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Supertree analysis is a recent exploratory method that involves the simultaneous combination of two or more charac-
ter-based source trees into a single consensus supertree. This method was recently applied by Ruta to a fossil group of
enigmatic Palaeozoic forms, the stylophoran echinoderms. Ruta’s supertree suggested that mitrates are polyphyletic and
originated from paraphyletic cornutes. Re-examination of Ruta’s data matrix strongly suggests that most source trees
were based on dubious homologies resulting from theory-laden assumptions (calcichordate model) or superficial similar-
ities (ankyroid scenario). A new supertree analysis was performed using a slightly corrected version of Ruta’s original
combined matrix; the 70% majority-rule consensus of 24,168 most parsimonious supertrees suggests that mitrates are
monophyletic and derived from paraphyletic cornutes. A second new supertree analysis was generated to test the influ-
ence of the pruning of three taxa in some calcichordate source trees; the 70% majority-rule consensus of 3,720 shortest
supertrees indicates that both cornutes and mitrates are monophyletic and derived from a Ceratocystis-like ancestor. The
two new supertree analyses demonstrate the dramatic influence of the relative contributions of each initial assumption of
plate homologies (and underlying anatomical interpretations), in original source trees, on the final topology of supertrees.
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Introduction

Supertree construction is a recent, valuable, exploratory tool
for studies of large-scale macroevolutionary patterns. Super-
trees combine the information contained in a set of smaller,
less inclusive, character-based source trees (Bininda-Emonds
and Sanderson 2001; Goloboff and Pol 2002; Pisani and
Wilkinson 2002). The most widely used technique for super-
tree construction is the Matrix Representation with Parsimony
(MRP), independently developed by Baum (1992) and Ragan
(1992). This technique consists of the transformation of each
source tree into a matrix representation (MR), reflecting both
the original topology of the tree and group membership of in-
cluded taxa (Baum 1992; Ragan 1992; Baum and Ragan 1993;
Bininda-Emonds et al. 2002; Pisani and Wilkinson 2002;
Pisani et al. 2002). Matrix elements are binary characters indi-
cating for each node of each source tree, whether a given taxon
is a member of the clade (coded as “1”) or not (coded as “0”).
Matrix representations of multiple source trees with non-iden-
tical taxon sets can be combined in a global “combined ma-
trix”, with missing entries (taxa absent in one or several source
trees) scored as “?” (Pisani and Wilkinson 2002). Parsimony
analysis of the combined matrix yields one or more most par-
simonious trees: the MRP supertrees or component-coding
supertrees (Pisani and Wilkinson 2002; Pisani et al. 2002). Ul-
timately, when several MRP supertrees are obtained, they can
be processed using the consensus method to produce an MRP
consensus supertree, which synthesises the information con-
tained in each individual source tree. Consequently, MRP
supertrees represent a relatively new, popular, and powerful
tool for reconstructing large-scale phylogenies from multiple,
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disparate, character-derived trees (Purvis 1995; Bininda-
Emonds et al. 1999; Purvis and Webster 1999; Liu et al. 2001;
Pisani and Wilkinson 2002). Recently, supertree reconstruc-
tion was also presented as one possible approach to recon-
structing phylogenies of problematic clades, such as trypano-
somatid protozoans (Stothard 2000) and stylophoran echino-
derms (Ruta 2003).

Stylophorans are a class of relatively small, enigmatic, ma-
rine calcite-plated fossils, exclusively known from the Middle
Cambrian to the upper Carboniferous (Ubaghs 1967; Derstler
1979; Kolata et al. 1991; Dominguez et al. 2002). All share the
same basic organisation, with a delicate, tripartite appendage,
inserted in a massive, flattened, asymmetrical theca (Fig. 1).
Both the appendage and the theca are made of numerous skel-
etal elements, each consisting of a single crystal of calcite,
showing the typical microstructure (stereom) of echinoderm
plates (Ubaghs 1967; Smith 1990; Cripps 1991). Conse-
quently, stylophorans exhibit some clear echinoderm-like fea-
tures. However, they also lack other characters generally con-
sidered as apomorphies of the phylum (e.g., pentameral radial
symmetry). Their unusual morphology is at the heart of a
long-lasting controversy concerning the interpretation of the
appendage, and their systematic position within deutero-
stomes (e.g., Ubaghs 1961, 1967, 1981; Jefferies 1967, 1981,
1986; Philip 1979; Chauvel 1981; Kolata and Jollie 1982;
Cripps 1991; Kolata et al. 1991; Ruta 1999a; David et al.
2000; Lefebvre 2000a, 2001, 2003a). The appendage was first
interpreted as a pelmatozoan stem, and stylophorans were
considered as primitive, aberrant echinoderms (Barrande
1887; Jaekel 1901; Bather 1913; Chauvel 1941; Caster 1952;
Philip 1979; Kolata et al. 1991; Smith 2004). Later, the ap-
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Fig. 1. Morphology of stylophorans; all reconstructions in lower aspect. A. The cornute Cothurnocystis elizae (Upper Ordovician, Scotland); redrawn and
modified from Ubaghs (1967). B. The primitive stylophoran Ceratocystis perneri (Middle Cambrian, Bohemia); redrawn from Ubaghs (1967). C. The
mitrate Chinianocarpos thorali (Lower Ordovician, Montagne Noire, France); redrawn from Jefferies (1986). Scale bars 5 mm.

pendage was compared to a chordate tail, and stylophorans
were interpreted as echinoderm-like, but primarily primitive
chordates, the “calcichordates” (Gislen 1930; Jefferies 1967,
1986; Cripps 1991; Daley 1992; Ruta and Theron 1997;
Dominguez et al. 2002). More recently, the appendage was in-
terpreted as equivalent to an ophiuroid or crinoid feeding arm,
and stylophorans were considered either as relatively primi-
tive (Ubaghs 1961, 1967; Nichols 1972; Parsley 1988), or
highly derived echinoderms (Sumrall 1997; Dzik 1999; David
et al. 2000). The systematic position of stylophorans within
deuterostomes is beyond the scope of Ruta’s supertree and of
this paper, both of which focus on phylogenetic relationships
within stylophorans. However, the three contrasting interpre-
tations have important consequences for anatomical recon-
structions, and for assumptions when determining plate homo-
logies within stylophorans.

The class Stylophora is traditionally subdivided into the
two orders Cornuta and Mitrata (Gill and Caster 1960; Ubaghs
1967, Jefferies 1967; Parsley 1988; Cripps 1991; Ruta 1999a;
Lefebvre 2001; Marti Mus 2002). Cornutes (Fig. 1A) are usu-
ally characterised by relatively rigid appendages, and asym-
metrical thecae delimited by a narrow frame of delicate mar-
ginal elements (Ubaghs 1967; Parsley 1988; Lefebvre 2001;
Marti Mus 2002). In contrast, mitrates (Fig. 1C) possessed a
highly flexible appendage and more symmetrical thecae, com-
prised of larger, more massive marginals (Ubaghs 1967; Pars-

ley 1988; Lefebvre 2001). Cornutes and mitrates have long
been considered as monophyletic groups of unknown affini-
ties to each other (Jaekel 1918; Chauvel 1941; Caster 1952), or
as sharing an unknown ancestor (Gill and Caster 1960;
Ubaghs 1967, 1969). An alternative scenario, with mitrates
deriving from paraphyletic cornutes, was proposed by Jef-
feries (1967, 1969). This phylogenetic hypothesis was essen-
tially motivated by theoretical requirements of the “calci-
chordate model”, such as the assumption of putative soft parts
inside the thecae of both cornutes and mitrates (Jefferies 1967,
1981, 1986). Similar theoretical premises obligated calcichor-
date workers to ignore clearly evident homologies within
stylophorans, such as the very similar appendages of cornutes
and mitrates, or their comparable plano-concave thecal sur-
faces (see Philip 1979; Ubaghs 1981; Chauvel 1981; Kolata et
al. 1991; Parsley 1991, 1997, 1998; Lefebvre et al. 1998; Ruta
1999a; David et al. 2000; Lefebvre 2000a, 2001, 2003a, b).
However, most authors initially followed Jefferies’ sugges-
tion, and considered mitrates to have originated from nearly
symmetrical cornutes close to Phyllocystis (Jefferies 1969),
Reticulocarpos (Jefferies and Prokop 1972; Ubaghs 1975),
Amygdalotheca (Derstler 1979), Domfrontia (Cripps 1988),
Prokopicystis (Cripps 1989a, b, 1991; Daley 1992; Woods
and Jefferies 1992; Cripps and Daley 1994), or Nanocarpus
(Ubaghs 1991). In the only, large-scale, comprehensive
cladistic analysis of stylophorans, Parsley (1997, 1998) sug-
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gested that mitrates were polyphyletic, having derived from
various groups of paraphyletic cornutes (see also Derstler
1979). Consequently, Parsley (1997, 1998) proposed to unify
all mitrates and symmetrical cornutes within the monophyletic
group Ankyroida, and to abolish the order Mitrata (see Ruta
1999b; Sumrall and Sprinkle 1999; Parsley 2000; Parsley et al.
2000). However, the monophyly of ankyroids was seriously
questioned by Lefebvre (2001), who produced a critical re-
view of Parsley’s data matrix based on a detailed discussion
on plate homologies. Finally, several recent cladistic analyses
supported the monophyly of both cornutes and mitrates, and
suggested that these two clades derived from a Cerato-
cystis-like ancestor (Lefebvre and Vizcaino 1999; Lefebvre
2000b, 2001). Ceratocystis perneri (Fig. 1B), from the Middle
Cambrian of Bohemia, is one of the oldest and most primitive
known stylophorans. In this context, Ruta (2003) performed a
species-level supertree analysis of stylophorans to investigate
internal relationships within the class. Ruta (2003: 560)
claimed that the supertree method could provide a “novel
hypothesis that is independent of any assumption of skeletal
plate homology, as well as of any anatomical orientation and
systematic position of the group”.

The aim of this paper is to show that the supertree analysis
performed by Ruta (2003) cannot be independent of assump-
tions of skeletal plate homology, and is necessarily biased by
underlying considerations on anatomical orientation and sys-
tematic position of the class.

Supertrees

Supertrees are consensus trees and, consequently, they fa-
vour groups (and topologies) that occur in most of the trees,
even if contradicted by a few source trees (Goloboff and Pol
2002; Pisani and Wilkinson 2002). The underlying idea is
that a group that is present in a large number of analyses is
better supported than one that is seldom observed (but see
Sumrall et al. 2001). In Ruta’s analysis (2003), the majority
of source trees (14 on 23, representing 52.9% of matrix ele-
ments) were produced by calcichordate workers. Other
source trees were performed following either an echinoderm
(7 trees on 23; 36.3% of matrix elements), or a “neutral” (nei-
ther calcichordate nor echinoderm) interpretation (2 trees on
23; 10.8% of matrix elements). Consequently, the resulting
consensus supertree was inevitably strongly influenced by
the most numerous source trees (and matrix elements), and
reflected mostly phylogenetic analyses and the assumptions
of calcichordate workers. In successive contributions of
calcichordate workers, thecal plate homologies were rela-
tively well-identified within each stylophoran order, but the-
oretical requirements of the model followed (e.g., homology
of the plano-concave thecal surface of cornutes with the con-
vex thecal surface of mitrates) prevented these authors to
identify interordinal plate homologies (see Kolata et al.
1991; Lefebvre et al. 1998; Ruta 1999a; Lefebvre 2000a,
2001, 2003a; Marti Mus 2002). As a consequence, all calci-
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chordate source trees including both cornutes and mitrates
are based on a biased scheme of thecal plate homologies, re-
sulting more from theory-laden considerations than from
direct and descriptive anatomical comparisons (9 trees on 23;
40.9% of matrix elements).

Another consequence of the presence of a majority of
calcichordate source trees is that their implied topology, with
mitrates deriving from paraphyletic cornutes, will strongly af-
fect the resulting topology of Ruta’s consensus supertree
(2003). In the calcichordate scenario, mitrates must derive
from paraphyletic cornutes, not because of the observation of
transitional forms, but because of the obligatory reconstruc-
tion of hypothetical “soft parts” inside the stylophoran theca
(see Jefferies 1967, 1981, 1986; Jefferies and Lewis 1978;
Cripps 1991; Cripps and Daley 1994). As pointed out by
Cripps (1991: 345): “[...] a consequence of this procedure is
that it denied a priori the possibility of cornute monophyly.”
Paraphyly of cornutes is also strongly supported in the two
“ankyroid” source trees based on the phylogenetic analysis of
Parsley (1997). Consequently, in Ruta’s analysis (2003), most
source trees support the paraphyly of cornutes (11 trees on 23,
representing 60.4% of matrix elements), several source trees
are “neutral” (focusing only on cornutes or on mitrates; 9 trees
on 23; 30.6% of matrix elements), and very few support the
monophyly of both cornutes and mitrates (3 trees on 23; 9% of
matrix elements). Hence, the original source trees available for
supertree construction by Ruta (2003) were strongly domi-
nated by scenarios supporting the paraphyly of cornutes. This
bias was artificially strengthened by Ruta (2003), who re-
analysed using PAUP three large data sets, all supporting the
paraphyly of cornutes, but originally processed with a differ-
ent program (Cripps 1991; Daley 1992; Parsley 1997). In
Ruta’s supertree construction (2003), the topologies of these
three source original trees, as well as their very similar new
PAUP versions, were both included in the combined matrix.

Problems with MRD supertrees have been pointed out sev-
eral times, and concern mostly differences in size, shape (to-
pology), and overlap between the different source trees
(Purvis 1995; Bininda-Emonds and Bryant 1998; Bininda-
Emonds et al. 1999; Bininda-Emonds and Sanderson 2001;
Goloboff and Pol 2002; Pisani and Wilkinson 2002). Simula-
tions suggest that biases induced by differences in size and
shape between source trees would apparently be negligible
compared to those due to a weak overlap between source data
(Bininda-Emonds and Sanderson 2001; Goloboff and Pol
2002). However, simulations also suggest that accuracy of
supertrees could be greatly enhanced by the inclusion of one
relatively large and comprehensive source study (Bininda-
Emonds and Sanderson 2001). Stylophoran source trees used
by Ruta (2003) are largely non-overlapping, most of them fo-
cusing exclusively on cornutes (e.g., Jefferies et al. 1987;
Cripps 1991; Daley 1992; Cripps and Daley 1994; Marti Mus
2002), or on mitrocystitid mitrates (e.g., Cripps 1990; Beiss-
wenger 1994; Ruta and Theron 1997; Ruta and Jell 1999; Ruta
1999c; Lefebvre 2000b). Consequently, the phylogenetic
analysis of Parsley (1997), which provides one relatively com-

http://app.pan.pl/acta50/app50-477 .pdf



480

plete, large source tree including most stylophoran taxa (42
species on the 78 used in the supertree), certainly played a key
role in the final topology of the supertree. However, as pointed
out by Lefebvre (2001; see also comments in Ruta 1999b), the
phylogenetic analysis of Parsley (1997) relies more on super-
ficial similarities (symmetrical or asymmetrical aspects of
thecae, number and/or function of some skeletal elements),
rather than on rigorously established plate homologies. Conse-
quently, the resulting tree of Parsley (1997) represents more a
kind of phenogram (taxa grouped following similarities in
shape), than an actual cladogram (groupings based on shared
derived characters).

Most source trees included in Ruta’s supertree (2003)
were based on dubious and/or disputable plate homologies
(ankyroid and calcichordate scenarios) supporting the same
phylogenetic scenario (mitrates deriving from paraphyletic
cornutes). The supertree being a consensus of the informa-
tion included in the various source trees, the results obtained
by Ruta (2003) are thus hardly surprising. The global topol-
ogy of Ruta’s consensus supertree (2003: fig. 2) is strongly
influenced by the single comprehensive analysis of
stylophorans (Parsley 1997; 2 trees on 23; 19.5% of matrix
elements): (1) mitrates are polyphyletic and derive from
paraphyletic cornutes; (2) Chinianocarpos is more closely
related to peltocystids than to mitrocystitids; (3) peltocystids
derive from a Beryllia-like cornute; (4) Lagynocystis is a de-
rived anomalocystitid, closely related to Diamphidiocystis;
and (5) mitrocystitids derive from a Nanocarpus-like
cornute. Intra-ordinal relationships are more influenced by
some smaller comprehensive studies focusing either on
cornutes, or on mitrates. For example, the sister-group rela-
tionship between chauvelicystine and phyllocystine cornutes
reflects the extensive works of calcichordate workers (Cripps
1988, 1991; Daley 1992; Cripps and Daley 1994). Mono-
phyly of scotiaecystine cornutes is supported by several
source trees (Cripps 1988, 1991; Daley 1992; Parsley 1997;
Marti Mus 2002). Finally, the topology of anomalocystitid
mitrates in the supertree of Ruta (2003) largely reflects the
single comprehensive phylogenetic analysis focusing on this
group (Ruta 1999c; see also Ruta and Jell 1999).

The basic assumption of supertree reconstruction (a group
present in a large number of analyses is better supported than
one that is seldom observed) is probably not correct in the case
of stylophorans (see also discussion in Sumrall et al. 2001).
The resulting topology, with mitrates deriving from para-
phyletic cornutes, is based both on a theory-laden scenario ig-
noring thecal plate homologies between the two orders (calci-
chordate theory), and on the single comprehensive study of the
group, focusing more on superficial similarities, rather than on
homologies (Parsley 1997). Two consensus supertrees will be
elaborated below, so as to demonstrate that the one produced
by Ruta (2003) is strongly biased by initial assumptions about
skeletal plate homologies, and by underlying theories on the
anatomy and systematic position of stylophorans (chordates or
echinoderms). The first supertree corresponds to a slightly
modified version of Ruta’s original one (2003). The main dif-
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ferences stem only from the correction of some mistakes in the
original data set, a few changes in source trees, and the sup-
pression of reprocessed versions (using PAUP) of the three
analyses reported twice in Ruta’s combined matrix (Cripps
1991; Daley 1992; Parsley 1997). The second supertree is
constructed using the same source data as the first, with one
significant difference. In most calcichordate source trees, the
order Mitrata was placed arbitrarily as a terminal operational
unit, so as to determine derived character states (Jefferies et al.
1987; Cripps 1988, 1989b, 1991; Daley 1992; Cripps and
Daley 1994). For the construction of his supertree, Ruta
(2003) replaced the group Mitrata by the basalmost members
of the three main mitrate suborders: Chinianocarpos thorali
(mitrocystitids), Lagynocystis pyramilis (lagynocystids), and
Peltocystis cornuta (peltocystids). The choice of these three
taxa can be disputed (Chinianocarpos is a basal peltocystid
following the phylogenetic analysis of Parsley 1997), and,
more importantly, brings strong support to the calcichordate
scenario, implying that mitrates derived a priori from para-
phyletic cornutes (see Cripps 1991). In the construction of the
second supertree, designed to test tree topologies actually
based on observation and not on theoretical assumptions, the
three mitrates Chinianocarpos, Lagynocystis, and Peltocystis
were pruned from all calcichordate source trees focusing on
cornutes.

Materials and methods.—The original combined matrix of
Ruta (2003), available at http/www.app.pan.pl/acta48/app.
559-matrix.rtf, was downloaded and matrix representations of
each source tree were checked. Each source tree was replotted
using PAUP from its matrix representation, and both its topol-
ogy and included taxa were compared with those of the corre-
sponding original analysis. Very few mistakes and/or prob-
lems were detected during the comparison of the original trees
with their matrix representations. For example, the cornute
Ponticulocarpus robisoni, which is mentioned as “Spence
Shale cornute” (see Sumrall and Sprinkle 1999) in the original
analysis of Parsley (1997), was not scored in the two corre-
sponding matrix representations of Ruta (2003). Other differ-
ences concern the matrix representation of the unpublished
analysis of Lee et al. (in press), which includes Anatifopsis
barrandei, anew peltocystidan, and Cothurnocystis elizae, in-
stead of A. trapeziiformis, A. cocaban, and C. fellinensis, re-
spectively (see also Lefebvre et al. 2005). Almost all tree to-
pologies reconstructed from matrix representations were
found to be equivalent to the original ones, with the exception
of the MR corresponding to the analysis of Cripps (1989a).
Topology and included taxa for this matrix representation do
not match any of the various trees produced by Cripps (1989a:
fig. 23, 1989b: fig. 25). Consequently, this matrix representa-
tion was deleted from the combined matrix, and replaced by a
new matrix representation elaborated from Cripps (1989b: fig.
25). The tree topology reconstructed from the matrix represen-
tation of the analysis of Ruta (1999c) is relatively close to, but
definitely different from, any of his various original trees. In
this case, differences probably result from the fact that Ruta
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(2003) elaborated his matrix representation from an unpub-
lished strict consensus tree of his analysis, rather than from
any of his published trees, corresponding to the three most par-
simonious solutions (Ruta 1999c: fig. 13, appendix 3), and to a
50% majority-rule consensus tree (Ruta 1999c: fig. 14a). To-
pologies derived from strict consensus trees were also pre-
ferred by Ruta (2003) to elaborate the matrix representations
of the analyses performed by Cripps (1991) and Lefebvre
(2001). Considering that all source trees included in Ruta’s
analysis (2003) were not necessarily strict consensus trees
(e.g., Jefferies et al. 1987; Cripps 1990; Woods and Jefferies
1992; Beisswenger 1994; Ruta and Theron 1997; Lefebvre
and Vizcaino 1999), the matrix representations of the strict
consensus trees of Cripps (1991) and Lefebvre (2001) were re-
placed in the combined matrix by the original, more informa-
tive corresponding trees figured by Cripps (1991: fig. 15; tree
resulting from the successive weighting procedure), and Le-
febvre (2001: fig. 22; 50% majority-rule consensus tree). Fi-
nally, so as to avoid redundant information, matrix elements
corresponding to the analyses of Cripps (1991), Daley (1992),
and Parsley (1997), re-generated by Ruta (2003), were dele-
ted. Only matrix representations corresponding to original
source trees have been preserved in the combined matrix.

The resulting combined matrix (A) comprises 78 stylo-
phoran species (one more than in Ruta’s (2003) original data
set: Anatifopsis trapeziiformis), scored for 319 matrix ele-
ments (including 20 uninformative characters). The com-
bined matrix A synthetises the information extracted from 20
original source trees, including 8§ analyses (51.5% of infor-
mative matrix elements) supporting the paraphyly of cor-
nutes (Jefferies et al. 1987: fig. 26; Cripps 1988: figs.16, 17;
Cripps 1989b: fig. 25; Cripps 1991: fig. 15; Daley 1992: fig.
15; Woods and Jefferies 1992: fig. 12; Cripps and Daley
1994: fig. 12; Parsley 1997: fig. 6), and three source data
trees (13.4% of informative matrix elements) in favour of the
monophyly of cornutes (Lefebvre and Vizcaino 1999: fig.
27; Lefebvre 2000b: fig. 12; Lefebvre 2001: fig. 22). Several
source trees are “neutral” (9 trees on 20; 35.1% of matrix ele-
ments), and focus exclusively on phylogenetic relationships
within cornutes (Cripps and Daley1994: fig. 16; Marti Mus
2002: fig. 11), or within mitrates (Cripps 1990: figs. 20, 22;
Beisswenger 1994: fig. 9; Ruta 1997: fig. 9; Ruta and Theron
1997: figs. 23-25; Ruta and Jell 1999: fig. 15; Ruta 1999c:
unpublished strict consensus tree; Lee et al. in press). A first
parsimony analysis was performed using PAUP* (Swofford
2002) on combined matrix A. This matrix was exclusively
based on original source trees available.

A second parsimony analysis was generated using a mod-
ified version of combined matrix A. Modifications concern
the pruning of the three mitrate taxa Chinianocarpos, La-
gynocystis, and Peltocystis in all calcichordate source analy-
ses focusing on cornute phylogeny (see above). This deletion
was made so as to eradicate the a priori paraphyly of this or-
der, implied by the calcichordate model (Cripps 1991). The
second combined matrix (B) comprises 78 stylophoran spe-
cies, coded for 319 matrix elements (including 27 uninfor-
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mative characters). In combined matrix B, “neutral” source
trees are the most numerous (16 trees on 20; 71.3% of infor-
mative matrix characters), and focus exclusively on phylo-
genetic relationships within cornutes (Jefferies et al. 1987,
Cripps 1988, 1989b, 1991; Daley 1992; Woods and Jefferies
1992; Cripps and Daley 1994; Marti Mus 2002) or within
mitrates (Cripps 1990; Beisswenger 1994; Ruta 1997, 1999c;
Ruta and Theron 1997; Ruta and Jell 1999; Lee et al. in
press). Source data supporting either the paraphyly of cor-
nutes (Parsley 1997), or their monophyly (Lefebvre and
Vizcaino 1999; Lefebvre 2000b, 2001) are represented by
relatively comparable proportions of matrix elements in
combined matrix B, 14.7% and 14% respectively. A second
parsimony analysis was performed, using PAUP* (Swofford
2002) on combined matrix B.

Results and discussion.—Parsimony analysis of combined
matrix A yielded 24,168 equally parsimonious shortest MRP
supertrees at 403 steps (C.I. = 0.742, excluding uninforma-
tive characters; R.I. = 0.920; R.C. = 0.683). From these
equally shortest solutions, a 70% majority-rule MRP consen-
sus supertree A was derived (Fig. 2). Topology of the corre-
sponding strict consensus tree is quite similar and is not illus-
trated here (it can be easily deduced by collapsing all more
weakly supported nodes). A 70% majority-rule MRP con-
sensus supertree is used here to express in more detail the re-
sults of the phylogenetic exploration. The main differences
between the 70% majority-rule consensus supertree A and
the strict consensus tree concern: (1) the possible monophyly
of the clade uniting three derived cornutes (Beryllia miranda,
Lyricocarpus courtessolei, and Reticulocarpos hanusi); (2)
within peltocystid mitrates, the possible monophyly of the
clade (Anatifopsis trapeziiformis + Balanocystites primus);
(3) the sister-group relationship between the cornute Nano-
carpus dolambii and mitrates; and (4) the basal position of
Lagynocystis pyramidalis within mitrates. Consequently, to-
pology of consensus supertree A is relatively well-resolved
(Fig. 2), and it is comparable in many respects to the consen-
sus supertree generated by Ruta (2003: fig. 2). This topology
results from the relatively similar combined matrices used in
the two analyses. As in Ruta’s analysis (2003), consensus
supertree A shows mitrates deriving from paraphyletic
cornutes. This first result is hardly surprising, given the large
proportion of matrix elements supporting this scenario
(51.5%), compared to those in favour of cornute monophyly
(13.4%). Several clades outlined in the supertree of Ruta
(2003) are confirmed in this new analysis, and reflect the in-
fluence of one or several source trees: the scotiaecystine
cornutes (Cripps 1988, 1991; Daley 1992; Marti Mus 2002),
the clade uniting phyllocystines and chauvelicystines
(Cripps 1988, 1991; Daley 1992; Cripps and Daley 1994),
the clade uniting Chinianocarpos and peltocystids (Parsley
1997), the two clades formed by austral and boreal anomalo-
cystitids (Ruta and Theron 1997; Ruta 1999c¢; Ruta and Jell
1999). However, consensus supertree A (Fig. 2 herein)
shows also some significant discrepancies with Ruta’s super-
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Fig. 2. 70% majority-rule consensus supertree A for stylophorans. See text for details.
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tree (2003). One of the most striking differences concerns
mitrates: they form a relatively well supported monophyletic
group in supertree A, whereas they were polyphyletic in the
consensus supertree of Ruta (2003: fig. 2). This difference
probably results from the contrasted proportions of matrix el-
ements related to the ankyroid scenario of Parsley (1997) in
the two analyses: 19.5%, in the combined matrix of Ruta
(2003), and 13.5% in combined matrix A. Following the
ankyroid scenario, mitrates were polyphyletic and derived
from paraphyletic cornutes (Parsley 1997, 1998). Conse-
quently, the topology of consensus supertree A appears as
more influenced by calcichordate source trees supporting
both paraphyly of cornutes and monophyly of mitrates
(7 trees on 20, representing 37.5% of matrix elements). An-
other significant difference with Ruta’s (2003) supertree
concerns the position of Lagynocystis as basalmost mitrate,
and sister-group of the clade uniting peltocystids and mitro-
cystitids (Fig. 2). A basal position of Lagynocystis is only
supported in three small echinoderm source analyses
(Lefebvre and Vizcaino 1999; Lefebvre 2000b, 2001), and is
thus probably induced by the coding of Lagynocystis as one
of the three basalmost mitrates by Ruta (2003: 563) in all
calcichordate source trees dealing with cornutes. In the con-
sensus supertree of Ruta (2003), Lagynocystis was a highly
derived mitrocystitid mitrate, closely related to Diamphidio-
cystis: this phylogenetic position of Lagynocystis was
strongly influenced by the analysis of Parsley (1997). Other
differences from the supertree generated by Ruta (2003) con-
cern phylogenetic relationships within cornutes. For exam-
ple, in Ruta’s supertree (2003), the three species of the genus
Hanusia form a large polytomy with several other cornutes,
whereas they constitute here a well defined clade (Fig. 2).
This difference certainly results from the recoding of the
original source tree of Cripps (1989b). Some other differ-
ences concern: (1) cothurnocystines, which form a much
better defined clade than in Ruta’s (2003) supertree; (2) the
more basal position of Ponticulocarpus within chauveli-
cystines, as suggested by Marti Mus (2002); and (3) the
placement of Archaeocothurnus as sister-group of scotiae-
cystines, following Cripps (1991), rather than as sister-group
of cothurnocystines, as suggested by Parsley (1997).
Parsimony analysis of combined matrix B yielded 3,720
equally parsimonious shortest MRP supertrees at 379 steps
(C.I. = 0.752, excluding uninformative characters; R.I. =
0.922; R.C. = 0.693). From these equally shortest solutions, a
70% majority-rule MRP consensus supertree B was derived
(Fig. 3). The topology of the corresponding strict consensus
tree (not illustrated here) differs from that of supertree B in: (1)
less resolution within peltocystid mitrates (absence of the
clade uniting Anatifopsis trapeziiformis with Balanocystites
primus), and (2) a large polytomy within basalmost mitro-
cystitid mitrates. Consensus supertree B is relatively well
resolved, and its global topology is clearly distinct from those
of both Ruta’s (2003: fig. 2) supertree, and consensus super-
tree A (Fig. 2). Contrary to the two other supertrees, supertree
B suggests that both cornutes and mitrates constitute
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monophyletic groups. This result is the direct consequence of
the pruning of the three mitrate taxa Chinianocarpos, Lagyno-
cystis, and Peltocystis, placed as terminal operational taxo-
nomic units in all calcichordate source trees focusing on
cornutes, and implying a priori the paraphyly of this
stylophoran order (Cripps 1991). Supertree B (Fig. 3 herein)
clearly demonstrates that the simple deletion of three taxa in
some calcichordate source trees has dramatic consequences on
the global topology of stylophoran phylogeny. This example
shows that supertree topology can be drastically influenced by
contrasting criteria of plate homologies, themselves related to
acceptance of particular anatomical interpretations. Contrary
to the situation in the two other supertrees, the combined ma-
trix B contains comparable proportions of matrix elements
supporting the two rival hypotheses of cornute paraphyly
(14.7% of informative characters), and monophyly (14% of
informative characters). However, the three small source trees
supporting cornute monophyly (Lefebvre and Vizcaino 1999;
Lefebvre 2000b, 2001) apparently influenced more the global
tree topology than the single, large analysis in favour of
cornute paraphyly (Parsley 1997). Other differences from
Ruta’s supertree (2003) and supertree A (Fig. 2) concern
phylogenetic relationships within mitrates. In supertree B,
peltocystids are the sister-group of a clade uniting Lagyno-
cystis and mitrocystitids, and Lobocarpus appears as the
basalmost mitrate (Fig. 3). In the two other supertrees,
Lobocarpus occurs in a large polytomy within “mitrate-like”
cornutes (Fig. 2; see Ruta 2003). Its position as basal mitrate
reflects the phylogenetic analysis of Lefebvre (2000b). Within
cornutes, amygdalothecids (sensu Lefebvre and Vizcaino
1999) form a relatively well defined clade, deriving from
paraphyletic cothurnocystids (Fig. 3). However, topology of
supertree B also resembles in many respects the situation in
both Ruta’s supertree (2003) and supertree A. Within mitrates,
topologies are remarkably comparable in the three supertrees,
as far as peltocystids (with Chinianocarpos as sister-group),
and mitrocystitids (with the two well defined clades of austral
and boreal anomalocystitids) are concerned. Within cornutes,
cothurnocystids comprise the same three main monophyletic
groups in supertree B as in supertree A: (1) cothurnocystines;
(2) the clade uniting chauvelicystines and phyllocystines; and
(3) scotiaecystines. This cornute topology is mostly influ-
enced by the numerous and comprehensive studies made
by calcichordate workers (Cripps 1988, 1991; Daley 1992;
Cripps and Daley 1994). However, both the position of
scotiaecystines as sister-group of amygdalothecids and the
placement of Arauricystis occitana out of cothurnocystines
more likely reflect the phylogenetic analysis of Marti Mus
(2002; see also Daley 1992 for scotiaecystines).

Conclusions

Supertree analyses undoubtedly constitute a very powerful
and useful tool to synthesise, in a single tree, very disparate
data dispersed within several smaller, less inclusive analyses.
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However, this consensus method relies on the hypothesis that
the more frequently a topology is observed in the source data,
the more probable it is that this topology is correct. This study
shows that this basic assumption is not true for stylophorans:
most available phylogenetic analyses are based either on erro-
neous homologies (calcichordate model), or on superficial
similarities (ankyroid scenario). Consequently, Ruta’s (2003)
supertree analysis, which mostly reflects calcichordate and
ankyroid source data, appears as a poorly grounded attempt to
generate a full stylophoran phylogeny. The prerequisite for a
meaningful supertree analysis of stylophorans would probably
consist in taking into account only source trees based on a
sound model of thecal plate homologies.

The present study also demonstrates that contrasting
supertree topologies can be obtained with relatively small
changes in the relative proportions of matrix elements sup-
porting the various anatomical and/or homology models:
polyphyletic mitrates deriving from paraphyletic cornutes
(Ruta 2003: fig. 2), monophyletic mitrates deriving from
paraphyletic cornutes (supertree A, Fig. 2), or cornutes and
mitrates both monophyletic, and deriving from a Cerato-
cystis-like ancestor (supertree B, Fig. 3). Ruta’s claim (2003:
560) that supertree analysis provided for stylophorans “[...]
a novel hypothesis that is independent of any assumption of
skeletal plate homology, as well as of any anatomical orien-
tation and systematic position of the group [...]” is thus falsi-
fied. All calcichordate source trees are based on erroneous
plate homologies, implied by incorrect respective anatomical
orientations of cornutes and mitrates, resulting from their
supposed systematic position (interpretation as primitive
chordates).

Acknowledgements

This paper is a contribution to the team “Macroévolution et dynamique
de la biodiversité”, UMR CNRS 5561 Biogéosciences (Université de
Bourgogne, Dijon). The author thanks Gunther Eble (UMR Biogéo-
sciences, Dijon, France), Monica Marti Mus (Universidad de Extrema-
dura, Badajoz, Spain), Pascal Neige (UMR Biogéosciences, Dijon,
France), Andrew Smith (Natural History Museum, London, United
Kingdom), and Colin Sumrall (University of Tennessee, Knoxville,
USA) for their very helpful and constructive remarks, Gilles Escarguel
(UMR PEPS, Villeurbanne, France) for stimulating discussions on
supertrees, and Myriam Lefebvre (Lyon, France) for her kind assis-
tance during the preparation of the MS.

References

Barrande, J. 1887. Systeme Silurien du centre de la Bohéme. Volume 7.
Classe des Echinodermes, ordre des Cystidées.233 pp. Rivnac, Prague.

Bather, F.A. 1913. Caradocian Cystidea from Girvan. Transactions of the
Royal Society of Edinburgh 49: 359-529.

Baum, B.R. 1992. Combining trees as a way of combining data sets for
phylogenetic inference, and the desirability of combining gene trees.
Taxon 41: 637-640.

Baum, B.R. and Ragan, M. 1993. Reply to A.G. Rodrigo’s ““A comment on
Baum’s method for combining phylogenetic trees”. Taxon 42: 637-640.

485

Beisswenger, M. 1994. A calcichordate interpretation of the new mitrate
Eumitrocystella savilli from the Ordovician of Morocco. Paldontolo-
gische Zeitschrift 68: 443-462.

Bininda-Emonds, O.R.P. and Bryant, H.N. 1998. Properties of matrix repre-
sentation with parsimony analyses. Systematic Biology 47: 497-508.

Bininda-Emonds, O.R.P. and Sanderson, M.J. 2001. Assessment of the ac-
curacy of matrix representation with parsimony analysis supertree con-
struction. Systematic Biology 50: 565-579.

Bininda-Emonds, O.R.P., Gittleman, J.L., and Purvis, A. 1999. Building large
trees by combining phylogenetic information: a complete phylogeny of
the extant Carnivora (Mammalia). Biological Reviews 74: 143-175.

Bininda-Emonds, O.R.P., Gittleman, J.L., and Steel, M.A. 2002. The (super)
tree of life: procedures, problems, and prospects. Annual Reviews of Ecol-
ogy and Systematics 33: 265-289.

Caster, K.E. 1952. Concerning Enoploura of the Upper Ordovician and its
relation to other carpoid Echinodermata. Bulletins of American Paleon-
tology 34: 5-47.

Chauvel, J. 1941. Recherches sur les cystoides et les carpoides armoricains.
Mémoires de la Société géologique et minéralogique de Bretagne 5:
12-86.

Chauvel, J. 1981. Etude critique de quelques échinodermes stylophores du
Massif armoricain. Bulletin de la Société géologique et minéralogique
de Bretagne C 13: 67-101.

Cripps, A.P. 1988. A new species of stem-group chordate from the Upper
Ordovician of Northern Ireland. Palaeontology 31: 1053-1077.

Cripps, A.P. 1989a. A new stem-group chordate (Cornuta) from the Llandeilo
of Czechoslovakia and the cornute-mitrate transition. Zoological Journal
of the Linnean Society 96: 49-85.

Cripps, A.P. 1989b. A new genus of stem chordate (Cornuta) from the
Lower and Middle Ordovician of Czechoslovakia and the origin of bi-
lateral symmetry in the chordates. Geobios 22: 215-245.

Cripps, A.P. 1990. A new stem-craniate from the Ordovician of Morocco
and the search for the sister group of the Craniata. Zoological Journal of
the Linnean Socierty 100: 27-71.

Cripps, A.P. 1991. A cladistic analysis of the cornutes (stem chordates).
Zoological Journal of the Linnean Socierty 102: 333-366.

Cripps, A.P. and Daley, P.E.J. 1994. Two cornutes from the Middle Ordovi-
cian (Llandeilo) of Normandy, France, and a reinterpretation of Miloni-
cystis kerfornei. Palaeontographica A 232: 99-132.

Daley, P.E.J. 1992. Two new cornutes from the Lower Ordovician of Shrop-
shire and southern France. Palaeontology 35: 127-148.

David, B., Lefebvre, B., Mooi, R., and Parsley, R. 2000. Are homalozoans
echinoderms? An answer from the extraxial-axial theory. Paleobiology
26: 529-555.

Derstler, K. 1979. Biogeography of the stylophoran carpoids (Echino-
dermata). /n: J. Gray and A.J. Boucot (eds.), Historical Biogeography,
Plate Tectonics and the Changing Environment, 91-104. Oregon State
University Press, Cornvallis.

Dominguez, P., Jacobson, A.G., and Jefferies, R.P.S. 2002. Paired gill slits
in a fossil with a calcite skeleton. Nature 417: 841-844.

Dzik, J. 1999. Evolutionary origin of asymmetry in early metazoan animals.
In: G. Palyi, C. Zucchi, and L. Caglioti (eds.), Advances in Biochirality,
153-190. Elsevier Science S.A., Amsterdam.

Gill, E.D. and Caster, K.E. 1960. Carpoid echinoderms from the Silurian
and Devonian of Australia. Bulletins of American Paleontology 41:
5-71.

Gislen, T. 1930. Affinities between the Echinodermata, Enteropneusta and
Chordonia. Zoologiska Bidrag fran Uppsala 12: 199-304.

Goloboff, P.A. and Pol, D. 2002. Semi-strict supertrees. Cladistics 18:
514-525.

Jaekel, O. 1901. Uber Carpoideen; eine neue Klasse von Pelmatozoen.
Zeitschrift der deutschen geologischen Gesellschaft 52: 661-677.
Jaekel, O. 1918. Phylogenie und System der Pelmatozoen. Paldontolo-

gische Zeitschrift 3: 11-28.

Jefferies, R.P.S. 1967. Some fossil chordates with echinoderm affinities.
Symposium of the Zoological Society of London 20: 163-208.

Jefferies, R.P.S. 1969. Ceratocystis perneri Jackel—a Middle Cambrian
chordate with echinoderm affinities. Palaeontology 12: 494-535.

http://app.pan.pl/acta50/app50-477 .pdf



486

Jefferies, R.P.S. 1981. In defence of the calcichordates. Zoological Journal
of the Linnean Society 73: 351-396.

Jefferies, R.P.S. 1986. The Ancestry of the Vertebrates. 376 pp. British Mu-
seum, Natural History, London.

Jefferies, R.P.S. and Lewis, D.N. 1978. The English Silurian fossil Placo-
cystites forbesianus and the ancestry of the vertebrates. Philosophical
Transactions of the Royal Society B 282: 205-323.

Jefferies, R.P.S. and Prokop, R.J. 1972. A new calcichordate from the Ordo-
vician of Bohemia and its anatomy, adaptations and relationships. Bio-
logical Journal of the Linnean Society 4: 69—-115.

Jefferies, R.P.S., Lewis, M., and Donovan, S.K. 1987. Protocystites mene-
vensis—a stem-group chordate (Cornuta) from the Middle Cambrian of
South Wales. Palaeontology 30: 429—484.

Kolata, D.R. and Jollie, M. 1982. Anomalocystitid mitrates (Stylophora-
Echinodermata) from the Champlainian (Middle Ordovician) Gutten-
berg Formation of the Upper Mississipi Valley Region. Journal of Pale-
ontology 56: 631-653.

Kolata, D.R., Frest, T.J., and Mapes, R.H. 1991. The youngest carpoid: oc-
currence, affinities and life mode of a Pennsylvanian (Morrowan)
mitrate from Oklahoma. Journal of Paleontology 65: 844—855.

Lee, S.B., Lefebvre, B., and Choi, D.K. (in press). Tremadocian stylophoran
echinoderms from the Taebaeksan basin, Korea. Journal of Paleontology.

Lefebvre, B. 2000a. Homologies in Stylophora: a test of the “calcichordate
theory”. Geobios 33: 359-364.

Lefebvre, B. 2000b. A new mitrate (Echinodermata, Stylophora) from the
Tremadoc of Shropshire (England) and the origin of the Mitrocystitida.
Journal of Paleontology 74: 890-905.

Lefebvre, B. 2001. A critical comment on ‘ankyroids’ (Echinodermata,
Stylophora). Geobios 34: 597-627.

Lefebvre, B. 2003a. Stephen J. Gould, les mitrates et les monstres. Comptes
Rendus Palevol 2: 509-522.

Lefebvre, B. 2003b. Functional morphology of stylophoran echinoderms.
Palaeontology 46: 511-555.

Lefebvre, B. and Vizcaino, D. 1999. New Ordovician cornutes (Echino-
dermata, Stylophora) from Montagne Noire and Brittany (France) and a
revision of the Order Cornuta Jaekel 1901. Geobios 32: 421-458.

Lefebvre, B., Rachebceuf, P., and David, B. 1998. Homologies in stylo-
phoran echinoderms. /n: R. Mooi and M. Telford (eds.), Echinoderms:
San Francisco, 103—109. Balkema, Rotterdam.

Lefebvre, B., Seung-Bae Lee, and Duck K. Choi. 2005. A case of inappro-
priate use of unpublished data in a scientific publication. Acta Palaeon-
tologica Polonica 50 (3): 632.

Liu, F.G.R., Miyamoto, M.M., Freire, N.P., Ong, P.Q., Tennant, M.R.,
Young, T.S., and Gugel, K.F. 2001. Molecular and morphological
supertrees for eutherian (placental) mammals. Science 291: 1786—1789.

Marti Mus, M. 2002. The Ordovician cornute Flabellicystis rushtonin. gen.
n. sp. (Stylophora, Echinodermata) and its phylogenetic position within
the group Cornuta. Paldontologische Zeitschrift 76: 99—-116.

Nichols, D. 1972. The water-vascular system in living and fossil echino-
derms. Palaeontology 15: 519-538.

Parsley, R.L. 1988. Feeding and respiratory strategies in Stylophora. In:
C.R.C. Paul and A.B. Smith (eds.), Echinoderm Phylogeny and Evolu-
tionary Biology, 347-361. Clarendon Press, Oxford.

Parsley, R.L. 1991. Review of selected North American mitrate stylo-
phorans (Homalozoa: Echinodermata). Bulletins of American Paleon-
tology 100: 5-57.

Parsley, R.L. 1997. The echinoderm classes Stylophora and Homoiostelea:
non Calcichordata. Paleontological Society Papers 3: 225-248.

Parsley, R.L. 1998. Taxonomic revision of the Stylophora. In: R. Mooi and
M. Telford (eds.), Echinoderms: San Francisco, 111-117. Balkema,
Rotterdam.

Parsley, R.L. 2000. Morphological and paleoecological analysis of the Or-
dovician ankyroid Lagynocystis (Stylophora: Echinodermata). Journal
of Paleontology 74: 254-262

Parsley, R.L., Prokop, R.J., and Derstler, K. 2000. Kirkocystid ankyroids
(Stylophora: Echinodermata) from the Sarka Formation (Ordovician) of
Bohemia. Vestnik Ceského geologického tistavu 75: 37-47.

Philip, G.M. 1979. Carpoids—echinoderms or chordates? Biological Re-
views 54: 439-471.

ACTA PALAEONTOLOGICA POLONICA 50 (3), 2005

Pisani, D. and Wilkinson, M. 2002. Matrix representation with parsimony, tax-
onomic congruence, and total evidence. Systematic Biology 51: 151-155.

Pisani, D., Yates, A.M., Langer, M.C., and Benton, M.J. 2002. A ge-
nus-level supertree of the Dinosauria. Proceedings of the Royal Society
of London B 269: 915-921.

Purvis, A. 1995. A composite estimate of primate phylogeny. Philosophical
Transactions of the Royal Society, London B 348: 405-421.

Purvis, A. and Webster, A.J. 1999. Phylogenetically independent compari-
sons and primate phylogeny. /n: P.C. Lee (ed.), Comparative Primate
Socioecology, 44—70. Cambridge University Press, Cambridge.

Ragan, M.A. 1992. Phylogenetic inference based on matrix representation
of trees. Molecular Phylogenetics and Evolution 1: 51-58.

Ruta, M. 1997. A new mitrate from the Lower Ordovician of southern
France. Palaeontology 40: 363-383.

Ruta, M. 1999a. Brief review of the stylophoran debate. Evolution & Devel-
opment 1: 123-135.

Ruta, M. 1999b. A new stylophoran echinoderm, Juliaecarpus milnerorum,
from the Late Ordovician Upper Ktaoua Formation of Morocco. Bulle-
tin of the Natural History Museum, London (Geology) 55: 47-79.

Ruta, M. 1999c. A cladistic analysis of the anomalocystitid mitrates. Zoo-
logical Journal of the Linnean Society 127: 345-421.

Ruta, M. 2003. A species-level supertree for stylophoran echinoderms. Acta
Palaeontologica Polonica 48: 559-568.

Ruta, M. and Jell, P.A. 1999. Protocytidium gen. nov., a new anomalo-
cystitid mitrate from the Victorian Latest Ordovician and evolution of
the Allanicytidiidae. Memoirs of the Queensland Museum 43: 353-376.

Ruta, M. and Theron, J.N. 1997. Two Devonian mitrates from South Africa.
Palaeontology 40: 201-243.

Smith, A.B. 1990. Biomineralization in echinoderms. In: J.G. Carter (ed.),
Skeletal Biomineralization: Patterns, Processes and Evolutionary Trends.
Volume 1, 413-442. Van Nostrand Reinhold, New York.

Smith, A.B. 2004. Deuterostome phylogeny and the interpretation of problem-
atic fossil echinoderms. /n: T. Heinzeller, and J.H. Nebelsick (eds.),
Echinoderms: Miinchen. Proceedings of the 11th International Echino-
derm Conference, Munich, Germany, 543-547. Balkema, Leiden.

Stothard, J.R. 2000. Future trypanosomatid phylogenies: refined homo-
logies, supertrees and networks. Memoirs of the Institute Oswaldo Cruz
95: 523-526.

Sumrall, C.D. 1997. The role of fossils in the phylogenetic reconstruction of
Echinodermata. Paleontological Society Papers 3: 267-288.

Sumrall, C.D. and Sprinkle, J. 1999. Ponticulocarpus, a new cornute-grade
stylophoran from the Middle Cambrian Spence Shale of Utah. Journal
of Paleontology 73: 886-891.

Sumrall, C.D., Brochu, C.A., and Merck, J.W. Jr. 2001. Global lability, re-
gional resolution, and majority-rule consensus bias. Paleobiology 27:
254-261.

Swofford, D.L. 2002. PAUP*: Phylogenetic Analysis Using Parsimony
(*and other methods). Version 4.0b10. 130 pp. Sinauer Associates,
Sunderland, Massachusetts.

Ubaghs, G. 1961. Sur lanature de I’ organe appelé tige ou pédoncule chez les
“carpoides” Cornuta et Mitrata. Comptes Rendus de I’Académie des
Sciences, Paris 253: 2738-2740.

Ubaghs, G. 1967. Stylophora. In: R.C. Moore (ed.), Treatise on Invertebrate
Paleontology. Part S. Echinodermata 1 (2), 495-565. Geological Soci-
ety of America, Boulder, and University of Kansas Press, Lawrence.

Ubaghs, G. 1969. Les échinodermes “carpoides” de I’Ordovicien inférieur
de la Montagne Noire (France). 110 pp. Editions du CNRS, Cahiers de
Paléontologie, Paris.

Ubaghs, G. 1975. Early Paleozoic echinoderms. Annual Review of Earth
and Planetary Sciences 3: 79-98.

Ubaghs, G. 1981. Réflexions sur la nature et la fonction de I’appendice articulé
des “carpoides” Stylophora (Echinodermata). Annales de Paléontologie
67: 33-48.

Ubaghs, G. 1991. Deux Stylophora (Homalozoa, Echinodermata) nouveaux
pour I’Ordovicien inférieur de la Montagne Noire (France méridionale).
Paldontologische Zeitschrift 65: 157-171.

Woods, L.S. and Jefferies, R.P.S. 1992. A new stem-group chordate from the
Lower Ordovician of South Wales, and the problem of locomotion in
boot-shaped cornutes. Palaeontology 35: 1-25.



