
Crinoidea. In 1867, solutan remains were briefly reported
as Cystidea sedgwicki by Barrande in the Upper Ordovic-
ian of Bohemia (bande d4, Zahotany Formation). Barrande
(1867, p. 179) was thus the first to suggest cystoid (i.e.,
blastozoan) affinities for solutans. Late Ordovician Czech
solutans were formally described as Dendrocystites
sedgwicki by Barrande (1887), based on abundant material
collected mostly in the locality of Zahotany (bande d4,
Zahotany Formation), as well as few specimens from H4j,
Trubska (bande d2, Letna Formation), and Trubin (bande
d3, Vinice Formation). The morphology and anatomy of
Dendrocystites were both thoroughly reexamined by
Bather (1913), who assigned all stratigraphically older
specimens from the Letna Formation to a distinct species,
D. barrandei. The distinction between the two species of
Late Ordovician Czech solutans (D. barrandei and
D. sedgwicki) was maintained by all subsequent authors
(e.g., Regnéll 1945, Parsley & Caster 1965, Caster 1967,
Prokop & Petr 1999). A third specific name, D. batheri
(nomen nudum) was erroneously introduced by Havli¢ek
& Vanék (1966, p. 57) in their faunal list of taxa occurring
in the Zahotany Formation.

In the late 2000s, the discovery of abundant specimens
of Dendrocystites sp. in the Upper Ordovician of the east-
ern Anti-Atlas (Lefebvre er al. 2007, 2010; Hunter et al.
2010) prompted their comparison with the two species of
Dendrocystites described from coeval deposits in the
Prague Basin. Reexamination of more than 300 specimens
of Czech solutans deposited in both private and public col-
lections in Berlin (Museum fiir Naturkunde), London (Nat-
ural History Museum), Prague (Czech Geological Survey,
National Museum), Stockholm (Naturhistoriska riks-
museet), Vienna (Naturhistorisches Museum), and Villeur-
banne (Université Lyon 1), confirmed the presence of two
morphologically distinct solutans in the Upper Ordovician
of the Prague Basin: D. barrandei-like specimens in the
Letna Formation and D. sedgwicki-like in the Zahotany
Formation (Bather 1913, Caster 1967). It also revealed the
occurrence of Dendrocystites in the Vinice Formation
(Barrande 1887, Bather 1913), and also in younger depos-
its of the Bohdalec Formation. However, the abundant ma-
terial collected in the Zahorfany Formation comprised not
only D. sedgwicki-like solutans, but also D. barrandei-like
ones and, more unexpectedly, specimens apparently inter-
mediate in morphology between D. barrandei and D. sedg-
wicki. At a larger scale, the recent reports of a Dendro-
cystites-like solutan in the Early Devonian of Oklahoma
(Parsley & Sumrall 2007) and of solutans with relatively
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unusual morphologies in the Middle Ordovician of the
Czech Republic (Prokop & Petr 2003, Lefebvre ez al. 2012)
both question the validity and pertinence of the main sys-
tematic divisions generally identified within the class
Soluta. Consequently, the aims of this paper are (1) to criti-
cally review the morphology and systematics of solutans,
and in particular of the family Dendrocystitidae Bassler,
1938; (2) to discuss the morphological differences between
D. barrandei and D. sedgwicki, so as to question the valid-
ity of their distinction as two separate taxa, and (3) to dis-
cuss the palaecoecology and mode of life of Dendrocystites.

Solutan morphology and terminology

Solutans are characterized by the possession of two arti-
culated processes (Fig. 1): a short feeding appendage
(brachiole) and a long stem-like structure (homoiostele;
Lefebvre et al. 2012), generally inserted at opposite extre-
mities of the body (theca).

Theca and body openings

In the oldest and most primitive forms (e.g., Castericystis,
Coleicarpus, Minervaecystis, Plasiacystis), the theca is re-
latively inflated, ovoid, slightly longer than wide, and inva-
riably made of a large number of unorganized, tesselated,
polygonal, smooth skeletal elements (Thoral 1935; Caster
1967; Ubaghs 1970; Ubaghs & Robison 1985, 1988; Daley
1995, 1996; Lefebvre et al. 2012). In contrast, in more de-
rived solutans (e.g., Dendrocystites, Girvanicystis, lowa-
cystis, Scalenocystites), the theca is generally flattened and
differentiated into two opposite surfaces with distinct mor-
phologies: one side is convex, whereas the other one is usu-
ally more depressed and plano-concave (Bather 1913, Tho-
mas & Ladd 1926, Parsley & Caster 1965, Caster 1967,
Kolata et al. 1977, Daley 1992). Moreover, in derived so-
lutans, the theca consists either in a high number of thin,
tesselated platelets (e.g., Dendrocystites, Maennilia,
Rutroclypeus; Bather 1913, Gill & Caster 1960, Caster
1967, Rozhnov & Jefferies 1996, Parsley et al. 2012), or a
reduced number of thick and large skeletal elements (e.g.,
Belemnocystites, lowacystis, Scalenocystites; Thomas &
Ladd 1926, Parsley & Caster 1965, Parsley 1972, Kolata
1973, Kolata et al. 1977). In derived forms, thecal outlines
can be either markedly asymmetrical and pear-shaped
(e.g., Dendrocystoides, Girvanicystis, Maennilia, Scaleno-
cystites; Bather 1913, Kolata 1973, Jefferies 1990, Daley
1992, Rozhnov & Jefferies 1996, Parsley ef al. 2012), or
almost bilaterally symmetrical and sub-triangular (e.g.,
lowacystis; Parsley & Caster 1965, Kolata et al. 1977),
rounded (e.g., Rutroclypeus; Gill & Caster 1960), or sub-
elliptical (e.g., Belemnocystites, Syringocrinus; Parsley &



Caster 1965, Parsley 1972). In some derived solutans (e.g.,
Belemnocystites, Girvanicystis, lowacystis, Syringocrinus),
thecal outlines are framed by enlarged, massive skeletal
elements (or marginals), extending on both thecal sides
(Parsley & Caster 1965, Parsley 1972, Kolata 1973, Kolata
et al. 1977, Daley 1992). In derived solutans, thecal plates
can be either smooth (e.g., Dendrocystoides; Jefferies
1990), granular or pustulose (e.g., Belemnocystites, lowa-
cystis, Scalenocystites; Thomas & Ladd 1926, Parsley &
Caster 1965, Caster 1967, Kolata et al. 1977), or ornamen-
ted either with radial ribs (e.g., Maennilia; Rozhnov & Jef-
feries 1996, Parsley et al. 2012) or small spines (e.g., Hec-
kericystis, Rutroclypeus; Hecker 1940, Gill & Caster
1960). Strong ridges and protuberances are sometimes pre-
sent on one (e.g., Girvanicystis; Caster 1967, Daley 1992)
or both thecal surfaces (e.g., Dendrocystoides; Bather
1913, Jefferies 1990).

In many solutans, two small, distinct, slightly conical
tubercles occur close to the insertion of the feeding append-
age (e.g., Castericystis, Coleicarpus, Girvanicystis, Miner-
vaecystis). Each of these two protuberances is perforated
by a tiny orifice (Caster 1967; Ubaghs 1970; Ubaghs &
Robison 1985; Daley 1992, 1995, 1996). In Dendro-
cystoides, each of the two protuberances is pierced by sev-
eral small orifices (Jefferies 1990). In some other solutans
(e.g., lowacystis, Scalenocystites), only one perforated tu-
bercle is present, but it is then surrounded by several small
pores (Parsley & Caster 1965, Kolata et al. 1977). Finally,
some other solutans (e.g., Maennilia) do not exhibit any
perforated tubercle close to the insertion of the feeding ap-
pendage, but instead, numerous tiny orifices forming a
sieve-like structure (Rozhnov & Jefferies 1996, Rozhnov
2002, Parsley et al. 2012). Comparison with both modern
and extinct echinoderms suggests that the two orifices lo-
cated close to the insertion of the feeding appendage can be
readily identified as the hydropore (single or multi-perfo-
rated, sieve-like opening) and the gonopore (single
rounded hole; Thomas & Ladd 1926, Bather 1928, Caster
1967, Ubaghs 1970, Kolata et al. 1977, Ubaghs & Robison
1985, Jefferies 1990, Daley 1996, David et al. 2000, Smith
2005).

The theca of all solutans is pierced by a large orifice
opening close to the insertion of the homoiostele. In the
most primitive forms (e.g., Castericystis, Coleicarpus,
Minervaecystis, Plasiacystis), this main thecal orifice is lo-
cated at the summit of a large and high, cone-shaped, val-
vular pyramid, made of numerous, elongate, radial plate-
lets (Ubaghs 1970; Ubaghs & Robison 1985; Daley 1995,
1996; Lefebvre ef al. 2012). In the solutan indet. from the
Sarka Formation described by Lefebvre et al. (2012), this
opening occurs as a tiny hole at the top of a low, almost flat,
polyplated valvular structure, with circular outlines (see
also Prokop & Petr 2003). In Dehmicystis, Den-
drocystoides, Girvanicystis, Maennilia and Rutroclypeus,
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Figure 1. Morphology of Dendrocystites barrandei Bather, 1913; re-
constitution based on the lower surface of specimen CGS.6047, Letna
Formation (Sandbian), Prague Basin (Czech Republic). An — anal open-
ing, Go — gonopore, Hy — hydropore, Im Ri — pair of tetramerous rings,
Mo - internal mouth, Sug PI — sugar-loaf plate.

the main thecal opening corresponds to a small slit-like ori-
fice located at the summit of a low, modified valvular pyra-
mid, consisting of several elongate, radial platelets and two
enlarged, cone-shaped elements (“sugar-loaf plates”;
Bather 1913, Caster 1967, Jell & Holloway 1982, Jefferies
1990, Daley 1992, Rozhnov & Jefferies 1996, Parsley et al.
2012, Rahman & Lintz 2012). In some other solutans (e.g.,
Belemnocystites, lowacystis, Myeinocystites, Scaleno-
cystites), radial platelets are lost, and the main body orifice
consists in a narrow slit in between two particularly en-
larged “marginal” plates forming a clam shell door-like
structure (Caster 1967, Parsley 1972, Kolata 1973, Kolata
et al. 1977). In Dendrocystites (Fig. 1), the main thecal
opening is covered by a single, large sugar-loaf plate, form-
ing an outlet valve, which articulates to an underlying,
rounded lappet (see Barrande 1887, pl. 26, figs 6, 14, 16;
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Bather 1913, Caster 1967). Comparison with similar struc-
tures occurring in many groups of echinoderms suggests
that the cone-shaped pyramid of primitive solutans corre-
sponds to the periproct, and its associated orifice to the anal
opening (Caster 1967; Ubaghs 1970; Ubaghs & Robison
1985; Daley 1995, 1996; David et al. 2000; Prokop & Petr
2003; Smith 2005; Lefebvre et al. 2012). This identifica-
tion implies that the slit-like orifice of more derived taxa
(e.g., Dendrocystites, lowacystis, Maennilia, Scaleno-
cystites) also corresponds to the anus (Bather 1913, Parsley
& Caster 1965, Caster 1967, Parsley 1972, Kolata 1973,
Kolata et al. 1977, Rozhnov & Jefferies 1996, Parsley et al.
2012). This interpretation of the slit-like orifice is sup-
ported by its morphology (clearly designed as a vent), and
its position (identical to that of the anus in other solutans).
The associated highly derived periproctal morphologies
(e.g., anus sheltered by a single, articulated outlet valve, or
by two large, opposable plates forming a clam shell door-
like structure) have no direct equivalent in echinoderms,
with the possible exceptions of the cinctan operculum
(Jaekel 1918, Ubaghs 1967¢, Parsley 1999) and the subanal
plate occurring in some mitrates (Chinianocarpos,
Jaekelocarpus, Kirkocystidae; Ubaghs 1970, Lefebvre
2001).

Brachiole

The short appendage of Dendrocystites was initially inter-
preted by Barrande (1887) as a putative “tubus ventralis”,
equivalent in morphology to the anal tube of crinoids. This
interpretation was rejected by Neumayr (1889), who sug-
gested that the short appendage of solutans was more likely
a feeding structure. Since Neumayr (1889), a feeding fun-
ction for the short solutan appendage is universally accep-
ted (Haeckel 1896, Bather 1913, Jaekel 1918, Thomas &
Ladd 1926, Thoral 1935, Caster 1967, Ubaghs 1970, Ni-
chols 1972, Kolata et al. 1977, Philip 1979, Jefferies 1990,
Daley 1992, David et al. 2000, Smith 2005, Lefebvre et al.
2012, Parsley et al. 2012, Rahman & Lintz 2012, Rozhnov
2012). Contrary to Bather’s reconstruction of Dendrocys-
toides scoticus (1913, fig. 9), the transition between the so-
lutan feeding appendage and the theca is not gradual, but
always sharp (Caster 1967, Jefferies 1990). Both the hyd-
ropore and gonopore are located close to the insertion of
the feeding appendage into the theca (see above).

In many solutans (e.g., Coleicarpus, Dendrocystites,
Heckericystis), the feeding appendage and the homoiostele
are inserted at opposite extremities of the theca (Barrande
1887, Bather 1913, Gill & Caster 1960, Caster 1967, Daley
1996). However, in several taxa, the insertion of the feed-
ing process is not apical, but displaced laterally and poste-
riorly, either along the anal margin of the theca (e.g.,
Dendrocystoides, Girvanicystis, Maennilia, Bather 1913,
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Jefferies 1990, Daley 1992, Rozhnov & Jefferies 1996,
Parsley et al. 2012), or along the opposite, antanal thecal
margin (Minervaecystis; Ubaghs 1970). Finally, in some
other solutans (e.g., Belemnocystites, lowacystis, Myeino-
cystites, Scalenocystites), the insertion of the feeding ap-
pendage is also not in apical position, but displaced posteri-
orly on the plano-concave thecal surface (Thomas & Ladd
1926, Bather 1928, Parsley & Caster 1965, Parsley 1972,
Kolata 1973, Kolata er al. 1977).

The solutan feeding appendage is highly flexible, dis-
tally tapering, and typically made of two unequal series of
paired, alternating skeletal elements: two longitudinal rows
of large flooring plates, and two longitudinal rows of
smaller cover plates (Bather 1913; Caster 1967; Ubaghs &
Robison 1985; Daley 1992, 1995, 1996; David et al. 2000;
Smith 2005). In most taxa (e.g., Castericystis, Girvani-
cystis, lowacystis, Minervaecystis), each cover plate is in
contact with a single flooring plate (Caster 1967, Ubaghs
1970, Ubaghs & Robison 1985, Daley 1992, Kolata et al.
1977). In these forms, the feeding appendage thus consists
in a longitudinal series of basically tetramerous, transverse
rings. In some other solutans (e.g., Dendrocystoides), the
left and right series of cover plates are more numerous and
without any correspondence with the two rows of associ-
ated flooring plates (Jefferies 1990). In both series of
paired skeletal elements, new plates were apparently added
during ontogeny at the distal tip of the short appendage, al-
ternatively on the right and on the left (Ubaghs & Robison
1985, Daley 1996, Rozhnov & Jefferies 1996, Rozhnov
2002). The two biseries of plates delimit a small central lu-
men, which was probably communicating with the main
body cavity through an unobserved orifice (the mouth),
presumably located at the contact between the short ap-
pendage and the theca (Neumayr 1889, Bather 1913,
Caster 1967, Ubaghs 1970, Kolata et al. 1977, Philip 1979,
Ubaghs & Robison 1985, Jefferies 1990, Daley 1992, Da-
vid et al. 2000, Smith 2005). An alternative location of the
mouth, at the distal extremity of the solutan feeding ap-
pendage was proposed by Haeckel (1896). This interpreta-
tion of the short solutan process as a proboscis-like struc-
ture was refuted by Bather (1913), because of the absence
of any orifice at the distal tip of the appendage (see also
Caster 1967).

In most solutans (e.g., Castericystis, Dehmicystis,
lowacystis, Scalenocystites), the two rows of flooring
plates display a clear alternating pattern, with left and right
elements separated by an obvious zigzag suture (Parsley &
Caster 1965, Caster 1967, Kolata 1973, Kolata et al. 1977,
Ubaghs & Robison 1985, Daley 1995, Rahman & Lintz
2012). In some taxa (e.g., Maennilia), flooring plates are
clearly alternating in the distal-most part of the feeding ap-
pendage, but are almost opposite to each other more proxi-
mally (Rozhnov & Jefferies 1996). In some other solutans
(e.g., Dendrocystoides, Syringocrinus), flooring plates are



not alternating: they are opposite to each other, and thus,
separated by a straight suture (Parsley & Caster 1965,
Jefferies 1990). Finally, in several taxa (e.g., Coleicarpus,
Dendrocystites, Minervaecystis, Myeinocystites), some
specimens are apparently characterized by the presence of
a single series of flooring plates (Bather 1913, Caster 1967,
Ubaghs 1970, Parsley 1972, Daley 1996). This uniserial ar-
rangement can occur along a significant portion, or the to-
tal length of the feeding appendage. In most solutans (e.g.,
Castericystis, Dehmicystis, Dendrocystoides, lowacystis,
Scalenocystites), flooring plates of a same longitudinal row
are typically imbricate, and partially overlap their more
distal neighbour (Caster 1967, Kolata et al. 1977, Ubaghs
& Robison 1985, Jefferies 1990, Daley 1995, Rahman &
Lintz 2012). However, other solutans (e.g., Girvanicystis)
apparently do not show any evidence of such an
imbrication (Daley 1992).

In all solutans, the two opposite rows of left and right
cover plates are also clearly alternating, and are thus sepa-
rated by an obvious zigzag contact (Bather 1913; Parsley &
Caster 1965; Caster 1967; Kolata 1973; Kolata et al. 1977,
Ubaghs & Robison 1985; Daley 1995, 1996). Although
they have been seldom — if ever — observed in open posi-
tion, most authors consider that the two sets of cover plates
were not sutured in life, but were very likely erectile
(Ubaghs 1970; Parsley & Caster 1965; Caster 1967; Pars-
ley 1972; Kolata et al. 1977; Jefferies 1990; Daley 1992,
1995, 1996). As for their associated flooring plates (see
above), cover plates belonging to a same longitudinal row
often display an imbricate pattern, and partially overlap
distally the proximal portion of their immediate neighbour,
as for example, in Castericystis (Ubaghs & Robison 1985).
However, the feeding appendage of some solutans (e.g.,
Dendrocystoides) does not show any clear evidence of
such an imbrication pattern for the cover plates (Jefferies
1990).

Following Neumayr (1889), the feeding appendage of
solutans is frequently described as an “arm”, because of its
stout, massive aspect (Thomas & Ladd 1926; Thoral 1935;
Caster 1967; Ubaghs 1970; Nichols 1972; Parsley 1972;
Kolata 1973; Kolata et al. 1977; Ubaghs & Robison 1985,
1988; Jefferies 1990; Daley 1992, 1995, 1996; Sprinkle
1992; Rozhnov & Jefferies 1996; Rozhnov 2002, 2012;
Prokop & Petr 2003; Smith 2005). However, the two
biseries of skeletal elements forming the feeding append-
age of solutans are regularly produced, during ontogeny,
alternatively on the right and on the left, at the distal ex-
tremity of the appendage (see above). The resulting stag-
gered, generally alternating plate pattern is typical of
echinoderm ambulacral rays and of the Ocular Plate Rule
(Mooi et al. 1994, David et al. 2000, Sprinkle & Guens-
burg 2001). This observation suggests that all skeletal ele-
ments belonging to the feeding appendage of solutans (i.e.
both flooring and cover plates) are very likely ambulacral
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(axial) elements (David et al. 2000, Peterson et al. 2000,
Nardin et al. 2009). Consequently, the feeding appendage
of solutans cannot be interpreted as an arm-like structure,
because echinoderm arms are extensions of the body wall
(and associated coeloms) including both ambulacral (axial)
and thecal (extraxial) skeletal elements (e.g., asterozoan
and crinoid arms; David et al. 2000, Hotchkiss 2012). Fol-
lowing Bather (1900, 1913, 1928), the feeding appendage
of solutans is interpreted herein as a free portion of ambu-
lacrum, i.e. as a brachiole (Zittel 1903, Dehm 1934,
Regnéll 1945, Termier & Termier 1948, Cuénot 1953, Gill
& Caster 1960, Nichols 1962, Philip 1979, Parsley 1997,
Allasinaz 1999, David et al. 2000, Peterson et al. 2000,
Lefebvre & Fatka 2003, Sprinkle & Guensburg 2004, Pars-
ley & Sumrall 2007, Marti Mus 2009, Nardin et al. 2009,
Lefebvre et al. 2012, Rahman & Lintz 2012). The posses-
sion of a single, robust brachiole is not unique to solutans,
but is also documented in the highly derived pleurocystitid
rhombiferans Fusicystis magnificus (Upper Ordovician of
Russia; Zuykov et al. 2008) and Hillocystis atracta (Early
Devonian of Australia; Jell 1983).

Homoiostele

In solutans, the theca/homoiostele boundary is always
sharp, without any gradual transition. The homoiostele is
generally inserted in the posterior lateral wall of the theca,
close to the anal opening (Bather 1913, Parsley & Caster
1965, Caster 1967). However, a different pattern was docu-
mented by Lefebvre ef al. (2012) in a solutan indet. from
the Sarka Formation of Bohemia: its homoiostele insertion
is not located in a marginal position, but more anteriorly,
on the same plano-concave thecal surface as the feeding
appendage.

In the most primitive known solutan (Coleicarpus), the
homoiostele is entirely made of abundant, unorganized,
imbricate, scale-like platelets (Daley 1996). In Colei-
carpus, this appendage forms a long tube-like structure,
regularly tapering in a distal direction, and enclosing a
wide central lumen. Both juvenile and adult individuals of
Coleicarpus were apparently permanently attached to the
sea-floor and/or to any available, rigid surface (i.e., trilo-
bite fragments, other solutans) by the sucker-like distal ex-
tremity of their homoiostele (Daley 1996). In the other mid
Cambrian primitive solutan, Castericystis, only juvenile
specimens were attached to various objects by the tip of
their homoiostele (Ubaghs & Robison 1985, Daley 1995).
In all more derived solutans, both juvenile and adult stages
were apparently free-living and unattached (Gill & Caster
1960, Ubaghs 1970, Daley 1992, David et al. 2000, Smith
2005). In all solutans (but the most primitive form,
Coleicarpus), the homoiostele is divided into two distinct
regions: a highly flexible proximal part (“proxistele”), and
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a much more rigid distal portion (“dististele”; Bather 1913,
Thoral 1935, Gill & Caster 1960, Caster 1967, Ubaghs
1981, Jefferies 1990, David et al. 2000, Smith 2005).

In some solutans (e.g., Castericystis, Plasiacystis), the
proxistele is relatively long, and entirely made of numer-
ous, unorganized, imbricate, scale-like elements (Ubaghs
& Robison 1985, Daley 1995, Lefebvre et al. 2012). How-
ever, in most taxa (e.g., Claritacarpus, Dehmicystis,
Dendrocystites, Girvanicystis, Heckericystis, lowacystis,
Minervaecystis, Rutroclypeus), the proxistele is short, and
consists in several telescopic, transverse, tetrameric rings
(Bather 1913, Thoral 1935, Gill & Caster 1960, Parsley &
Caster 1965, Caster 1967, Ubaghs 1970, Parsley 1972,
Kolata 1973, Kolata et al. 1977, Daley 1992, Parsley &
Sumrall 2007, Rahman & Lintz 2012). Each ring is almost
bilaterally symmetrical, and made of two pairs of closely
associated elements. In several solutans, scale-like
integumentary platelets are intercalated in between succes-
sive tetrameric proximal rings (e.g., Dendrocystites, Den-
drocystoides; Bather 1913, Caster 1967, Jefferies 1990).
The proximal part of the appendage encloses a large, cen-
tral lumen. Proximally, this lumen was connected to the
main intrathecal cavity by a wide, internal, sub-circular ori-
fice (see Parsley 1972, pl. 1, fig. 3; Ubaghs 1981).

In most solutans, the dististele is longer than the
proxistele. In several taxa (e.g., Castericystis, lowacystis,
Minervaecystis, Scalenocystites, Syringocrinus), the distal
region consists in a distally tapering, flattened, elongate
structure, made of two longitudinal rows of tightly sutured,
large skeletal elements (left and right series), separated by
numerous, unorganized platelets (Thomas & Ladd 1926,
Parsley & Caster 1965, Caster 1967, Ubaghs 1970, Kolata
1973, Kolata ef al. 1977, Ubaghs & Robison 1985, Daley
1995). In these solutans, the dististele is often ornamented
with lateral spines (e.g., Castericystis, Scalenocystites),
serrations (e.g., Syringocrinus), or comb-like (pectinate)
protuberances (e.g., Minervaecystis). Moreover, one lat-
eral margin of this part of the long appendage is often
rounded and inflated, whereas the opposite margin forms a
sharp keel (e.g., Castericystis, Syringocrinus). In Plasia-
cystis, the distal region of the long appendage is also
strongly flattened, keeled, ornamented (protuberances),
and made of two series (left and right) of large plates sepa-
rated by a zigzag suture and some intercalary platelets, but
it is modified into a short and wide paddle-like structure,
with a large, rounded, distal extremity (Prokop & Petr
2003, Lefebvre et al. 2012). Finally, in some other solutans
(e.g., Claritacarpus, Dehmicystis, Dendrocystites, Den-
drocystoides, Girvanicystis, Maennilia), the distal part of
the long appendage forms a long, almost cylindrical, dis-
tally tapering structure, frequently with a recurved,
hook-like distal extremity (Bather 1913, Caster 1967,
Jefferies 1990, Daley 1992, Rozhnov & Jefferies 1996,
Parsley & Sumrall 2007, Parsley et al. 2012, Rahman &
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Lintz 2012). In these forms, the distal region is made of two
longitudinal rows (upper and lower series) of tightly su-
tured skeletal elements. In all solutans, the dististele totally
encloses a small lumen, which communicates, proximally,
with the larger cavity of the proxistele (Gill & Caster 1960;
Ubaghs 1970, 1981; Kolata et al. 1977; Ubaghs & Robison
1985; Jefferies 1990; Daley 1992). The lumen of the
dististele can be either in a lateral (e.g., Castericystis,
Minervaecystis, Plasiacystis) or in a central position (e.g.,
Dendrocystites, Girvanicystis).

The homoiostele of Coleicarpus corresponds to a
stalk-like structure, comparable in morphology to the poly-
plated stalks of many Cambrian eocrinoids (e.g., Gogia,
Nolichukia). In contrast, the homoiostele of all more de-
rived solutans (e.g., Dendrocystites, lowacystis) represents
a stem-like structure: it is elongate, highly organized,
multimeric (e.g., tetraserial proximal rings), and it encloses
a small lumen. Consequently, the almost perfect bilateral
symmetry exhibited by the homoiostele of many solutans
represents a derived condition. It results from the standard-
ization of an initially polyplated or radially symmetrical
stalk-like appendage equivalent in morphology to that of
many primitive eocrinoids (plesiomorphic condition, as in
the mid-Cambrian solutan Coleicarpus). Moreover, the oc-
currence of two distinct plate patterns in the dististele, with
either left and right series of large skeletal elements (e.g.,
Castericystis, lowacystis, Minervaecystis, Plasiacystis) or
lower and upper series of plates (e.g., Claritacarpus,
Dendrocystites, Girvanicystis, Maennilia) suggests that
the standardization of the dististele was possibly achieved
independently within two distinct lineages of solutans (see
discussion below).

Geological setting

The Prague Basin is a narrow, deep sedimentary basin, pro-
bably of rift origin, extending longitudinally from Plzeii in
the SW to Prague in the NE (Fig. 2A, B), and striking at
about 20° to the Cambrian Pfibram-Jince Basin (Chlupac
1993, Storch et al. 1993). In Late Ordovician times, the
Prague Basin was located at relatively high palaeolatitu-
des, close to the Gondwanan palaecocontinent (Fatka &
Mergl 2009, Servais & Sintubin 2009). The Upper Ordovi-
cian succession is particularly thick, and comprises mainly
volcano-clastic and siliciclastic sediments (Havlicek &
Vané&k 1966, Storch et al. 1993). It is stratigraphically sub-
divided into seven formations (Fig. 2C), from bottom to
top: Liben, Letna, Vinice (Sandbian), Zahotany, Bohdalec,
Kralav Dvur (Katian), and Kosov (Hirnantian). The Upper
Ordovician deposits of the Prague Basin have yielded ex-
tremely abundant and diverse assemblages of marine in-
vertebrates (e.g., arthropods, brachiopods, bryozoans, co-
nulariids, echinoderms, graptolites, molluscs), exhibiting
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Figure 2. A - generalized map of the Czech Republic showing the Prague Basin. ¢ B — sketch map of the Prague Basin showing the Ordovician outcrops
(modified from Drost et al. 2011). » C — stratigraphic chart of the Ordovician of the Prague Basin (modified from Fatka ez al. 2013).

clear affinities with faunas from other regions of the Medi-
terranean Province (e.g., Brittany, Morocco, Spain; Havli-
¢ek & Van€k 1966; Havlicek 1982, 1989; Havlicek &
Fatka 1992; Gutiérrez-Marco et al. 1999; Lefebvre et al.
2010). In the Prague Basin, Dendrocystites was collected
in the four successive formations of Letna, Vinice, Zaho-
fany, and Bohdalec. Specimens are particularly abundant
in the two formations of Letnd and Zahotany, and extre-
mely rare in the deposits of both Vinice and Bohdalec for-
mations.

The Letnd Formation is a particularly thick litho-
stratigraphic unit (40-600 m), consisting mainly of sand-
stones alternating with finer sediments (Havlicek 1982,
Fatka et al. 2013). This unit has yielded particularly rich
and diverse echinoderm assemblages, comprising the
aristocystitid diploporan Aristocystites cf. bohemicus, vari-
ous edrioasteroids, the eocrinoid Ascocystites drabo-
wensis, the rhombiferans Echinosphaerites infaustus,
Macrocystella bohemica and Rhombifera bohemica
(Barrande 1887), the crinoid Caleidocrinus multiramus
(Waagen & Jahn 1899), the mitrate stylophorans Anati-
fopsis spinosa, Aspidocarpus bohemicus, and Bar-
randeocarpus jaekeli (Ubaghs 1979), the paracrinoid
Letenocrinus longibrachialis (Prokop & Petr 1990), and
various asteroids (Prokop & Petr 1999). Recent field work
and the reexamination of historical collections (Czech
Geological Survey, Prague and Museum fiir Naturkunde,
Berlin) both indicate the presence of additional, yet undes-
cribed echinoderm taxa in the Letnd Formation: the
diploporan Hippocystis sp. and the cornute stylophoran
Scotiaecystis sp. (L. KaSicka, pers. obs.), as well as two
new species of mitrate stylophorans (an Eumitro-

cystella-like basal paranacystid and an Enoploura-like
anomalocystitid; B. Lefebvre, pers. obs.). Dendrocystites
occurs massively in the uppermost part of the Letna Forma-
tion, within the fine-grained greywackes of the Bicuspina
Community (Havlicek 1982). In these levels, dense assem-
blages of Dendrocystites are frequently associated with
brachiopods (e.g., Bicuspina cava) and the echinoderms
Echinosphaerites infaustus, Macrocystella bohemica,
Rhombifera bohemica, and Scotiaecystis sp. (Havlicek
1982; L. Kasicka, pers. obs.). The two localities of Haj and
Trubska have yielded all the specimens of Dendrocystites
sedgwicki from the Letnd Formation figured by Barrande
(1887, pl. 27, figs 5, 19-23). All these specimens were as-
signed by Bather (1913) to a distinct species, D. barrandei.
Consequently, the two localities of H4j and Trubska were
designated as type-localities of D. barrandei by Bather
(1913).

The Vinice Formation (20-450 m) is characterized by
finer-grained siliclastic deposits (shales and silty shales)
probably resulting from a deepening of the Prague Basin
(Havlicek 1982, Storch et al. 1993). At the base of the
Vinice Formation, a well-defined horizon of sedimentary
iron ore has yielded a diverse echinoderm assemblage
(Havlicek 1982, Havlicek & Fatka 1992). This assemblage
is dominated by blastozoans (Aristocystites, Echino-
sphaerites, Fungocystites, Heliocrinites, Hippocystis,
Mespilocystites, Rhombifera; Barrande 1887), associated
with kirkocystid mitrates (“Spermacystis” ensifer is a
kirkocystid; Barrande 1872, 1887; Ubaghs 1967b) and un-
described remains of crinoids (Prokop & Petr 1999). Re-
cent field work in the Vinice Formation has yielded numer-
ous specimens of previously unreported taxa of
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echinoderms (L. Kasicka, pers. obs.): the eocrinoid Asco-
cystites sp., the cornute Scotiaecystis sp., as well as various
mitrocystitid mitrates (e.g., Aspidocarpus, Barrandeo-
carpus, Diamphidiocystis). All specimens of Dendro-
cystites were also collected in this iron ore horizon at the
base of the Vinice Formation. Three specimens of
Dendrocystites were reported by Barrande (1887, pl. 27,
figs 1, 17-18) from his bande d3, at the locality of Trubin.
However, Perner (in Bather 1913, p. 388) suggested that
only one original specimen of Barrande (1887, pl. 27,
fig. 18) could be confidently identified as actually coming
from the Vinice Formation. This specimen was assigned to
D. sedgwicki by Bather (1913). Another specimen of Den-
drocystites was collected recently in the field, thus con-
firming the presence of this genus in the Vinice Formation
(L. Kasicka, pers. obs.).

The Zahorany Formation is a thick lithostratigraphic
unit (70400 m) composed mainly of siltstones with rare
intercalations of silty shales and fine-grained sandstones
(Havlicek 1982, Havli¢ek & Fatka 1992). The occurrence
of hummocky cross stratification and of abundant trace
fossils belonging to the Zoophycos ichnofacies are both
suggestive of shallower environmental conditions than in
the underlying Vinice Formation (Storch et al. 1993, Miku-
1as 1999). The fine-grained sandstones of the Zahofany
Formation have yielded a diverse echinoderm assemblage
dominated by blastozoans (Aristocystites, Calix, Cardio-
cystites, Codiacystis, Echinosphaerites, Fungocystites,
Hippocystis, Homocystites, Mespilocystites, Rhombifera;
Barrande 1887; Parsley 1990, 1998; Prokop & Petr 1999),
associated with asteroids (Jaekel 1903), edrioasteroids
(Barrande 1887), ophiuroids (Bohemura jahni; Petr
1989a), and rare crinoids (Polycrinus ramulatus; Jaekel
1918, Prokop 1984) and mitrates (Barrande 1872, 1887). In
the Zahotany Formation, Dendrocystites occurs massively
in some levels of greywackes characterized by low-diver-
sity assemblages comprising mostly infaunal ophiuroids
(Bohemura  jahni), stemmed blastozoans (Echino-
sphaerites infaustus), and conulariids (Petr 1989a). Other
faunal elements (e.g., trilobites) are usually rare or absent
in such horizons. Dendrocystites sedgwicki was initially
reported by Barrande (1867) at the locality of Zahotany, in
micaceous siltstones of the Zahotfany Formation, and most
of his figured specimens are from this locality (Barrande
1887, pl. 26, figs 1-22, pl. 27, figs 2—4, 6-16). All speci-
mens of Dendrocystites collected in the Zahotany Forma-
tion were identified as D. sedgwicki by Bather (1913), and
Zahotany was defined as type-locality for this species.
However, the examination of the abundant material of
Dendrocystites available in both public and private collec-
tions indicates that not only large D. sedgwicki-like speci-
mens occur in the Zahorany Formation, but also small
D. barrandei-like ones, as well as specimens of Den-
drocystites intermediate both in size and in morphology
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between D. barrandei and D. sedgwicki (see discussion
below).

The Bohdalec Formation is a relatively thick and monot-
onous lithostratigraphic unit (20-500 m) consisting mostly
of black shales, with some interbedded levels of siltstones
and fine-grained sandstones (Havlicek 1982, Havlicek &
Fatka 1992, Storch et al. 1993). In the Bohdalec Formation,
echinoderm assemblages are less diverse than in the three
underlying formations. They are dominated by crinoids
(e.g., Caleidocrinus; Waagen & Jahn 1899, Havlicek 1982),
associated with asteroids (Prokop & Petr 1999), blastozoans
(Aristocystites, Echinosphaerites; Barrande 1887, Parsley
1990), and ophiuroids (Klarasterina klara, Taeniaster
bohemicus; Petr 1989b, Mikulas et al. 1995). During recent
field work, one poorly preserved specimen of Dendro-
cystites was collected in the Bohdalec Formation (L. Ka-
Sicka, pers. obs.), thus extending the stratigraphic range of
the genus into the late Berounian.

Material and methods

This study is based primarily on the observation of more
than 300 specimens of Dendrocystites from the Upper Or-
dovician of Bohemia deposited in several private collec-
tions and also in the following public institutions: Natural
History Museum, London (BMNH), Czech Geological
Survey, Prague (CGS), Naturhistoriska riksmuseet, Stock-
holm (EC), Université Lyon 1, Villeurbanne (FSL), Mu-
seum fiir Naturkunde, Berlin (MB), National Museum,
Prague (NMP), and Naturhistorisches Museum, Vienna
(NMW). More than 50 additional specimens of Dendro-
cystites from the Upper Ordovician of Morocco and Spain
were also examined for comparison purposes. This mate-
rial is deposited in the following public collections: Uni-
versité Cadi Ayyad, Marrakech (AA), Université Lyon 1,
Villeurbanne (FSL), Muséum d’Histoire naturelle, Mar-
seille (MHNM), Muséum d’Histoire naturelle, Toulouse
(MHNT), Musée des Confluences, Lyon (ML), and Museo
Paleontolégico de la Universidad de Zaragoza (MPZ). Fi-
nally, additional comparative material comprising both
original specimens (Castericystis vali, Coleicarpus sprin-
klei, Dendrocystoides scoticus, Girvanicystis batheri, Mi-
nervaecystis vidali, Plasiacystis mobilis) and casts of type
specimens (lowacystis sagittaria, Myeinocystites cros-
smani, Scalenocystites strimplei) was also examined in the
collections of the Natural History Museum, London
(BMNH) and Université Lyon 1, Villeurbanne (FSL).
Specimens of Dendrocystites are typically preserved as
hollow (negative) moulds, because of the dissolution of
their original calcite skeleton. Consequently, latex casts
were made so as to reproduce the original (positive) aspect
of the specimens. Some of these latex peels were re-casted
with polyurethane at the Paleolab of Bristol University.



Casts were then coated either with ammonium chloride
(NH4Cl) or magnesium oxide (MgO), for both photo-
graphic and drawing purposes (camera-lucida mounted on
a binocular microscope Leica MZ1257).

Systematic palaeontology

Phylum Echinodermata Bruguiere, 1791 (ex Klein, 1734)
Subphylum Blastozoa Sprinkle, 1973

Discussion. — Solutans were sometimes identified as crus-
taceans (Withers 1933), or interpreted as hemichordate-
like, primitive chordates (Jefferies 1990; Daley 1992,
1995, 1996; Benton 1993; Rozhnov & Jefferies 1996; Roz-
hnov 2002). However, echinoderm affinities were more
generally suggested for these fossils. Within echinoderms,
solutans were sometimes erroneously identified as crinoids
(Billings 1859, Wachsmuth & Springer 1881) but, follow-
ing Barrande (1867, 1887) they were generally interpreted
as “cystoids” or blastozoans (Wetherby 1881, Neumayr
1889, Miller & Gurley 1894, Haeckel 1896, Zittel 1903,
Bather 1913, Thomas & Ladd 1926, Dehm 1934, Thoral
1935, Bassler & Moodey 1943, Moret 1958, Easton 1960,
Parsley 1997, Sumrall 1997, Dzik 1999, David et al. 2000,
Lefebvre & Fatka 2003, Sprinkle & Guensburg 2004, Ka-
cha & Sari¢ 2009, Nardin et al. 2009). Alternatively, solu-
tans were also frequently allied with other flatfish, asym-
metrical echinoderms within the homalozoans or
“carpoids” (Jaekel 1918, Regnéll 1945, Termier & Termier
1948, Cuénot 1953, Gill & Caster 1960, Nichols 1962, Pars-
ley & Caster 1965, Ubaghs 1970, Kolata et al. 1977,
Ubaghs & Robison 1985, Sprinkle & Kier 1987, Allasinaz
1999, Smith 2005). Solutans are considered herein as deri-
ved blastozoans (Sumrall 1997, David et al. 2000, Sprinkle
& Guensburg 2004, Nardin et al. 2009) rather than as basal,
hemichordate-like echinoderms (Smith 2005, 2008).

Class Soluta Jaekel, 1901

Discussion. — In the last 50 years, solutans were generally
assigned to the order Soluta Jaekel, 1901 within the class
Homoiostelea Gill & Caster, 1960 (Caster 1967; Ubaghs
1970; Nichols 1972; Parsley 1972, 1997; Kolata 1973; Ko-
lata et al. 1977; Ubaghs & Robison 1985, 1988; Sprinkle
1992; Sumrall et al. 1997, 2012; Allasinaz 1999; David et
al. 2000; Rozhnov 2002; Prokop & Petr 2003; Parsley &
Sumrall 2007; Parsley et al. 2012; Rahman & Lintz 2012).
As originally defined by Gill & Caster (1960), the class
Homoiostelea and its two subdivisions, the superorders
Astylophora (order Soluta) and Stylophora (orders Cornuta
and Mitrata) relied mainly on the supposedly similar aspect
of the long appendage (stele) in these three groups of “car-
poids”. However, the homology of all homoiostelean steles
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was seriously questioned by Ubaghs (1963, 1967a, 1981),
who removed the stylophorans from the homoiosteleans,
and placed them in a separate class Stylophora. As a conse-
quence, the class Homoiostelea was reduced to the single
order Soluta, and the two taxonomic groups homoiostele-
ans and solutans became coextensive. The taxon name Ho-
moiostelea is thus considered here as a junior, redundant
synonym of Soluta and, following previous suggestions
(e.g., Caster 1983, Daley 1992, Lefebvre et al. 2012), So-
luta is retained as the valid class name.

The class Soluta Jaekel, 1901 is characterized by a low
taxonomic diversity (18 genera described so far), a long
stratigraphic range (mid Cambrian to Early Devonian), and
arelatively wide morphological disparity within a same ba-
sic body plan (a polyplated theca with a single brachiole
and a multimeric stem-like appendage). All new taxa were
initially assigned to the single family Dendrocystidae
Bather, 1899 (family name corrected into Dendrocystitidae
Bassler, 1938; see below). However, in the last 50 years,
repeated difficulties in identifying phylogenetic relation-
ships between the taxa led to a dramatic increase in new
family names: Iowacystidae and Rutroclypeidae (Gill &
Caster 1960), Syringocrinidae (Parsley & Caster 1965),
Belemnocystitidae, Girvanicystidae and Minervaecystidae
(Caster 1967), Maennilidae (Rozhnov & Jefferies 1996),
and Plasiacystidae (Prokop & Petr 2003). All these fami-
lies are still considered as valid by most authors (e.g.,
Benton 1993), with the only exception of the family
Belemnocystitidae, which was put in synonymy with the
family Iowacystidae by Kolata et al. (1977). The only
phylogenetic analysis completed so far on solutans con-
firms the monophyly of iowacystids, but leaves all other
genera as a weakly resolved, paraphyletic assemblage be-
tween basal-most taxa (Coleicarpus, Castericystis) and
iowacystids (Parsley 1997; see also Parsley & Sumrall
2007, Parsley et al. 2012).

The detailed reexamination of solutan morphology (see
above) suggests that the identification of relationships be-
tween solutan genera has been largely obscured by the
wide morphological disparity displayed by the theca (e.g.,
almost half of the characters used in Parsley’s 1997 phylo-
genetic analysis are based on the shape, the ornamentation
and the plating of the theca). It is suggested here that two
main solutan clades can be readily identified based primar-
ily on the organization of their dististele and the morphol-
ogy of their periproct, and possibly also on the location of
their brachiole. The longitudinally undifferentiated stalk-
like homoiostele of Coleicarpus probably represents the
plesiomorphic condition in solutans (Daley 1996, Parsley
1997, David et al. 2000, Smith 2005). It is proposed here
that two morphologically distinct patterns of dististele or-
ganization were elaborated independently from the poly-
plated, undifferenciated stalk-like appendage of Colei-
carpus. Consequently, a major subdivision of the class

459



Bulletin of Geosciences * Vol. 89, 3, 2014

Soluta into two main clades (the orders Dendrocystitida
and Syringocrinida) is suggested below. The monophyly of
each order is supported by apomorphies based primarily on
the organization of the dististele and the morphology of the
periproct. In this revised taxonomic scheme, Coleicarpus
(Fig. 3A) is not assigned to any of the two solutan orders, as
this genus very likely occupies a basal position within the
class Soluta. A detailed phylogenetic analysis of all solutan
taxa is beyond the scope of this paper, but is in preparation
and will be presented elsewhere.

Order Syringocrinida (Parsley & Caster, 1965) ord. nov.

Diagnosis. — An order of solutans with a multimeric homoi-
ostele comprising a highly flexible proxistele and a rigid dis-
tistele. Particularly flattened and enlarged dististele, gene-
rally ornamented on one lateral side. Dististele made of two
series (left and right) of skeletal elements, separated by a
longitudinal zigzag suture and frequently, by irregular inter-
calary platelets. Periproct always located in lateral (margi-
nal) position, close to homoiostele insertion. Anal opening
located either at the summit of a large and high,
cone-shaped, valvular pyramid or consisting of a narrow slit
in between two enlarged marginal thecal plates forming
a clam shell door-like structure. Single brachiole inserted
either in apical position, or more posteriorly, along the anta-
nal thecal margin and/or on the plano-concave thecal side.
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Figure 3. Solutan morphology: basal
taxa (A) and Dendrocystitida (B-D),
all in upper aspect. * A — Coleicarpus
sprinklei, redrawn from Daley (1996).
* B — Dendrocystitoides scoticus, re-
drawn from Jefferies (1990). « C —
Girvanicystis batheri, redrawn from
Daley (1992). « D - Maennilia

D estonica, redrawn from Rozhnov &
Jefferies (1996).

Discussion. — Syringocrinus paradoxicus Billings, 1859,
from the Upper Ordovician of Quebec, Canada is the type
species of the family Syringocrinidae Parsley & Caster,
1965 and the first solutan ever described showing an en-
larged, flattened dististele (see Billings 1859, pl. 10,
fig. 14; Bather 1913, 1928; Gill & Caster 1960; Parsley &
Caster 1965; Caster 1967). The monogeneric family Sy-
ringocrinidae is here elevated to ordinal level, so as to in-
clude Castericystis vali plus all other solutans previously
assigned to the families Iowacystidae (Belemnocystites,
lowacystis, Myeinocystites, Scalenocystites), Minervae-
cystidae (Minervaecystis), and Plasiacystidae (Plasiacys-
tis) (Fig. 4). The enigmatic genus Drepanocystis, from the
Lower Ordovician Wah Wah Limestone of Utah (Sumrall
et al. 2012), is tentatively interpreted herein as a highly
derived syringocrinid solutan. Within the order Syringoc-
rinida, the family Iowacystidae is retained here as a valid
taxonomic entity, corresponding to a well-defined clade
of derived Late Ordovician Laurentian solutans. All other
genera probably represent a paraphyletic assemblage
of basal syringocrinids. The stratigraphic distribution of
syringocrinid solutans is apparently restricted from
the mid Cambrian (Castericystis) to the Late Ordovician
(Iowacystidae, Syringocrinus). The late Cambrian isola-
ted homoiosteles from Nevada figured by Ubaghs (1963)
and Sumrall ez al. (1997) clearly belong to syringocrinid
solutans.
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Figure 4. Solutan  morphol-
ogy: Syringocrinida. All taxa in
upper aspect. * A — Castericystis
vali, redrawn from Daley
(1995). « B — Minervacystis vi-
dali, redrawn and modified
from Ubaghs (1970). « C — Pla-
siacystis mobilis, redrawn from
Lefebvre et al. (2012). « D —
lowacystis sagittaria, redrawn
from Kolata et al. (1977).

Order Dendrocystitida (Bassler, 1938) ord. nov.

Diagnosis. — An order of solutans with a multimeric homo-
iostele comprising a highly flexible proxistele and a rigid
dististele. Elongate, narrow, cylindrical dististele without
any lateral ornamentation. Dististele made of two series
(upper and lower) of tightly sutured skeletal elements.
Wide, extremely flat, circular periproct located either on
convex thecal surface or in lateral (marginal) position,
close to homoiostele insertion. Periproct frequently contai-
ning one or two enlarged, hemispherical suranal, “sugar-
loaf” plates. Single brachiole inserted either in apical posi-
tion, or more posteriorly, along the anal thecal margin
and/or on the plano-concave thecal side.

Discussion. — Dendrocystites sedgwicki (Barrande, 1867)
from the Upper Ordovician of the Prague Basin, Czech
Republic represents both the type species of the family
Dendrocystitidae Bassler, 1938 and the first solutan ever
described possessing an elongate, cylindrical dististele.
The family Dendrocystitidae is here elevated to ordinal le-
vel, 5o as to include the solutan indet. from the Sarka For-
mation described by Lefebvre et al. (2012), plus all genera
previously assigned to the four families Dendrocystitidae,
Girvanicystidae, Maennilidae and Rutroclypeidae (i.e.,
Claritacarpus, Dehmicystis, Dendrocystites, Dendrocysto-
ides, Girvanicystis, Heckericystis, Maennilia and Rutro-
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clypeus) (Fig. 3B-D). The dististele of the Darriwilian so-
lutan indet. from Bohemia shows the typical organization
of dendrocystitid solutans (see Lefebvre er al. 2012,
figs 6.3, 8.1). However, the Czech solutan indet. is here in-
terpreted as a probable basal dendrocystitid, because of the
absence of any “sugar-loaf” suranal plate in its wide circu-
lar periproct (see Lefebvre e al. 2012, figs 6.2, 6.4, 7.2,
8.2). The presence of “sugar-loaf” elements is considered
here as an apomorphy of the family Dendrocystitidae (see
below). The stratigraphic range of dendrocystitid solutans
extends at least from the Middle Ordovician (solutan indet.
from the Prague Basin) to the Early Devonian (Claritacar-
pus, Dehmicystis, Rutroclypeus). However, a yet undescri-
bed solutan from the late Cambrian (Furongian) of China
(Zamora et al. 2012) may represent the oldest known den-
drocystititid.

Family Dendrocystitidae Bassler, 1938

Diagnosis. — A family of dendrocystitids with a large circu-
lar periproct containing one or two suranals (“sugar-loaf”
plates). Brachiole inserted either in apical position, or more

posteriorly, along the anal thecal margin.

Discussion. — Individual solutan genera were initially assigned
to various families of “cystoids”, such as echinosphaeritids

461



Bulletin of Geosciences * Vol. 89, 3, 2014

(Neumayr 1889), anomalocystitids (Miller & Gurley 1894,
Zittel 1903, Thomas & Ladd 1926, Strimple 1953), and
aristocystitids (Haeckel 1896). The family Dendrocystidae
(name later corrected into Dendrocystitidae Bassler, 1938)
was originally defined by Bather (1899, 1900), so as to in-
clude all “cystoid” genera with a single brachiole inserted
into the theca (Dendrocystites, Syringocrinus). Consequ-
ently, in its original conception, the family Dendrocystiti-
dae matches closely the modern definition of the class So-
luta. However, as originally defined by Jaekel (1901), the
suborder Soluta was comprising the two families Dendro-
cystitidae and Rhipidocystidae. As later demonstrated by
Hecker (1940), the putative affinities between dendrocysti-
tids and rhipidocystids suggested by Jaekel (1901, 1918)
were largely based on a chimeric fossil, resulting from the
fortuitous association of a solutan homoiostele with thecal
fragments belonging to an ophiocistioid (Volchovia) and
two eocrinoids (Bockia and Rhipidocystis; see also Ubaghs
1967a, Rozhnov & Jefferies 1996). Consequently, the fa-
mily Rhipidocystidae was removed from the order Soluta
by Hecker (1940), and placed within the class Eocrinoidea
by Ubaghs (1960). As a consequence, the order Soluta was
then comprising the single family Dendrocystitidae. How-
ever, in the 1960s, most dendrocystitid genera were progres-
sively assigned to new solutan families (e.g., [owacystidae
Gill & Caster, 1960; Syringocrinidae Parsley & Caster,
1965; Minervaecystidae Ubaghs & Caster in Caster, 1967).
As redefined here, the family Dendrocystitidae comprises
the genera Claritacarpus, Dehmicystis, Dendrocystites,
Dendrocystoides, Girvanicystis, Maennilia, Rutroclypeus,
and probably Heckericystis (see discussion below).

Genus Dendrocystites Barrande, 1887

Type species. — Cystidea sedgwicki Barrande, 1867, from
the Berounian (Upper Ordovician) of the Prague Basin. By
original designation.

Emended diagnosis. — A genus of dendrocystitid solutan
with a cordiform to pear-shaped theca, with a prominent
preanal lobe and no antibrachial lobe. Thecal surfaces with-
out any strong ridge or crest, and both made of numerous,
unorganized platelets. Brachiole inserted in apical posi-
tion. Periproct with a single suranal (“sugar-loaf”) plate.

Discussion. — Most solutan species were initially assigned
to the genus Dendrocystites: for example, the type species
of Dendrocystoides Jackel, 1918, Dehmicystis Caster, 1967
and Minervaecystis Ubaghs, 1970 were originally descri-
bed as Dendrocystites scoticus, D. globulus and D. vidali,
respectively (Bather 1913, Dehm 1934, Thoral 1935).
Moreover, several taxa originally placed within other solu-
tan genera were frequently secondarily also assigned to
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Dendrocystites: for example, Syringocrinus paradoxicus
Billings, 1859 and lowacystis sagittaria Thomas & Ladd,
1926 were both subsequently assigned to the genus Den-
drocystites by Bather (1913, 1928; see also Bassler 1915,
1938; Dehm 1934; Chauvel 1941; Bassler & Moodey
1943; Regnéll 1945). Finally, various solutan fragments
were also originally attributed to Dendrocystites: for exam-
ple, D. rossicus Jaekel, 1901 and D. sp. (see Regnéll 1945).
In the last 50 years, most solutan taxa were removed from
Dendrocystites and assigned to other genera. Consequ-
ently, in most recent contributions, only three species are
still generally assigned to the genus Dendrocystites:
D. sedgwicki (Barrande, 1867), D. rossicus Jaekel, 1901,
and D. barrandei Bather, 1913 (Caster 1967, Rozhnov &
Jefferies 1996, Lefebvre et al. 2005). Dendrocystites rossi-
cus, from the Kunda regional stage of St Petersburg area
(Darriwilian), is known only from fragmentary portions of
the dististele (see Jackel 1901, 1918; Bather 1913; Hecker
1940; Rozhnov & Jefferies 1996). Although imperfectly
known, the morphology of the dististele of D. rossicus is
strongly flattened, keeled, and not dendrocystitid-like (see
Bather 1913, Parsley & Caster 1965, Ubaghs 1970). If this
observation is correct, then D. rossicus more likely belongs
to an unknown genus of syringocrinid solutan. The mor-
phology of the solutan Heckericystis kuckersiana from the
Kukruse regional stage of St Petersburg area (Sandbian) is
also imperfectly known (Hecker 1940, Gill & Caster 1960,
Caster 1967, Rozhnov & Jefferies 1996). However, its the-
cal mophology and the presence of a single sugar-loaf sura-
nal plate both suggest that H. kuckersiana may possibly re-
present a third species of Dendrocystites.

Stratigraphic range. — Upper Ordovician (Sandbian to
early Katian).

Dendrocystites barrandei Bather, 1913
Figures 1, 5A-F, 9A-D

1887 Dendrocystites sedgwicki (Barrande). — Barrande,
p- 142, pl. 27, figs 1, 5, 17-23.

1913 Dendrocystis barrandei sp. nov.; Bather, p. 383,
text-figs 6, 7, pl. 1, figs 1-4.

1926 Dendrocystis barrandei Bather. — Bather, text-fig. 6.

1928 Dendrocystis barrandei Bather. — Bather, p. 5.

1934 Dendrocystites (Dendrocystites) barrandei Bather. —
Dehm, p. 21.

1935 Dendrocystites barrandei Bather. — Thoral, p. 109.

1941 Dendrocystis barrandei Bather. — Chauvel, p. 241.

1943 Dendrocystites barrandei Bather. — Bassler & Moo-
dey, p. 34.

1945 Dendrocystites barrandei Bather. — Regnéll, p. 195.

1966 Dendrocystites sedgwicki (Barrande). — Havlicek &
Vanék, p. 54.



1967 Dendrocystites barrandei Bather. — Caster, p. 608,
text-figs 384.2, 385.

1970 Dendrocystites barrandei Bather. — Ubaghs, p. 102.

1965 Dendrocystites barrandei Bather. — Parsley & Caster,
p- 157, text-fig. 11.

1982 Dendrocystites sedgwicki (Barrande). — Havlicek,
p. 117.

1996 Dendrocystites n. sp. — Gil Cid et al., text-fig. 4.2.

1998 Dendrocystites sedgwicki (Barrande). — Chlupac et
al., p. 70.

1999 Dendrocystites barrandei Bather. — Prokop & Petr,
p- 63, table 1.

2002 Dendrocystites sp. — Ausich et al., p. 977.

2002 Dendrocystites barrandei Bather. — Dominguez et
al., p. 48.

2002 Dendrocystites sp. — Arroyo & Lara, p. 103.

2009 Dendrocystites barrandei Bather. — Rak, p. 14.

2009 Dendrocystites sedgwicki (Barrande). — Nardin et al.,
text-fig. 3.

Material. — The examined material of Dendrocystites bar-
randei from the Prague Basin comprises about 150 speci-
mens registered in Prague, Czech Republic (Czech Geolo-
gical Survey and National Museum), 5 specimens from
Berlin, Germany (Museum fiir Naturkunde: MB Ca 23-25,
MB E 6219, MB E 6311), 9 specimens from London, UK
(Natural History Museum: BMNH E16022-6030), 24 spe-
cimens from Vienna, Austria (Naturhistorisches Museum:
NMW 1890/0002/0012, NMW 1894/0008/0020.1-3,
NMW 1894/0010/0035, NMW 1903/0006/0185.1-5,
NMW  1903/0006/0186, NMW 1903/0008/0002.1-4,
NMW 1903/0008/0003.1-4, NMW 1982/0079/0082,
NMW 2006z0349/0004, NMW 2006z0350/0004.1-3), 7
specimens from Stockholm, Sweden (Naturhistorica Rik-
smuseet: EC 5538, RC 19929, EC 19930, EC
30524-30527), and 3 specimens from Villeurbanne,
France (Université Lyon 1: FSL 711164-711166).

Discussion. — Barrande’s original description of Dendro-
cystites sedgwicki was based primarily on abundant mate-
rial from the locality of Zahotany (Zahotany Formation,
Katian), complemented with fewer specimens from Trubska
(Letna Formation, Sandbian) and Trubin (Vinice Forma-
tion, Sandbian; Barrande 1867, 1887). The stratigraphi-
cally older solutans from the Letnd Formation were as-
signed to a distinct species (D. barrandei) by Bather
(1913). The main morphological differences between the
two species of Czech Dendrocystites were thoroughly in-
vestigated by Bather (1913) and Caster (1967). They con-
cern: (1) thecal size: the largest individuals of D. barrandei
are about one third smaller than those of D. sedgwicki;
(2) thecal outlines: they are less lobate and more symmetri-
cal in D. barrandei than in D. sedgwicki; (3) thecal orna-
mentation: thecal plates are smooth in all specimens of
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D. barrandei, whereas some of them display a typical orna-
mentation (delicate radiating ridges extending from a cen-
tral knob) in large individuals of D. sedgwicki; (4) thecal
plating: the theca of D. barrandei is made of fewer, compa-
ratively larger skeletal elements than in D. sedgwicki; and
(5) plating of the proxistele: the proxistele of D. barrandei
is invariably organized into distinct tetramerous rings, se-
parated by few integumentary platelets, whereas platelets
are much more abundant in between successive rings in the
proxistele of large specimens of D. sedgwicki.

Reexamination of about 300 specimens of Czech
Dendrocystites entirely confirms that all specimens from
the Letna Formation are small to medium-size solutans,
with a well-organized proxistele and a pear-shaped sym-
metrical theca consisting of few, relatively large and
unornamented skeletal elements (Fig. 5). It also confirms
that the largest specimens of Dendrocystites from the Za-
horany Formation have a more unorganized proxistele and
a more asymmetrical theca made of numerous, compara-
tively smaller plates, some of them displaying a strong or-
namentation. However, the reexamination of the Czech
material led to two more unexpected observations: (1) the
morphology of small to medium-size specimens of
Dendrocystites from the Zahorany Formation was remark-
ably similar to that of D. barrandei (see e.g., Caster 1967,
fig. 382.5; Fig. 6A, B); and (2) several specimens from the
Zahotany Formation were intermediate (Fig. 6C, D, G, I)
both in size and in morphology between small to me-
dium-size D. barrandei-like specimens and the largest,
D. sedgwicki-like ones (Fig. 6E, F, H, J-K).

In specimens from the Zahotany Formation, a regular
increase in the strength of thecal ornamentation can be doc-
umented from entirely smooth skeletal elements (small to
medium-size individuals; Fig. 7A), to the presence, on
some thecal plates, of a small central knob (large individu-
als; Fig. 7B) and finally, of a strong cone with radiating
ridges (largest individuals; Fig. 7C). The same ontogenetic
pattern of regular strengthening of thecal ornamentation
was described in Maennilia estonica (see Parsley et al.
2012, p. 467).

The observation of numerous specimens of Dendro-
cystites from the Zahotfany Formation also shows that the
theca of small to medium-size specimens is made of a lim-
ited number of relatively large skeletal elements
(D. barrandei condition). In larger individuals, numerous
polygonal platelets are added in between and around preex-
isting larger thecal plates, thus producing the typical
“rosetting pattern” described by Caster (1967, p. 608; see
also Bather 1913, p. 388). However, such a rosetting pat-
tern is not unique to Dendrocystites sedgwicki, but occurs
also in other solutans (e.g., Rutroclypeus; Gill & Caster
1960), and indeed in most blastozoans with a polyplated,
unorganized theca (e.g., Balantiocystis, Eumorphocystis;
see Sprinkle & Guensburg 2001, fig. 2). A similar pattern
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of thecal growth by insertion of successive generations of
plates was also described in some basal edrioasteroids and
primitive crinoids (Sprinkle & Guensburg 2001, Guens-
burg & Sprinkle 2003). Consequently, the distinctive plate
pattern observed in the largest individuals of D. sedgwicki
simply results from their larger thecal size, and the inser-
tion of numerous secondary platelets between large pri-
mary elements.

Similarly, the examination of the abundant material of
Dendrocystites sedgwicki from the Zahorany Formation
confirms the growth pattern already described by Caster
(1967, p. 597) for the proxistele (Fig. 8). All possible mor-
phological intermediates can be observed, from well-orga-
nized proxisteles, with distinct tetramerous rings and few
intercalated platelets (small to medium size specimens;
D. barrandei condition) to almost completely unorganized
ones, with disrupted rings entirely submerged within nu-
merous platelets (largest specimens of D. sedgwicki).

Consequently, small to medium size individuals of
D. barrandei and D. segdwicki are morphologically identi-
cal. Distinctive characters of D. sedgwicki occur only in the
largest specimens, and are apparently all size-related (e.g.,
stronger ornamentation, rosetting pattern of thecal plates,
proliferation of platelets in the proxistele). It seems un-
likely that the absence of large D. sedgwicki-like individu-
als in the Letn4 Formation results from a taphonomic bias
(selective preservation of small to medium size D. bar-
randei-like specimens). A wide range of thecal sizes is ob-
served for individuals of Dendrocystites in both the Letna
and the Zahorany Formation. In both stratigraphic levels,
palaeoenvironmental and taphonomic conditions were rel-
atively similar, and no evidence of size sorting was re-
ported so far (Chlupéa¢ 1993, Mikulas 1999, Kécha & Sari&
2009, Fatka er al. 2013). Moreover, the skeleton of
Dendrocystites is composed of hundreds of loosely articu-
lated skeletal elements: this condition is typical of “type 1”
taxa in the qualitative taphonomic classification of echino-
derms proposed by Brett et al. (1997; see also Lefebvre
2007). Taphonomic attributes of the Dendrocystites hori-
zons from the Letnd and Zahorany formations compare
closely with those described in other Early Palaeozoic
echinoderm Lagerstitten (see e.g., Ubaghs & Robison
1985, Brett et al. 1997, Lefebvre 2007, Zamora et al.
2013). The preservation of hundreds of complete, fully ar-
ticulated individuals in shallow, high-energy, siliciclastic
storm-generated deposits probably results from the rapid
and deep burial of life and/or immediate post-mortem com-

munities by a sudden influx of sediments. Organisms were
preserved either in situ or displaced along a short distance.
The alignment of specimens suggests that entombment was
probably caused by a single, unidirectional obrution event.
Consequently, the two exceptionally preserved dense as-
semblages of Dendrocystites from the Prague Basin pro-
vide very likely a relatively accurate picture of the original
populations. This implies that the absence of D. sedg-
wicki-like large specimens in the Letna Formation is proba-
bly original.

The co-occurrence of D. barrandei-like and D. sedg-
wicki-like solutans in the same levels of the Zahotany For-
mation questions both the stratigraphic range of D. bar-
randei and the existence of a putative (sexual?)
dimorphism in Dendrocystites. However, the possibility
that small to medium size specimens from the Zahotany
Formation belong to D. barrandei and all larger co-occur-
ring individuals to a distinct species (D. sedgwicki) can be
ruled out because the same stratigraphic levels have
yielded specimens displaying all intermediate mor-
phologies between these two morphotypes. For the same
reason, the existence of a putative dimorphism can be also
excluded (moreover, large D. sedgwicki-like specimens are
absent in the Letna Formation). The co-occurrence of small
to medium size D. barrandei-like and large D. sedg-
wicki-like solutans in the Zahotany Formation is here inter-
preted as the result of heterochronic processes (pera-
morphosis) (Fig. 9). It is suggested that the ontogenetic de-
velopment of solutans from the Zahotany Formation was
extending beyond that of the stratigraphically older ones
from the Letna Formation, thus permitting the addition of
new stages (and associated morphological innovations) to
the end of the ancestral developmental sequence. If this in-
terpretation is correct, then all morphological features
unique to the largest specimens of D. sedgwicki would then
correspond to hyperadult characters (e.g., acquisition of
more asymmetrical thecal outlines, strengthening of thecal
ornamentation, insertion of secondary platelets between
and around larger primary thecal plates, proliferation of
unorganized skeletal elements within the proxistele). Con-
sequently, it is suggested here that the two successive spe-
cies of Late Ordovician dendrocystitids from the Prague
Basin constitute a peramorphocline, with the largest indi-
viduals of D. sedgwicki displaying hyperadult mor-
phologies (hypermorphosis). This interpretation is in good
agreement with observations made in other blastozoans
possessing a polyplated theca: opposite patterns showing a

Figure 5. Dendrocystites barrandei Bather, 1913. » A — NMP.L.13145, upper surface, Letna Formation; specimen originally figured by Barrande
(1887, pl. 27, fig. 20, 21). *« B—MB.E.6219, upper surface, Letnd Formation; specimens originally figured by Caster (1967, fig. 385).« C —NMP.L.10676,
upper surface, Letnd Formation; specimen originally figured by Barrande (1887, pl. 27, figs 22, 23). « D — CGSP.JH.1106, upper surface, Letnd Forma-
tion. * E—-NMW.1894/0010/0035, lower surface, Letna Formation. « F— NMP.L.31144, upper surface, Vinice Formation; specimen originally figured by

Barrande (1887, pl. 27, fig. 18). All photographs from latex casts.
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drastic reduction in the number of thecal plates are gener-
ally considered as paedomorphic (see e.g., Sprinkle &
Guensburg 2001).

The Vinice Formation has yielded very few specimens
of Dendrocystites (see above). All specimens known so far
(including the specimen figured in Barrande 1887, pl. 27,
fig. 18; see Bather 1913, p. 388) correspond to small to me-
dium size individuals. The number of available specimens
is currently too reduced to determine if they should be defi-
nitely assigned to D. barrandei or to D. sedgwicki. In the
absence of large individuals showing hyperadult characters
typical of D. sedgwicki, all specimens of Dendrocystites
from the Vinice Formation are here provisorily assigned to
D. barrandei. Similarly, all specimens of Dendrocystites
observed so far from the Sandbian of Spain (Pizarras
Cantera Formation) correspond to small to medium size
D. barrandei-like individuals. This material is thus pro-
visorily identified as D. barrandei too, pending a more in-
tensive sampling.

Occurrence. — Letna and Vinice formations, Prague Basin,
Czech Republic (Barrande 1887, Bather 1913, Caster
1967; L. Kasicka, pers. obs.); Pizarras Cantera Formation,
El Viso del Marqués, Ciudad Real Province, Spain (Gil Cid
et al. 1996, Arroyo & Lara 2002, Ausich et al. 2002).

Dendrocystites sedgwicki (Barrande, 1867)
Figures 6A-K, 7A-C, 8A-C, 9E, F, 10

1867 Cystidea sedgwicki sp. nov.; Barrande, p. 179.

1887 Dendrocystites sedgwicki (Barrande). — Barrande,
p- 142, pl. 26, figs 1-22, pl. 27, figs 24, 6-16.

1889  Dendrocystites sedgwicki (Barrande). — Neumayr,
text-fig. 107.

1896 Dendrocystis sedgwicki (Barrande). — Haeckel, p. 55.

1900 Dendrocystis (Barrande). — Bather,
text-fig. 9.

1901 Dendrocystites sedgwicki (Barrande). — Jaekel,
p. 673, text-fig. 9.

1913 Dendrocystis sedgwicki (Barrande). — Bather, p. 387,
text-fig. 8, pl. 1, figs 5-9.

1915  Dendrocystites sedgwicki (Barrande). — Bassler, p. 398.

1926 Dendrocystis (Barrande). — Bather,
text-fig. 7.

1928 Dendrocystis sedgwicki (Barrande). — Bather, p. 6.

1934 Dendrocystites (Dendrocystites) sedgwicki (Bar-
rande). — Dehm, p. 21, text-fig. 6b.

1935  Dendrocystites sedgwicki (Barrande). — Thoral, p. 109.

1941  Dendrocystis sedgwicki (Barrande). — Chauvel, p. 234.

1943  Dendrocystites sedgwicki (Barrande). — Bassler &
Moodey, p. 34.

1945 Dendrocystites sedgwicki (Barrande). — Regnéll,
p. 195.

sedgwicki

sedgwicki
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1960 Dendrocystites sedgwicki (Barrande). — Easton,

p- 597, text-fig. 14.8.

Dendrocystites sedgwicki (Barrande). — Gill & Cas-

ter, p. 25, text-fig. 2.

1965 Dendrocystites sedgwicki (Barrande). — Parsley &
Caster, p. 129, text-fig. 11.

1966 Dendrocystites batheri nomen nudum. — Havlicek &
Vanék, p. 57.

1967 Dendrocystites sedgwicki (Barrande). — Caster,
p. 608, text-figs 372, 377, 378.1, 382.1-5, 383.1-3.

1978 Dendrocystites aff. sedgwicki (Barrande). — Gupta &
Termier, p. 476, text-fig. 3, pl. 1, figs 3, 4.

1982  Dendrocystites sedgwicki (Barrande). — Jell & Hollo-
way, p. 42.

1960

1989a Dendrocystites sedgwicki (Barrande). — Petr, p. 6,
text-figs 2, 6, 7, pl. 1, pl. 4, fig. 2, pl. 7, 8.

1990 Dendrocystites sedgwicki (Barrande). — Jefferies,
p. 639.

1993  Dendrocystites sedgwicki (Barrande). — Benton,
p. 532.

1993  Dendrocystites batheri nomen nudum. — Chlupac,
p- 56.

1995 Dendrocystites sedgwicki (Barrande). — Mikulds et
al., p. 20.

1996 Dendrocystites sedgwicki (Barrande). — Rozhnov &
Jefferies, p. 94, text-fig. 6.

1998  Dendrocystites sedgwicki (Barrande). — Parsley,
p- 255.

1999  Dendrocystites sedgwicki (Barrande). — Allasinaz,
p. 712, text-figs 19.5.1a, b.

1999  Dendrocystites sedgwicki (Barrande). — Prokop &
Petr, p. 66, table 1.

2002 Dendrocystites sedgwicki (Barrande). — Dominguez
etal.,p.48.

2009 Dendrocystites sedgwicki (Barrande). — Kacha & Sa-
ri¢, p. 171.

2010 Dendrocystites sp. — Hunter et al., text-figs 4, 5.

2010 Dendrocystites sedgwicki (Barrande). — Lefebvre et
al., text-fig. TA.

2012 Dendrocystites sedgwicki (Barrande). — Lefebvre et

al., p. 288.

Material. — The studied material of Dendrocystites sedg-
wicki from the Prague Basin comprises about 100 speci-
mens registered in Prague, Czech Republic (Czech Geolo-
gical Survey and National Museum), 1 specimen from
Berlin, Germany (Museum fiir Naturkunde: MB E 6490),
5 specimens from London, UK (Natural History Museum:
BMNH E16018- 16021, BMNH E16031), and 2 speci-
mens from Vienna, Austria (Naturhistorisches Museum:
NMW NMW 1900/0002/0004.1-2).

Discussion. — Dendrocystites sedgwicki is particularly
abundant in the Zahorany Formation of the Prague Basin.
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Figure 6. Dendrocystites sedgwicki (Barrande, 1867). All specimens from the Zahotany Formation. « A — NMP.13/1989, lower surface.
*B—NMP.L.13142, upper surface; specimen originally figured by Barrande (1887, pl. 27, figs 8, 9). « C—NMP.L.13138, upper surface; specimen origi-
nally figured by Barrande (1887, pl. 26, figs 14, 15). « D — NRS.Ec.30524, upper surface. * E— NRS.Ec.30523a, upper surface. * F—NMP.L.10662, upper
surface; specimen originally figured by Barrande (1887, pl. 26, figs 16, 17). « G—NMP.L.10667, lower surface; specimen originally figured by Barrande
(1887, pl. 26, figs 20, 21). « H—NMP.L.40531, lower surface; specimen originally figured by Caster (1967, fig. 383.3). « - NMP.L.10673, lower surface;
specimen originally figured by Barrande (1887, pl. 27, figs 12, 13). « J — NMP.L.10663, lower surface; specimen originally figured by Caster (1967,
fig. 383.2). « K—NMP.L.13136, lower surface; specimen designated as lectotype of D. sedgwicki by Bather (1913, p. 388), originally figured by Barrande
(1887, pl. 26, figs 6, 7) and Caster (1967, fig. 383.1). Photographs from latex (A—I, K-L) and polyurethane (J) casts.

Its occurrence in the overlying Bohdalec Formation is re-  morphology of D. sedgwicki (L. KaSicka, pers. obs). Abun-

ported here for the first time, based on the recent discovery ~ dant remains of Dendrocystites were recently reported
of a single large specimen displaying the typical hyperadult  from the top of the Lower Ktaoua Formation (early Katian)
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Figure 7. Dendrocystites sedgwicki (Barrande, 1867), Zahotany Formation. Growth pattern of ornamentation on lower thecal surface. All photographs
X 16.* A—NMP.L.1/56/13 (latex cast): smooth plates. * B— NMP.L.10664 (polyurethane cast): plates with small central knob. ¢ C — NMP.L.10663 (poly-

urethane cast): plates with strong central cone and radiating ridges.

Figure 8. Dendrocystites sedgwicki (Barrande, 1867), Zahofany Formation. Growth pattern of the proxistele; all specimens X 8. ¢ A — NMP.L.1/56/13
(latex cast): well-organized tetramerous rings (latex cast). * B — NMP.L.10673 (latex cast): partially disorganised proxistele. ¢ C — NMP.L.10663 (poly-
urethane cast): totally disorganised proxistele.

in the eastern Anti-Atlas, Morocco (Lefebvre et al. 2007,
2010; Hunter er al. 2010). Pending the detailed description
of the Morocan material of Dendrocystites, it is provisorily
assigned here to D. sedgwicki, because of the co-occur-
rence, in the same stratigraphic levels, of small to medium
size D. barrandei-like individuals with larger, D. sedg-
wicki-like ones. A specimen of Dendrocystites aff. sedg-
wicki was described by Gupta & Termier (1978) from the
Middle? Ordovician of Nepal. However, as pointed out by
Webster (1991), this record appears as extremely doubtful:
all Ordovician taxa mentioned in that paper are known
from the Prague Basin (i.e., the diploporan Codiacystis bo-
hemica, the mitrate Lagynocystis pyramidalis, and the so-
lutan Dendrocystites aff. sedgwicki). Moreover, their pre-
servation is very Bohemian-like, and very different from
that of fossils actually collected in the Kathmandu area (see
Talent 1990). It is thus very likely that the single specimen
of Dendrocystites figured by Gupta & Termier (1978) was
probably not collected in the Himalaya, but more likely in
the Prague Basin.

Occurrence. — Zahotany and Bohdalec formations, Prague
Basin, Czech Republic (Barrande 1887, Bather 1913, Cas-
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ter 1967; L. KaSicka, pers. obs.); uppermost part of the
Lower Ktaoua Formation, Jbel Tijarfaiouine, eastern
Anti-Atlas, Morocco (Lefebvre et al. 2007, 2010; Hunter et
al. 2010).

Palaeoecology of Dendrocystites

In the Upper Ordovician of Bohemia, Dendrocystites oc-
curs massively in some horizons of the Letna and Zahotany
formations, but it is extremely rare in the Vinice and Boh-
dalec formations. Such a distribution pattern is not random,
but coincides closely with first order fluctuations of the
sea-level in the Prague Basin: the storm-influenced silt-
stones of the Letna and Zahorany formations correspond to
relatively shallow environmental conditions, whereas the
shale-dominated deposits of the Vinice and Bohdalec for-
mations are generally interpreted as transgressive units, as-
sociated with a deepening of the Basin (Havlicek 1982,
Havlicek & Fatka 1992, Chlupac et al. 1998, Mikulas
1999). In both Morocco and Spain, dense assemblages of
Dendrocystites are also apparently restricted to relatively
coarse (siltstones, sandstones), storm-influenced deposits



Figure 9. Ontogenetic sequences in Dendrocystites barrandei
Caster, 1913, Letnd Formation (A-D) and Dendrocystites sedg-
wicki (Barrande, 1867), Zahofany Formation (E, F). Mor-
phologies associated to small and medium body sizes (A to D)
are observed in both D. barrandei and D. sedgwicki.
Morphologies associated with larger body sizes (E to F)
are present only in D. sedgwicki. Camera-lucida drawings based
on latex casts. * A - NMPL.36117, upper surface.
* B — NMP.13/1988, lower surface. * C — NMP.L.4833, upper
surface. « D — NMP.L.6046, upper surface. « E—NMP.L.10673,
lower surface. * F — NMP.L.10663, lower surface.

(Gil Cid et al. 1996; Lefebvre et al. 2007, 2010; Hunter et
al. 2010). In all regions, dense assemblages of Dendrocys-
tites are characterized by a low diversity associated fauna,
generally dominated by other free-living, unattached echi-
noderms (e.g., glyptocystitid rhombiferans, ophiuroids,
stylophorans). Other typical benthic organisms (e.g., bival-
ves, brachiopods, trilobites) are generally rare or absent in
Dendrocystites-dominated horizons, whereas they occur
more abundantly in both underlying and overlying parts
of the succession (Petr 1989a, Lefebvre et al. 2010). How-
ever, the occurrence of a low diversity associated fauna is
not unique to Dendrocystites-dominated assemblages, but
apparently the rule in most Palaeozoic echinoderm dense
beds (Ubaghs & Robison 1988, Mikulas et al. 1995, Hunter
etal. 2007, Lefebvre 2007), as well as in dense populations
of modern ophiuroids (Fujita 1992, Aronson & Blake
1997). Both extant and fossil echinoderm dense beds are
generally interpreted as opportunistic assemblages, associ-
ated with oligotrophic conditions and/or a low intensity of
predation pressure (Fujita 1992, Aronson & Blake 1997,
Lefebvre 2007). In modern seas, asteroids, teleost fish and
decapod crustaceans are the main predators feeding on
benthic, free-living echinoderms (Fujita 1992, Aronson &
Blake 1997). In Late Ordovician times, both asteroids and
cephalopods were already diverse and probably among the
top predators feeding on benthic organisms (Blake &
Guensburg 1994, Lefebvre 2007, Kroger et al. 2009, Blake
2013). However, asteroid remains and cephalopod conchs
are both rare or absent in Dendrocystites-dominated hori-
zons, thus suggesting a low intensity of predation pressure.

Fleur Noailles et al. = Upper Ordovician Dendrocystites Barrande, 1887

In the Zahotany Formation, Petr (1989a) figured several
exquisitely preserved specimens of the infaunal ophiuroid
Bohemura jahni feeding on individuals of Dendrocystites
sedgwicki (Fig. 10). However, it cannot be determined if
ingested specimens of Dendrocystites were still alive or al-
ready dead, and thus if Bohemura was a predator or a sca-
venger.

The feeding behaviour of solutans is a long-standing
controversial issue, which largely depends on the putative
life orientation of the organism and more precisely, on the
orientation of its single ambulacral ray, towards or away
from the substrate. Following Bather (1913), solutans were
often oriented with their ambulacral food groove facing
away from the substrate, thus implying a suspension-feed-
ing mode of life (e.g., Gill & Caster 1960; Parsley & Caster
1965; Caster 1967; Ubaghs 1970; Parsley 1972, 1982,
1997; Parsley et al. 2012; Rahman & Lintz 2012). This ori-
entation was based on three main arguments. The first one
is that an upward-facing food groove is the rule in all
echinoderms (Caster 1967, p. 587). Caster’s statement cer-
tainly applies to various groups of both extinct and extant
echinoderms (e.g., blastoids, crinoids, edrioasteroids,
stylophorans), but the opposite orientation is also wide-
spread in both extinct and extant taxa (e.g., asteroids,
ophiuroids, pleurocystitid rhombiferans). The second ar-
gument concerns the hydropore: if solutans were living
with their food-groove directed downwards, then their
hydropore would not be functional, because it would be
buried in the substrate (Parsley 1982, Parsley et al. 2012,
Rahman & Lintz 2012). This argument is not valid as well,
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because in several groups of both extant and extinct
echinoderms (e.g., ophiocistioids, ophiuroids), the hydro-
pore is located on the lower surface of the body, and is thus
in permanent contact with the substrate (see e.g., Spencer
& Wright 1966, Ubaghs 1966). Similarly, the third argu-
ment concerns the location of the periproct: if solutans
were oriented with their food-groove facing the substrate,
then the anal opening would be directed towards the sub-
strate in some taxa (e.g., Dehmicystis). Although such a lo-
cation of the anal opening is considered as unlikely
(Rahman & Lintz 2012, p. 67), it is observed in other
groups of free-living, epibenthic Palaeozoic echinoderms
(e.g., kirkocystid mitrates, pleurocystitid rhombiferans;
Sumrall 2000, Lefebvre 2003). Consequently, analogy
with various groups of extant and extinct echinoderms in-
dicates that the life orientation proposed by Bather (1913)
for solutans is plausible (i.e., with the food groove directed
away from the substrate). However, comparison with the
situation in various other echinoderm taxa also suggests
that the opposite life orientation cannot be ruled out on
functional arguments.

Following Miller & Gurley (1894), solutans were fre-
quently interpreted as living with their ambulacral groove
facing the substrate, thus implying a detritus-feeding mode
of life (Kolata 1973; Sprinkle 1976; Kolata et al. 1977,
Sprinkle & Kier 1987; Jefferies 1990; Daley 1992, 1995,
1996; Gil Cid et al. 1996; Rozhnov & Jefferies 1996;
Guensburg & Sprinkle 2001; Lefebvre et al. 2012). This
presumed orientation was generally supported by three
main arguments. The first one is based on a comparison
with pleurocystitid rhombiferans (Kolata 1973, Kolata et
al. 1977). Pleurocystitids were free-living, unattached de-
tritus-feeding blastozoans characterized by a reduced num-
ber of brachioles and a flattened theca (Paul 1967, 1984;
Parsley 1970; Sprinkle 1974; Brower 1999; Sumrall 2000).
In pleurocystitids, the thecal surface in contact with the
substrate is made of numerous, polygonal platelets and was
thus probably relatively flexible in life, whereas the oppo-
site thecal side is composed of fewer, larger and stouter,
tightly sutured skeletal elements. The observation of a sim-
ilar thecal pattern in some derived solutans (e.g., Girvani-
cystis, iowacystids) was thus presented as an argument
supporting a comparable, flexible thecal side-down life
orientation. However, the plate pattern observed in pleuro-
cystitids is not the rule in all echinoderms. For example, the
opposite pattern occurs in both cinctan and stylophoran
echinoderms: in both groups, the lower thecal surface is
generally more rigidly plated and made of fewer, larger
skeletal elements than the opposite, upper thecal side
(Ubaghs 1967b, 1981; Friedrich 1993; Lefebvre 2000,
2003; Smith & Zamora 2009). Consequently, the occur-
rence of a pleurocystitid-like thecal plate pattern in somes
solutans cannot be considered as an unequivocal argument
for their putative life orientation. The second main argu-
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ment supporting a downward-facing food-groove in
solutans is based on the identification of left-right asymme-
tries and putative homologies with both stylophorans and
chordates (“calcichordate theory”; Jefferies 1990, Daley
1992, Rozhnov & Jefferies 1996, Rozhnov 2002). How-
ever, all recent phylogenies based on molecular data sug-
gest that echinoderms are more closely related to
hemichordates than to chordates (Smith 2005, 2008), thus
implying that putative homologies identified by the calci-
chordate model are more likely morphological con-
vergences (David et al. 2000, Prokop & Petr 2003). More-
over, several homologies between and within echinoderm
classes implied by the calcichordate theory are probably
not valid (Philip 1979, Ubaghs 1981, Lefebvre 2000): for
example, this model implies that the aulacophore was not
homologous and oriented in opposite directions in both
cornutes and mitrates (Jefferies 1986, 1990). The third ar-
gument supporting a detritus-feeding mode of life for
solutans relies on the small size and unbranched morphol-
ogy of their single feeding appendage, both presented as in-
compatible with a putative filter-feeding function (Paul
1977, Daley 1995). However, upward-facing food-grooves
occur in various taxa of extinct, filter-feeding echinoderms
with a single, unbranched ambulacral ray (e.g., the highly
derived pleurocystitid Hillocystis, the crinoid Mono-
brachiocrinus, stylophorans; Ubaghs 1963, 1970, 1981;
Jell 1983; David et al. 2000; Lefebvre 2003; Sevastopulo
2008). Consequently, the comparison with pleurocystitids
suggests that a detritus-feeding mode of life is plausible in
solutans. However, the alternative interpretation of
solutans as filter-feeding organisms cannot be ruled out on
functional arguments.

Although both orientations are equally plausible, sev-
eral independent lines of evidence tend to suggest that the
ambulacral groove of solutans was more likely facing the
substrate (pleurocystitid-like orientation). First, the pre-
sumed life orientation of unattached, bottom-dwelling ex-
tinct echinoderms can be generally easily deduced based
on general morpho-functional principles summarized by
Thayer (1975) for marine invertebrates: in all benthic,
free-living echinoderms (e.g., asterozoans, cinctans, cteno-
cystoids, cyclocystoids, echinoids, edrioasteroids, ophio-
cistioids, stylophorans), the surface of the body in contact
with the substrate is typically flat to slightly concave,
whereas the opposite side, away from the substrate, is
generally more convex. However, such general principles
cannot be applied in the case of solutans with poorly differ-
entiated, polyplated thecal surfaces (e.g., Castericystis,
Dehmicystis, Dendrocystites, Dendrocystoides, Maennilia,
Minervaecystis, Plasiacystis, Rutroclypeus). In such taxa,
the two opposite thecal surfaces were probably relatively
flexible in life, and they generally collapsed after the death
of the organism. The original body shape is better pre-
served in the case of solutans with a more rigid theca
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Figure 10. A specimen of the ophiuroid Bohemura jahni (Jaekel, 1903) ingesting homoiostele-first, an individual of Dendrocystites sedgwicki
(Barrande, 1867); MB.E.6490a, latex cast, Zahotany Formation.

composed of fewer and/or more tightly sutured skeletal
elements (e.g., Belemnocystites, Claritacarpus, Girvani-
cystis, lowacystis, Scalenocystites). In these taxa, the
thecal side made of fewer, larger, and stouter plates is in-
variably more convex than the opposite one (Kolata 1973,
Kolata et al. 1977, Sprinkle & Kier 1987, Daley 1992). By
comparison with the situation in all other echinoderms, this
suggests that the thecal side made of fewer and larger skel-
etal elements was very likely directed upwards in life in
solutans. This orientation implies that the food-groove was
located towards the substrate, and thus a detritus-feeding
mode of life for solutans.

This interpretation is supported by two examples of
epibiontic echinoderms attached to solutans. The first one
was described in Castericystis vali, with both eocrinoids
(Marjumicystis sp.) and numerous small (juvenile) individ-
uals of C. vali preserved attached to various parts of the
body, and in particular to the dististele of large specimens
of C. vali (Ubaghs & Robison 1985, Daley 1995). How-
ever, as pointed out by Daley (1995), the distribution of
epibionts is not random in C. vali, but restricted to parts of
the body, which were presumably not in contact with the
substrate. In all observed specimens of C. vali, epibionts
are consistently attached to the same side of the theca
and/or of the dististele (see Daley 1995, pl. 76). The ob-
served distribution of epibionts on C. vali suggests that the
anal opening was located right of the homoiostele inser-
tion, and that the food-groove was facing the substrate. A
second example of epibiontic echinoderms fixed on
solutans was recently reported in the Middle Ordovician of
the Prague Basin, with a small isorophid edrioasteroid
(?Agelacrinites bohemicus) attached to a specimen of the
large solutan indet. described by Lefebvre et al. (2012).
The thecal surface on which the edrioasteroid is fixed is
more convex, and made of fewer, larger skeletal elements

than the opposite one (Lefebvre er al. 2012). This thecal
surface was presumably facing away from the substrate in
life, so as to allow the settlement of the edrioasteroid larva.
The resulting orientation (anal opening right of the
homoiostele insertion, food groove directed downwards) is
consistent with the distribution of epibionts in Casteri-
cystis, and the above-mentioned general morpho-func-
tional principles defined by Thayer (1975). It is also in
good accordance with the observed preferential orientation
of most specimens of Scalenocysites strimplei preserved in
situ, in calm, relatively deep deposits of the Dunleith For-
mation (Kolata 1973, p. 973).

Finally, a probable case of parasitic infestation was re-
ported by Rozhnov & Jefferies (1996, p. 101) in Maennilia
estonica. This interpretation is based on the observation of
two specimens showing several tiny holes opening through
thecal plates. In both individuals, location of the perfora-
tions is not random, but restricted to plates belonging to the
same side of the theca. Consequently, Rozhnov & Jefferies
(1996) concluded that the thecal surface showing evidence
of parasitic drilling was probably facing upwards in life.
However, Rozhnov & Jefferies (1996) acknowledged that
the implied life orientation of M. estonica (with the food
groove facing away from the substrate) would then be op-
posite to that of all other solutans. Similar cases of parasitic
infestation have been described in other Ordovician
echinoderms: for example, Deline (2008) reported the oc-
currence of a single drillhole on the upper thecal surface of
one specimen of the Late Ordovician mitrate Enoploura
popei. However, in most cases, traces of bioerosion occur
in internal moulds and on the lower, unexposed parts of the
body (see e.g., Bruthansova & Kraft 2003, Lefebvre 2007).
Consequently, comparison with other occurrences of para-
sitic drillholes in Ordovician echinoderms suggests that the
perforations observed in two specimens of M. estonica
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more likely occurred on the lower thecal surface. If this in-
terpretation is correct, then the resulting life orientation of
M. estonica (i.e., with the food groove facing downwards)
would be consistent with both the morpho-functional prin-
ciples of Thayer (1975), and the distribution of epibionts in
other solutans (see above). At any rate, deductions of life
habits of extinct organisms based on the location of para-
sitic drillholes on their body have to be considered ex-
tremely cautiously.

In summary, available evidence indicates that the ambu-
lacral groove of solutans was facing the substrate, thus im-
plying a detritus-feeding mode of life for these organisms.
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