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Gatosella, a new basal plectambonitoid brachiopod with undercut cardinal process
from Middle Ordovician limestones of the Precordillera terrane, Argentina
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The plectambonitoid brachiopod Gatosella muricata gen. et sp. nov. is described from the uppermost nodular limestones of
the San Juan Formation. The well-constrained early Darriwilian age of these beds leaves Gotosella as one of the oldest known
plectambonitoideans possessing an undercut cardinal process. A phylogenetic analysis of representative genera bearing this
character reveals that the new Precordilleran genus is a basal member of the subfamily Aegiromeninae (as presently defined).
Parsimony analysis supports the existence of three subclades which may be considered as having familial rank in the
Linnaean classification: Aegiromenidae, Hesperomenidae and Sowerbyellidae, and also indicates that the xenambonitins are
more closely related to the sowerbyellids than to any other group.
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Introduction

Taxonomic diversity of the rhynchonelliformean
brachiopods increased dramatically during the Ordovician
radiation. The main groups that radiated in the Lower
Ordovician (Tremadocian–Floian) were the impunc-
tate orthides, the syntrophidine pentamerides and the
billingsellides, all of which have representatives in the
Late Cambrian. The oldest reported member of the order
Strophomenida is the plectambonitoid (?) Akelina, from
the upper Tremadocian of Russia (Altai Mountains).
The superfamily Plectambonitoidea, however, did not
diversify significantly until the Dapingian–Darriwilian
when more than 30 genera evolved on the carbonate
and mixed carbonate-clastic platforms around the world
(China, Baltica, Laurentia, Australia, Siberia, Precordillera
terrane), reaching a maximum of 43 genera during
the late Sandbian (approximately the mid Caradoc of
British regional units). By the Sandbian–Katian, the
plectambonitoids had spread across the temperate to high
latitudes originating the well-known west Gondwanan
Aegiromena Fauna (Havlı́ček 1986 and references therein).
The Strophomenoidea, the other superfamily within the
Strophomenida, also radiate during the second half of the
Ordovician, reaching their first diversity peak by the late
Katian (Harper et al. 2004) and becoming dominant during
Silurian and Devonian. The plectambonitoids also survived
the end-Ordovician biotic crisis but their diversity dropped
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significantly at the end of the Ordovician, in particular the
leptellinids (Candela 2010). Most of the Silurian survivors
possess undercut cardinal process, becoming extinct before
the Late Devonian faunal turnover.

Cocks & Rong (1989) considered the ‘undercut’
and ‘non undercut’ condition of the cardinal process
as a key feature for familial grouping of plectamboni-
toidean brachiopods, later adopted in the revised Treatise
(Cocks & Rong 2000). The families Xenambonitidae,
Hesperomenidae and Sowerbyellidae have in common
an undercut cardinal process in which the central part is
not ankylosed anteriorly to the valve floor but supported
laterally by variably developed socket plates, forming an
arched, inverted V-shaped structure which may differ to
some degree according to the genera. Its acquisition has
been considered as the apomorphy that distinguishes the
unnamed clade encompassing the above-mentioned three
families (Cocks & Rong 1989, Fig. 5). According to this
interpretation, this clade derives from an unidentified basal
group of plectambonitoids having simple or trifid, not
undercut cardinal process. The taxonomic significance of
the undercut cardinal process has been questioned by Potter
(1991) on the basis of its variable expression in the genus
Bimuria Ulrich & Cooper, in which it ranges from simple
not undercut to undercut, and also by Egerquist (1999) in
her revision of the genus Ujukella Andreev. However, with
rare exceptions, the undercut cardinal process is known to
be a persistent character of this group of families, perhaps
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436 J. L. Benedetto

more diagnostic than other features commonly used to
distinguish families and subfamilies within the plectam-
bonitoids, such as lateral septa, bema, dorsal platform or
ventral subperipheral rim, which may be plesiomorphic or
have unclear polarity in a phylogenetic analysis.

One of the earliest published representatives of this clade
is Ujukella fastigata Egerquist, from the upper Volkhov
Stage of the East Baltic region (Russia). These levels belong
to the Baltoniodus norlandicus Biozone, which indicates
approximately the base of the Darriwilian Series. Although
this species possesses an undercut cardinal process, its taxo-
nomic placement is matter of debate. Cocks & Rong (2000)
considered Ujukella Andreev as a junior synonym of Calyp-
tolepta Neuman, 1976, and removed it from the sowebyel-
lids, where it had been placed by Andreev (1993) because of
its ‘trifid’ undercut cardinal process, to the grorudids. New
well-preserved material from Baltoscandia described by
Egerquist (1999) demonstrates that Ujukella fastigata has a
simple, undercut cardinal process, and in a cladistic analysis
it appears closely related to Anechophragma Neuman (type
species A. rarum Neuman) from volcanogenic beds of mid
Darriwilian (D. artus zone) age in Newfoundland. Egerquist
(1999) referred both genera to the family Leptestiidae,
whose diagnosis was modified to include genera that have
a simple, undercut cardinal process (the ‘transverse-ridge’
type of Potter (1991)). Another early representative of the
‘undercut cardinal process-bearing group’ is Aegiromena
corolla Havlı́ček & Branisa, 1980, from the ‘Llanvirnian’
sandstones of Bolivia. The precise age of these beds remains
unknown but their association with a species of Tissintia
is suggestive of a younger age, possibly late Darriwilian
or Sandbian. The earliest Aegiromeninae so far reported
is Chonetoidea from the mid Darriwilian (Undulograp-
tus intersitus Zone, Dw2 ‘stage slice’ of Bergström et al.,
2008) of South China (Zhan et al. 2008). This brachio-
pod, however, has apparently not yet been described and
illustrated.

The purpose of this paper is to describe the new
genus Gatosella as one of the earliest known occurrences
not only of the subfamily Aegiromeninae (elevated to
family rank here) but also of the clade encompassing the
plectambonitoids bearing undercut cardinal process. The
taxonomic placement of the new Precordilleran genus is
analysed in a phylogenetic context.

Stratigraphy and age

The Precordillera (or Cuyania) is a low-latitude,
Laurentian-derived terrane that accreted to the proto-
Andean margin of Gondwana by the Late Ordovician
(Benedetto 1993, 2004; Benedetto et al. 2009; Astini
et al. 1995). Throughout the Cambrian and the first
half of the Ordovician this microplate was the site
of widespread carbonate sedimentation. Depositional

environments evolved from tidal flats, shoals, shallow
subtidal and restricted subtidal settings during the
Cambrian–early Tremadocian to open shelf settings in
the late Tremadocian–Darriwilian (Cañas 1999). The
open shelf carbonate succession, referred to as the San
Juan Formation, consists of c. 350 m of burrowed skeletal
wackestones and packstones (Fig. 1). The succession culmi-
nates with a 25–30 m thick package of nodular limestones –
mainly grey mudstones – bearing a rich benthic fauna
that includes brachiopods, trilobites, sponges, bryozoans,
gastropods and crinoids (Benedetto 2003; Sánchez et al.
2003). The brachiopod association has been referred to
the Ahtiella argentina Zone, the uppermost of the six
biozones recognized through the San Juan Formation
(Benedetto 2007; Sorrentino et al. 2009). These beds are
particularly well exposed along the western slope of Cerro
Viejo, about 20 km NE of Jáchal City, where the San Juan
Formation forms a westward-dipping homoclinal sequence
(Fig. 2). The plectambonitoid specimens described here
were collected on the left side of the Los Gatos Creek
(Quebrada Los Gatos) and in the Honda Creek, 2.5–3.1 m
below contact with the overlying Los Azules Formation.

The age of the uppermost nodular limestones of the San
Juan Formation is well constrained by conodonts belong-
ing to the Paroistodus horridus Subzone of the Lenodus
variabilis Zone (Ottone et al. 1999; Albanesi & Ortega
2002), of early Darriwilian age (Fig. 1). The immediately
overlying black shales (lower member of the Los Azules
Formation) have yielded a graptolite assemblage referred
to as the Undulograptus dentatus Biozone, whereas the
topmost beds of the San Juan Formation contain Undulo-
graptus austrodentatus (Mitchell et al. 1998; Brussa et al.
2003; Ortega & Rickards 2003), the marker of the base of
the Darriwilian Stage, corresponding to the Dw1 ‘substage’
of Bergström et al. (2008).

Phylogenetic relationships of Gatosella

The origin of plectambonitoideans remains unresolved.
Members of this superfamily have a fibrous shell structure
(Williams 1970), whilst the Strophomenoidea have a
laminar shell structure. Pseudopunctae are present in both
groups. The cladistic analysis carried out by Williams et al.
(2000) indicates that the superfamilies are related, having
a common ancestor among the billingselloids. On the basis
of shell structure and cardinal process morphology, Dewing
(2004) postulated that Plectambonitoidea are more closely
related to Clitambonitoidea than previously thought. A
similar interpretation was anticipated by Cocks & Brunton
(1996). Clitambonitoids also possess fibrous shells, and
some genera display pseudopunctae (Wright & Rubel
1996). According to the phylogenetic scenario of Dewing
(2004, Fig. 3). Strophomenoidea arose from a Cambrian
laminar-shelled billingselloid, whilst the common ancestor
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A new basal plectambonitoid brachiopod 437

Figure 1. Stratigraphic column of the San Juan Formation show-
ing distribution of lithofacies, conodont and brachiopod biozones,
and levels yielding Gatosella muricata gen. et sp. nov. (asterisk).
Modified from Carrera (2007) and Benedetto et al. (2008).

of the fibrous-shelled Plectambonitoidea and Clitamboni-
toidea remains unknown. The possibility that orthides –
which share with the plectambonitoideans a fibrous
secondary shell layer – are basal to the plectambonitoid
clade needs to be explored.

In this paper, cladistic analysis of plectambonitoids
having undercut cardinal process was performed using
TNT (Tree Analysis Using New Technology) version 1.0
(Goloboff et al. 2003). The 14-character matrix was anal-
ysed for 22 taxa (Table 1), and Taffia Butts, 1926, a
basal taxon lacking the majority of apomorphies present
in the group analysed here (including the undercut cardinal
process), was chosen as outgroup for rooting the phyloge-
netic tree. A heuristic search of the data matrix in which all
characters were unordered and equally weighted produced
11 minimal length trees, 33 steps long (Fig. 3). Phylogenetic
relationships expressed in the 80% majority rule consensus
tree are shown in Fig. 4; this tree is redrawn in Fig. 5 but
with branch length calibrated to the age of the FADs (First
Appearance Datum) of each taxon.

Although the cladogram of Fig. 3 supports a tripartite
classification of the plectambonitoids bearing undercut
cardinal process, arrangement of families and subfamilies
is slightly different from that proposed by Cocks & Rong
(1989, 2000). Perhaps the main difference is that the
aegiromenins form a separate clade in which two subclades
can be recognized. Gatosella appears as the basal member
of the lineage that includes Multiridgia and Jonesea. The
synapomorphy defining this lineage is the possession
of a weak dorsal platform delineated by papillae and/or
septules. The whole clade is stratigraphically parsimonious
requiring a relatively long ghost lineage only for the
Silurian genus Mezounia, which is placed at the base
of the (Chonetoidea + Aegiria + Aegiromena) lineage
(Fig. 5). This favours the classification of aegiromenins as
a separate clade with family rank (family Aegiromenidae).
The synapomorphy that defines node 1 is the presence
of papillae and/or septules on the internal surface of both
valves. In the 80% majority rule consensus tree (Fig. 4)
part of this clade collapses and is replaced by a polytomy,
indicating that considerable ambiguity exists over the
relationships of the aegiromenid ingroup clade.

The remaining plectambonitoids considered in the parsi-
mony analysis form two subclades. One of the subclades
includes the genera currently referred to Hesperomenidae,
with Anoptambonites, Hesperomena and Rongambonites as
the more derived members. Monophyly of this subclade is
supported by the synapomorphies (node 2) of having a well-
developed, strong dorsal platform, and a high, bladelike
dorsal septum. This node is preserved in the 80% major-
ity rule consensus tree but partially collapses in the strict
consensus tree. The third subclade is formed by members of
the subfamily Xenambonitinae and the family Sowerbyell-
idae. Topology of this clade does not change significantly
in the 80% majority rule consensus tree and constitutes
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438 J. L. Benedetto

Table 1. Character state matrix used in TNT parsimony analysis of characters listed in the Appendix.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Taffia 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Xenambonites 0 0 1 1 0 1 1 2 0 0 1 0 0 0
Aegiromena 0 0 0 2 02 02 013 3 0 0 1 0 0 1
Chonetoidea 0 0 1 1 2 0 0 2 0 0 1 0 0 1
Mezounia 0 1 0 1 0 0 2 0 0 0 1 0 0 1
Aegiria 0 0 1 2 0 0 01 2 0 3 1 0 0 1
Multiridgia 0 1 1 1 0 0 0 0 0 3 1 0 0 1
Jonesea 0 1 1 1 0 0 03 1 0 3 1 0 0 2
Hesperomena 0 0 0 1 0 0 0 1 0 2 1 1 0 0
Anoptambonites 0 0 0 1 0 0 0 1 0 2 1 1 0 0
Kassinella 0 1 1 2 0 0 0 1 0 2 1 0 0 0
Sowerbyella 0 0 0 1 2 0 02 0 1 0 1 0 0 0
Anisopleurella 0 1 0 1 2 0 2 0 1 0 1 0 0 0
Eochonetes 0 0 0 2 2 0 2 0 1 0 1 0 1 01
Plectodonta 0 0 0 1 2 0 03 0 1 0 1 0 1 12
Metambonites 1 0 1 1 2 0 1 2 0 0 1 1 2 0
Aulie 0 0 0 0 0 0 0 1 0 2 1 0 0 0
Eoplectodonta 0 02 0 2 2 0 2 0 1 0 1 0 1 0
Synambonites 1 0 0 1 0 1 1 0 0 0 1 1 0 0
Gatosella 0 1 1 1 0 2 0 2 0 3 1 0 0 1
Chaganella 1 0 0 1 0 0 0 1 0 2 1 0 0 0
Rongambonites 0 1 0 1 0 0 0 1 0 1 1 1 0 0

Figure 2. Index map of central San Juan Province showing Ordovician outcrops and location of the Cerro Viejo area (left). Collection
sites are indicated by asterisks. A, Quebrada Los Gatos; B, Quebrada Honda.
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A new basal plectambonitoid brachiopod 439

Figure 3. One of the 10 more parsimonious cladograms with a
tree length of 11 steps, showing the nodes (1, 2, 3) discussed in
the text.

the less ambiguous part of the cladogram (Fig. 4). The
synapomorphy that characterizes this clade (node 3) is
the possession of a well-defined, elevated bema. As the
cladograms show, xenambonitins are more closely related
to sowerbyellids than to any other group. Xenambonites
and Synambonites appear as a basal subclade of the clade
defined by having a ventral platform. The more derived
members of this subclade are Eochonetes, Eoplectodonta
and Plectodonta, which share a denticulate hinge. The FADs
of these genera (Late Ordovician to Devonian) agree well
with their placement in the phylogenetic tree.

Figure 4. 80% majority rule consensus tree. Numbers on the
branches indicate majority rule support for node. Note that
phylogenetic relationships of Gatosella within the aegiromenid
subclade are ambiguous.

Figure 5. 80% majority rule consensus tree calibrated to chronos-
tratigraphic scale. Black rectangles indicate the first appearance
datum of each taxon. Fl, Floian; Dap, Dapingian; Dar, Darriwil-
ian; Sa, Sandbian; Ka, Katian; Hir, Hirnantian; ESi, Early Silurian;
LSi, Late Silurian.

The relationships inferred from cladistic analysis support
a classification of the plectambonitoideans bearing under-
cut cardinal process into three families. This arrangement
differs from the current Treatise classification as follows:
(1) the subfamily Aegiromeninae should be elevated to the
family rank (family Aegiromenidae); and (2) the xenam-
bonitins do not appear closely related to the aegiromenids
and should be included within the family Sowerbyellidae.
The family Hesperomenidae, on the other hand, appears
as a distinct, well-supported clade, as was recognized by
Cocks & Rong (1989, 2000).

Systematic palaeontology

The material figured and cited in this paper is housed in
the palaeontological collection of the Centro de Inves-
tigaciones Paleobiológicas (CIPAL), Córdoba University
(CEGH-UNC collection numbers).

Order Strophomenida Öpik 1934
Superfamily Plectambonitoidea Jones 1928

Family Aegiromenidae Havlı́ček 1961
(ex Aegiromeninae Havlı́ček 1961, p. 450)

Genus Gatosella gen. nov.

Type species. Gatosella muricata sp. nov.

Derivation of name. After Quebrada Los Gatos, the type
area.

Diagnosis. Shell small, gently concavo-convex. Orna-
ment unequally parvicostellate. Dental plates vestigial.
Ventral muscle field small, bilobed. Well-developed ventral
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440 J. L. Benedetto

platform near the valve mid length formed by a series of
elongate papillae and tubercles. Cardinal process undercut
connecting with socket ridges laterally to form an inverted
V-shaped structure. No bema. Incipient dorsal platform
confined to the medial part of the valve delineated by short
septules and isolated tubercles arranged radially flanking
the anterior end of a stout median septum.

Occurrence. Uppermost San Juan Formation, lower
Darriwilian.

Remarks. The new genus Gatosella is assigned to the
family Aegiromenidae based on the absence of lateral septa
and bema combined with a rudimentary dorsal platform
delineated by elongate papillae. According to the diagno-
sis of Cocks & Rong (1989), aeginomenins differ from the
xenambonitins in the lack of a platform. One of the most
distinctive features of Gatosella is the rudimentary plat-
form confined to the median part of the valve. It differs
from the ‘true’ dorsal platform of hesperomenids and other
plectambonitoids in that it is delineated by a few elongate
papillae adjacent to the median ridge. In the aegiromenins
the presence of rounded or gout-shaped papillae and/or
elongate papillae or septules surrounding the ventral and
dorsal muscle fields is very common (Havlı́ček 1991). In
most of the genera they are arranged chaotically (Jonesea,
Chonetoidea, Nabiaoia) or more or less radially (Aegirom-
ena). In some species of Aegiria (e.g. A. norvegica Öpik)
a low platform is suggested by a row of radial papillae.
Among described aegiromenins, Gatosella is closest to
Multiridgia Zeng 1987, from the Miaopo Formation of early
Sandbian age (Zhan & Jin 2007). Externally, the Chinese
genus (type species M. elegans Zeng) resembles Gatosella
in its small shell and its unequally parvicostellate orna-
ment. The latter, however, has a more transverse shell and a
more convex ventral valve. Internally, Multiridgia bears an
arcuate row of septules in both valves, though their shape,
arrangement and location differ from those of Gatosella. In
the new Precordilleran genus the ventral platform is much
larger and formed by longer and more elevated septules
reaching the mid length of the valve, whilst in Multirid-
gia it is low and confined to the posterior quarter of the
valve. Moreover, in Gatosella the ventral muscle field is
clearly defined in all growth stages whilst in Multiridgia
it is smooth or weakly impressed. The dorsal interior in
both genera is also clearly different. The new genus has a
more prominent and longer median septum and the papillae
are confined to both sides of its anterior termination, delin-
eating an incomplete gently raised platform. This kind of
incipient dorsal platform is infrequent in the plectamboni-
toideans; in Aegiromena corolla Havlı́ček & Branisa the
median septum is accompanied laterally by septules beyond
the bema. In Aegiromena aquila (Barrande) there is a row
of coarse papillae radially arranged simulating a platform;
however, they are not confined to the sides of the dorsal

septum but are more or less uniformly dispersed, forming
a diffuse arch outside to the bema. In Aegiromena glacialis
Benedetto, especially in juvenile shells, the median septum
is flanked by 2–6 radial short septules and/or papillae that
evolved to a moderately elevated large bema in mature spec-
imens. There is no certainty that the incipient ‘platform’
of Gatosella represents an ancestral stage (ontogenetic or
phylogenetic) in the development of a bema or is a ‘true’
platform in the sense of Cocks & Rong (1989). However,
on the basis of its location close to the margin (at about
75% of shell length) this structure can be better interpreted
as a platform.

Also distinctive for Gatosella is the relatively promi-
nent ventral platform. Among plectambonitoids lacking
undercut cardinal process Calyptolepta displays a some-
what similar ventral platform, but it differs in being more
continuous (elongate papillae are only evident in some
specimens of C. rarum (Neuman 1976)) and is bisected
by a variably developed median septum that is absent in
Gatosella. Of the plectambonitoids that have an undercut
cardinal process, Synambonites Zhan & Rong and Xenam-
bonites Cooper possess a high, continuous rim running
close to the valve margin. In contrast, in the new Argen-
tinian genus there is a true ‘ventral platform’ formed by a
series of radially arranged septules, which clearly differs
from the ‘subperipheral rim’ of other plectambonitoideans.
The ventral platform of Gatosella is reminiscent of that
of some species of Aegiromena, such as A. descendens
Havlı́ček from the Bohdalec Shale of the Czech Repub-
lic (Katian) in which radial rows of septules and elongate
papillae are present on the areas surrounding the anterior
ends of muscle scars but are lacking in the central part of
the valve (Havlı́ček 1967, pl. 4, Figs. 7–9).

Gatosella muricata sp. nov.
(Fig. 6A–Q)

Diagnosis. As for the genus by monotypy.

Derivation of name. Latin, muricatus, with spines.

Material. Holotype: CEGH-UNC 22044 (ventral internal
mould, Fig. 6K–L); paratypes: CEGH-UNC 22040-22053
(seven external moulds, four internal moulds of ventral
valves and one internal mould of dorsal valve).

Occurrence. Western slope of Cerro Viejo, uppermost San
Juan Formation, 2.5–3.1 m below contact with the Los
Azules Formation.

Description. Shell small, up to 5 mm wide, semiellip-
tical in outline, with average length:width ratio of 0.64,
gently concavo-convex; maximum width at the hinge line;
cardinal extremities acute to nearly rectangular. Ventral
valve moderately convex, with planar apsacline interarea
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A new basal plectambonitoid brachiopod 441

Figure 6. Gatosella muricata gen. et sp. nov. A, B, Dorsal valve external mould (CEGH-UNC 22040) and latex cast (×12); C, dorsal valve
exterior, latex cast, CEGH-UNC 22041 (×10); D, dorsal valve exterior, latex cast, CEGH-UNC 22045 (×12); E, ventral valve exterior,
latex cast, CEGH-UNC 22051 (×8); F, dorsal valve exterior, latex cast, CEGH-UNC 22047 (×15); G, dorsal valve exterior, latex cast,
CEGH-UNC 22046 (×10); H, ventral valve exterior, latex cast, CEGH-UNC 22052 (×13); I, ventral valve internal mould CEGH-UNC
22053 (×12); J, ventral valve internal mould CEGH-UNC 22050 (×12); K, L, ventral valve internal mould, holotype CEGH-UNC 22044
and latex cast (×14); M, incomplete internal mould, juvenile ventral valve CEGH-UNC 22049 (×22); N, incomplete internal mould of
ventral valve CEGH-UNC 22048 (×12); O, P, Q, dorsal valve internal mould CEGH-UNC 22043, latex cast (×15), and detail of cardinalia
(×30).
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442 J. L. Benedetto

and small convex pseudodeltidium. Dorsal valve gently
concave, almost flat with hypercline dorsal interarea. Radial
ornament unequally parvicostellate with 5–7 primary
accentuated ribs originating at or near the umbo and one
generation of less prominent ribs originating approximately
at valve mid length; 4–6 fine, closely spaced parvicostellae
between accentuated ribs along the anterior margin.

Ventral interior with robust teeth supported by very short
dental plates, only present in adult specimens. Bilobed
ventral muscle field well impressed, small, 50–60% as long
as wide and extended forward approximately for 10% of
the valve length; central adductor field wider than the more
excavated, subtriangular diductor scars. Ventral platform
(‘visceral platform’) extending to about the mid length of
the valve, formed by a series of radially arranged elongate
papillae and septules; isolated papillae irregularly disposed
beyond the platform. A series of rounded radial grooves
reflects the exterior accentuated ribs.

Dorsal interior with slender, undercut cardinal process,
connecting laterally with thick widely divergent socket
ridges to form an inverted V-shaped structure, with bound-
ing minute slit-like dental sockets at their distal ends.
Median septum prominent, originating anterior of alveo-
lus, extending for two-thirds of valve length. A few short
septules and isolated tubercles arranged radially on both
sides of the median septum delineating an incipient, gently
elevated platform confined to the medial part of the valve;
septules disappear laterally, the valve floor becoming nearly
smooth with only sparse small tubercles. Pallial markings
not impressed.
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Córdoba, Córdoba, 560 pp.

Benedetto, J. L. 2004. The allochthony of the Precordillera ten
years later (1993–2003): A new paleobiogeographic test of the
microcontinental model. Gondwana Research, 7, 1027–1039.

Benedetto, J. L. 2007. Brachiopod succession in the Lower-
Middle Ordovician carbonate platform of the Precordillera
terrane, western Argentina: an example of interplay between
environmental, biogeographic and evolutionary processes.
Acta Palaeontologica Sinica, 46(Suppl.), 28–36.

Benedetto, J. L., Sorrentino, L., Cech, N. & Sánchez,
T. M. 2008. Functional morphology of the Ordovician plec-
tambonitoid brachiopod Inversella (Reinversella) arancibiai
Herrera & Benedetto from the San Juan Formation, Argen-
tine Precordillera. Alcheringa: An Australasian Journal of
Palaeontology, 32, 53–63.

Benedetto, J. L., Vaccari, N. E., Waisfeld, B. G., Sánchez,
T. M. & Foglia, R. D. 2009. Cambrian and Ordovician pale-
obiogeography of Andean margin of Gondwana and accreted
terranes. Pp. 199–230 in M. G. Bassett (ed.) Early Palaeozoic
Peri-Gondwanan Terranes. New Insights from Tectonics and
Biogeography. The Geological Society of London, Special
Publications, 325.

Bergström, S. M., Chen, Xe, Gutierrez Marco, J. C. &
Dronov, A. 2008. The new chronostratigraphic classification
of the Ordovician System and its relations to major regional
series and stages and to δ13C chemostratigraphy. Lethaia, 42,
97–107.

Brussa, E. D., Toro, B. A. & Benedetto, J. L. 2003. Biostratig-
raphy. Pp. 75–90 in J. L. Benedetto (ed.) Ordovician Fossils
of Argentina. Secretarı́a de Ciencia y Tecnologı́a, Universidad
Nacional de Córdoba, Córdoba.
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Havlı́ček, V. 1961. Plectambonitacea Im bömischen Paläozoikum
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447–451.
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Appendix: List of coded characters and
character states used in cladistic analysis

1. Shell profile: 0 concavo-convex; 1 biconvex
2. Ornament: subequally parvicostellate: 0; unequally

parvicostellate 1; multicostellate 2
3. Dental plates: present 0; vestigial or absent 1
4. Ventral muscle field: subtriangular 0; small, bilobed

1; large, bilobed 2
5. Ventral median septum (or miophragm): absent 0;

high, long: 1; short, confined posteriorly 2
6. Ventral platform: absent 0; high, continuous rim 1;

delineated by papillae or tubercles 2
7. Bema: weak or absent 0; elevated, undercut 1; large,

bilobed 2; defined by septules 3
8. Dorsal septum: absent 0; high, bladelike 1; short,

confined to bema 2
9. Side septa: absent 0; present 1

10. Dorsal platform: absent 0; gently developed 1;
strong, high 2; delineated by papillae 3

11. Cardinal process: not undercut 0; undercut 1
12. Cardinal process morphology: simple 0; strong,

enlarged 1; small lobes differentiated 2
13. Denticles on hinge: absent 0; present 1
14. Internal surface: smooth 0; small tubercles 1; coarse

papillae 2
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