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ABSTRACT—The genus Hoplophorus is one of the most distinctive glyptodonts from the Quaternary deposits of the in-
tertropical area of Brazil. In this paper, we redescribe cranial and postcranial elements and describe some new tarsal elements
belonging to the species Hoplophorus euphractus from caves from Minas Gerais state, southern Brazil, in order to provide a
better diagnosis for the genus. The material examined shows several striking, distinctive characters relative to Neosclerocalyp-
tus, besides those previously reported, reinforcing the validity of Hoplophorus. On the other hand, we find that the postcrania
of Hoplophorus presents striking, unreported resemblances with Panochthus (e.g., more lateromedially elongated cuboid facet
of navicular and caudal tube with large lateral figures separated from the terminal ones by a wide space). In order to infer the
relationships of Hoplophorus and to reevaluate the monophyly of the tribe Hoplophorini and the subfamily Hoplophorinae
(in which Hoplophorus was previously allocated), we carried out a cladistic analysis of 18 taxa, including 13 glyptodont genera
and five cingulate outgroups, scored for 151 cranial, dental, and postcranial characters. The most parsimonious tree shows that
Hoplophorinae and Hoplophorini are both paraphyletic and has Hoplophorus as the sister group to Panochthus based mostly
on synapomorphies of the caudal tube. We propose: (1) restricting the definition of the tribe Hoplophorini to the lineage
represented by Hoplophorus, making it the sister group to Panochthini within Panochthinae (= Hoplophorus + Panochthus);
and (2) a new subfamily, Neosclerocalyptinae, represented by Neosclerocalyptus, the sister group to Panochthinae.

INTRODUCTION

Hoplophorus is a medium-sized glyptodont genus known from
the late Pleistocene of the Brazilian intertropical area (sensu
Cartelle, 1999). Hoplophorus euphractus, its type species, was
erected by Lund (1839) on the basis of osteoderms and cara-
pace fragments from Pleistocene cave deposits of Lagoa Santa
region, Minas Gerais state, and was one of the earliest described
glyptodonts (Ameghino, 1889). In addition to the osteoderms,
Lund attributed to H. euphractus several limb bones (Lund,
1840a), teeth, vertebrae (Lund, 1842), and an incomplete skull
and foot (Lund, 1846) collected in the same cave as the type ma-
terial (Lapa do Baú; Winge, 1915). Besides H. euphractus, Lund
proposed three additional species of Hoplophorus based on ma-
terial from Lagoa Santa region, but their validity was seriously
questioned by later authors. Hoplophorus selloi was proposed
by Lund in 1840 (Lund 1840a), but was actually based on re-
mains belonging to Glyptodon clavipes and Dasypus sulcatus (=
Propraopus sulcatus), as demonstrated by Winge (1915). Lund
(1840b) mentioned a small species of Hoplophorus for which he
coined the name Hoplophorus minor, but he did not presented
any description or illustration, and this taxon was subsequently
attributed to the genus Glyptodon by Ameghino (1889) and later
considered a synonym of H. euphractus by Winge (1915) and
Paula Couto (1957). Hoplophorus meyeri (Lund, 1844), the last
species erected by Lund, is presently considered a nomen nudum
because it was not described nor defined (Winge, 1915; Paula
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Couto, 1947). In fact, the same also should apply to H. minor
and H. selloi, as they were neither defined nor described (ICZN,
1999).

Pouchet (1866) regarded the species Glyptodon ornatus,
erected by Owen (1845) on the basis of carapace fragments col-
lected in Argentina, as a synonym of H. euphractus. He also
attributed to H. euphractus a complete carapace and postcra-
nial bones from Argentina housed in the collection of the Nat-
ural History Museum of Paris (Pouchet, 1866). Based on new
Pampean specimens and reevaluation of the material described
by Owen (1845) and Pouchet (1866), Burmeister (1870–74) ar-
gued for the inclusion of G. ornatus within Hoplophorus, as
did Pouchet (1866), but in a species distinct from H. euphrac-
tus (sensu Lund 1839), for which he coined the new combination
Hoplophorus ornatus. After that, Ameghino (1889) added sev-
eral species from the Pampean region of Argentina and Uruguay
to Hoplophorus, but in 1891 he proposed the new name Sclero-
calyptus as a nomen novum (ICZN 1999, Art 67.8) to replace
Hoplophorus, arguing that it was preoccupied by Oplophores
(Pisces), Hoplophora (Insecta), and Oplophorus (Crustacea)
(Ameghino, 1891), and designated G. ornatus as its type species.
When revising the material collected by Lund (1839), Winge
(1915) questioned the inclusion of H. euphractus within Scleroca-
lyptus (sensu Ameghino, 1891), based on its distinctive morphol-
ogy relative to the Pampean species also included in this genus.

Simpson (1945) noted that the decision of Ameghino (1891)
was incorrect, since just a single letter difference is enough to
avoid homonymy at the generic level (ICZN 1999, Art. 56.2),
and therefore that Hoplophorus was not preoccupied. As more
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complete material became available, including a carapace, a
nearly complete caudal tube, and better preserved cranial and
postcranial material (Paula Couto, 1947, 1957), the differences
between H. euphractus and the Pampean species with which it
previously had been allied became more evident, leading Paula
Couto (1957) to officially recognize the Brazilian taxon as be-
longing to a distinct genus, as already suggested by Winge (1915).
Therefore, considering that H. euphractus is the proper type
species of Hoplophorus (and not G. ornatus as believed by
Ameghino, 1889) and that “Sclerocalyptus” is a junior synonym
of this latter genus (Simpson, 1945), Paula Couto (1957) con-
served the name Hoplophorus for the Brazilian taxa and pro-
posed the new name Neosclerocalyptus to encompass all species
other than H. euphractus that were included in “Sclerocalyptus”
(sensu Ameghino, 1891) (see Zurita et al., 2007, and Fernicola,
2008, for additional discussions).

In addition to the intertropical Brazilian area, remains at-
tributed to Hoplophorus have been reported from the Pleis-
tocene of Acre state, north Brazil (Paula Couto, 1983), and from
the Pleistocene of Bolivia (Hoffstetter, 1964; Zurita et al., 2009).
The material from Bolivia was tentatively attributed to a new
species, Hoplophorus echazui, by Hoffstetter (1964), but its valid-
ity is uncertain since it was based on sparse and poorly diagnostic
material (Zurita et al., 2009).

Hoplophorus has been placed in the subfamily Hoplophorinae
(Paula Couto, 1957) within the tribe Hoplophorini (Hoffstetter,
1958; McKenna and Bell, 1997), though this genus presents
some highly distinctive characters relative to the other alleged
members of this tribe, as already noted by Hoffstetter (1958).
Hoplophorinae is a large but loosely defined group (Hoffstetter,
1958) that encompasses most described glyptodonts (nearly 60%
of the known genera according to McKenna and Bell, 1997).
The monophyly of this group recently has been questioned
(Fernicola, 2008).

We here redescribe the material of H. euphracutus studied by
Paula Couto (1957) and describe new tarsal elements for this
species, focusing on further clarification of valuable anatomical
characters not detailed by previous authors (Winge, 1915; Paula
Couto, 1957), in order to provide a robust differential diagnosis
for Hoplophorus. In addition, we carry out a cladistic analysis:
(1) to access the relationships of Hoplophorus; (2) to revaluate
its previous assignment to Hoplophorinae and Hoplophorini (as
suggested by previous authors; Paula Couto, 1957; Hoffstetter,
1958; McKenna and Bell, 1997); and (3) to provide a new test of
the phylogenetic status of these latter groups.

Institutional Abbreviations—MACN, Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia,” Buenos Aires, Ar-
gentina; MCC, Museu Câmara Cascudo, Natal/RN, Brazil; MCL,
Museu de Ciências Naturais da Pontifı́cia Universidade Católica
de Minas Gerais, Belo Horizonte/MG, Brazil; MHN, Museu
de História Natural e Jardin Botânico, Belo Horizonte/MG,
Brazil; MLP, Museo de Ciencias Naturales de La Plata, La Plata,
Argentina; MNRJ, Museu Nacional do Rio de Janeiro, Rio de
Janeiro/RJ, Brazil; FC-DPV, Colección de Vertebrados Fósiles,
Faculdad de Ciencias, Universidad de la República, Uruguay.

Other Abbreviations—CI, consistency index; RI, retention
index.

MATERIAL AND METHODS

Most of the specimens here studied were previously described
by Paula Couto (1947, 1957) and were collected in carbonate
caves at Lapa do Borges, Pedro Leopoldo city, Minas Gerais
state, Brazil (Fig. 1). This material includes a fragmented skull,
several paired postcranial elements, isolated osteoderms, a cau-
dal tube, and a partial carapace that, according to Paula Couto
(1947, 1957), were found in association and probably belonged to

FIGURE 1. Location map of Gruta do Baú and Lapa do Borges.

a single individual. These specimens are stored in the collection
of MHN. In addition, we describe unpublished tarsal elements
from Gruta do Baú, Minas Gerais state (Fig. 1). This material be-
longs to the fossil mammal collection of MCL and was collected
in association with osteoderms. Available radiometric ages for
the fossils collected in caves from the Lagoa Santa region range
from 9,130 ± 150 years BP (Auler et al., 2006; Neves and Piló,
2003) to 77,700 ± 6,100 years BP (Gruta do Baú; Piló, 1998).
For this reason, we assign the material here described to the late
Pleistocene–early Holocene.

In this paper we use dorsal, lateral, and marginal to refer to
regions of the carapace. We adopt the usually employed terms
‘lateral figures’ and ‘terminal figures’ to denote the paired larger
elliptical figures at the sides and distal end of the caudal tube,
respectively (see Castellanos, 1939, 1941; Cabrera, 1944). In de-
scribing individual osteoderms we follow primarily the terminol-
ogy employed by Hill (2006), but we prefer to use ‘main figure’
in reference to the larger figure in the external ornamentation of
osteoderms instead of ‘central figure’ because in some glyptodon-
tid species (e.g., Parapropalaehoplophorus) it does not occupy a
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TABLE 1. Measurements (mm) of the skull of Hoplophorus eu-
phractus MHN 992.

Measurements

Length 336
Width at the postorbital processes 142
Width at the postorbital constriction 101
Width of foramen magnum 38
Height of foramen magnum 30
Width between occipital condyles 96.7
Maximum width of basioccipital 74.5
Maximum width of basisphenoid 42.5
Length of basisphenoid 62
Width between oval foramina 58
Width between sphenorbital fissures 35.3

central position (Croft et al., 2007). We use M to indicate upper
molariforms in accordance to the current literature (e.g., Perea,
2005; Croft et al., 2007). Details on the phylogenetic methods em-
ployed are given in the Phylogenetic Analysis section. The com-
parative descriptions were based mostly on direct observations
of specimens and on published accounts listed in Appendix 1.
Selected measurements are provided for cranial (Table 1) and
postcranial elements (Table 2). In the Systematic Paleontology
section, we followed the classification of glyptodonts recently
proposed by Fernicola (2008).

SYSTEMATIC PALEONTOLOGY

Order CINGULATA Illiger, 1811
Suborder GLYPTODONTIA Ameghino, 1889

Superfamily GLYPTODONTOIDEA Gray, 1869
Family PANOCHTHIDAE Castellanos, 1927

Genus HOPLOPHORUS Lund, 1839
(= Sclerocalyptus Ameghino, 1891)

Revised Diagnosis—Differs from all known glyptodonts (ex-
cept from Panochthus and Neuryurus) in having conical tuber-
cles in lateral and terminal figures of caudal tube. Differs further
from all known glyptodonts (except Urotherium and Doedicurus)
in having single lateral figure in each side of caudal tube and in
having lateral figures with dorsoventral diameter nearly match-
ing dorsoventral diameter of caudal tube in its corresponding
position (except from Panochthini). Differs from Neuryurus in

TABLE 2. Measurements (mm) of postcranial elements of Ho-
plophorus euphractus.

Measurements Specimens

Scapula MHN 985 MHN 984
Winge
(1915)

Length of glenoid fossa 79 78.4 —
Maximum width of glenoid fossa 43 43 —
Humerus MHN 987 MHN 996
Length 332 330 329
Distal width 99 100
Width of distal articular surface 62 62 59
Length of deltopectoral shelf 167 168
Femur MHN 988
Distal width 165
Patella MHN 990 MHN 989
Length 86 87 80/77/76
Width 80.3 80.6 75/72
Astragalus MCL

21.107
Length 70.8 67/65
Width 79.6
Length of ectal facet 51.4
Length of sustentacular facet 41.6

having carapace and caudal tube osteoderms with clearly demar-
cated main and peripheral figures (instead of perforated, with-
out any discernable figure) and in having firmly attached osteo-
derms in the caudal tube (instead of poorly attached). Differs
from its closer allies Neosclerocalyptus and Panochthus in having:
nearly rounded osteoderms in dorsal region of carapace (instead
of pentagonal or hexagonal); narrower glenoid fossa; elongated
humeral head (instead of rounded); medial and lateral proximal
borders of patella nearly symmetrical and not projecting proxi-
mally; and more proximodistally elongated sustentacular facet of
astragalus. Differs further from Panochthus in having main fig-
ures in all carapace osteoderms. Differs further from Neosclero-
calyptus in being larger and in having osteoderms from the dorsal
region of carapace with two rows of peripheral figures (instead of
a single row).

HOPLOPHORUS EUPHRACTUS Lund, 1839
(Figs. 2–7)

Diagnosis—As for genus.
Studied Material—MHN 992, incomplete skull; MHN

993–1001, teeth; MHN 755, palate fragment; MHN 984, left
scapula; MHN 985, right scapula; MHN 986, left humerus;
MHN 987, right humerus; MHN 988, distal half of right femur;
MHN, 989 left patella; MHN 990, right patella; MHN 1003
partial carapace, MHN 1004, fragment from the lateral region of
carapace; MHN 1005, caudal tube; MCL 21.107, left astragalus;
MCL 21.108, left navicular.

DESCRIPTIONS AND COMPARISONS

Carapace—As in Neosclerocalyptus, the carapace osteoderms
(Fig. 2A–D) are thinner than in larger Pleistocene genera such as
Glyptodon and Panochthus. As in Glyptodon and some species
within Neosclerocalyptus, transverse rows of osteoderms are
more noticeable at the lateral sides of carapace than in the dorsal
region, unlike Panochthus, where they are visible along the en-
tire carapace. The osteoderm surface is more rugose and punc-
tuated than in Neosclerocalyptus, somewhat like in Glyptodon
and Panochthus, with a flat to moderately concave main figure.
As in Neosclerocalyptus, the main and peripheral sulci are shal-
lower and less marked than in Glyptodon. The osteoderms from
the dorsal region are nearly rounded (instead of pentagonal or
hexagonal, as in Panochthus and Neosclerocalyptus) with a cir-
cular, centrally positioned main figure (Fig. 2C). As in Neoscle-
rocalyptus and Panochthus, the lateral osteoderms are hexago-
nal or pentagonal, with the major axis oriented anteroposteriorly
(Fig. 2B, D), except the posterior-most, which are nearly isodia-
metric. The osteoderms near the lateral margins are almost quad-
rangular, and have a subelliptical main figure that is proportion-
ally larger than in all dorsal and most lateral osteoderms. The
peripheral figures, numbered 9–12, are relatively smaller than
in Neosclerocalyptus, and are polygonal or nearly rounded. Un-
like in Neosclerocalyptus, some osteoderms of the central and
anterior portions of the dorsal region bear two rows of periph-
eral figures, as in some hoplophorines such as Plohophorus and
Stromaphorus, but this occurs in fewer areas than in these latter
genera.

Caudal Ring—The diameter (nearly 133 mm) of the nearly
complete caudal ring (MHN 209-210; Fig. 2I) matches the dis-
tance between the lateral edges of the transverse processes of
the eighth vertebra (132 mm). This led Paula Couto (1957) to
infer that MHN 209-210 corresponds to the last of a sequence
of at least eight rings, each presumably covering one single
caudal vertebra. Following this inference, Hoplophorus would
have slightly more caudal rings than Panochthus (six to seven;
Burmeister, 1870–74) and many more than Neosclerocalyptus
(four to five; Burmeister, 1870–74). The number of caudal rings
nearly matches the number of caudal vertebrae in Panochthus
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FIGURE 2. Carapace and caudal armor of Hoplophorus euphractus. A, incomplete carapace MHN 1003 in lateral view; B, detail showing lateral
osteoderms; C, detail showing dorsal osteoderms; D, fragment of lateral region MHN 1004; E, caudal tube MHN 1005 in dorsal view; F, caudal tube
MHN 1005 in ventral view; G, caudal tube MHN 1005 in lateral view; H, detail of the distal end of caudal tube MHN 1005 in dorsal view; I, eighth
caudal ring MHN 209-210 in caudal view. Abbreviations: lf, lateral figure; tf, terminal figure.

(six rings to seven vertebrae) but this is not true for Neoscle-
rocalyptus (four to five rings for seven vertebrae). This indi-
cates that the number of caudal rings and the number of caudal
vertebrae anterior to the caudal tube do not necessarily match

each other in closely allied genera and, consequently, we remain
cautious regarding the reconstruction proposed by Paula Couto
(1957:fig. 30). Unlike Panochthus and Neosclerocalyptus, which
present two and two to three rows of osteoderms, respectively,
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FIGURE 3. Skull of Hoplophorus euphractus. A and D, dorsal view; B and E, lateral view; C, ventral view. F and G, detail of the basicranium.
Abbreviations: bo, basioccipital; bs, basisphenoid; dlf, descending lamina of frontal; fo, foramen ovale; ncr, nuchal crest; ocd, occipital condyles; pop,
postorbital process; scr, sagittal crest; spf, sphenorbital fissure.

the caudal ring is composed by four rows—one anterior, two me-
dian, and one posterior—of different shape, size, and sculpture:
the osteoderms from the anterior row are pentagonal, but their
sculptural pattern is hardly discernible in the preserved specimen;
the osteoderms from the median rows are roughly hexagonal and
bear a large main figure and faintly delimited small peripheral
figures; the posterior row is composed of the largest osteoderms,
which show greatly enlarged main figures, as in Panochthus and
Neosclerocalyptus, and small peripheral figures restricted to the
their lateral and proximal borders.

Caudal Tube—The caudal tube (MHN 1005; Fig. 2E–H) has a
conical-cylindrical shape with a nearly circular anterior end and
a posteriorly decreasing dorsoventral height. Its size is interme-
diate between Panochthus and Neosclerocalyptus. The anterior-
most end comprises an immobile ring formed by three fused
transverse rows of osteoderms. The dorsal side (Fig. 3E) shows
nearly circular osteoderms with centrally positioned, flat to mod-
erately excavated, subcircular main figures similar to those of the
dorsal region of carapace, and 11–12 polygonal peripheral fig-

ures that are shared by adjacent osteoderms. The osteoderms
from the ventral side (Fig. 3F) have larger, elliptical main fig-
ures with an anteroposterior major axis, except the anterior-most
osteoderms, which have more circular figures. The lateral sides
show osteoderms with large elliptical main figures with an an-
teroposterior major axis, larger than those of the osteoderms on
the ventral side. The caudal tube is remarkable in having a sin-
gle pair of lateral figures, unlike all known hoplophorines except
some species of Urotherium. Unlike most hoplophorines, the ter-
minal and lateral figures bear conspicuous, centrally positioned
conical tubercles, strikingly similar to those observed in the lat-
eral and terminal figures of Neuryurus and Panochthus (Fig. 3G).
As in this latter genus, these figures have conspicuous crest-like
margins. As in Panochthini (Castellanos, 1941), the lateral fig-
ures are proportionally larger than in other known hoplophorines
(e.g., Neosclerocalyptus, Stromaphorus) and their dorsoventral
diameter nearly matches the dorsoventral diameter of the cau-
dal tube in its corresponding position. The surfaces of the lateral
and terminal figures are pathologically affected, but they seem
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less striated than in Panochthus and Neuryurus. A punctuated
texture, smoother than in Panochthus, was also reported and fig-
ured by Winge (1915:pl. XVI) in reference to caudal tube frag-
ments collected by Lund, which are not pathologically affected.
The lateral figures are separated from the terminal ones by a
wider area than in all known hoplophorines (except Panochthus).
As in Panochthus, the opposite terminal figures are separate at
the dorsal side by a wide area, unlike Neosclerocalyptus and all
other known hoplophorines, in which they almost contact each
other. This area is occupied by two pairs of enlarged circular fig-
ures (Fig. 3H), one anterior and other posterior, somewhat sim-
ilar to the apical figures observed in Panochthus (Castellanos,
1941).

Skull—The maxillary and palatal portions of the skull are
badly damaged and both zygomatic arches are wanting (Fig. 3).
The suture among the bones of the rostral region and brain case
are not visible, indicating that the skull probably belonged to an
old individual. The rostrum as a whole is transversally expanded,
as noted by Winge (1915) and Paula Couto (1957), more than
in Panochthus and Glyptodon, but less than in Neosclerocalyp-
tus. It narrows anteriorly in dorsal view and does not present the
strongly developed pneumatized fronto-nasal sinuses observed in
Neosclerocalyptus (Zurita et al., 2005). Unlike Neosclerocalyptus,
the fronto-nasal area is slightly convex in lateral view and inclines
anteriorly, though less than in Panochthus, making the skull very
convex dorsally in lateral view. This feature is more visible in
the anterior skull fragment figured by Winge (1915:pl. 17, Fig.
2), which includes a better-preserved rostrum. The postorbital
process is well developed, anteroposteriorly compressed, and ex-
tended ventrally to form the descending lamina of the frontal. As
in Panochthus, the occipital portion of the skull is not elevated
relative to the rostral area in lateral view, unlike some species
of Neosclerocalyptus (e.g., N. ornatus) and Glyptodon. The sagit-
tal crest is relatively shorter but more marked than in Neosclero-
calyptus and much shorter than in Glyptodon. The nuchal crest
is marked and extends anteroventrally, reaching the ventrolat-
eral third of the skull. The supraoccipital region is dorsoventrally
short and anteriorly inclined, forming an angle of nearly 65◦ with
the anteroposterior plane of the skull. The external occipital crest
on the supraoccipital is less marked and sharper than in Neoscle-
rocalyptus. On either side of this crest lies a noticeable fossa for
attachment of the epaxial musculature, which is much wider than
in Neosclerocalyptus. The foramen magnum is nearly circular,
wider than high; its mediolateral width is nearly 30% the width
of the occiput. The occipital condyles are roughly triangular, with
long axes oriented mediolaterally as in Glyptodon rather than
dorsoventrally as in Panochthus; Neosclerocalyptus presents both
conditions. They project ventrally as in Neosclerocalyptus rather
than caudally as in Glyptodon and Panochthus. The mastoid pro-
cess projects less than in Neosclerocalyptus. The basicranium is
the best-preserved portion of the skull (Fig. 3F–G). The basioc-
cipital is Y-shaped, with branches diverging posteriorly to contact
the occipital condyles; its surface is moderately concave. The ba-
sisphenoid is an elongate triangle with its apex pointing anteriorly
and a strongly convex surface. At each side of the basisphenoid
there are two pronounced oblong fossae with sharp lateral mar-
gins. Just anterior to each is a conspicuous sphenorbital fissure.
In his original description of this material, Paula Couto (1957)
confused this fissure with the foramen ovale, which lies more
posteriorly. Anterolteral to the sphenorbital fissure, inside the
well-marked groove formed by the medial side of the descend-
ing lamina of the frontal, lies the optic foramen. The foramen
ovale opens posteriorly relative to the posterior root of the zygo-
matic arch, as in Panochthus, Neosclerocalyptus, and Glyptodon,
slightly anterior to the contact between the basioccipital and the
basisphenoid. The hypoglossal foramina are positioned on the
lateral side of the posterior-most portion of each basioccipital
branch, just anterior to the occipital condyles. As in Neosclero-

FIGURE 4. Palate and teeth of Hoplophorus euphractus. A, hard palate
fragment MHN 755 in ventral view; B–J, upper molariforms from left to
right, top to bottom: MHN 993, 994, 995, 996, 997, 998, 999, 1000, 1001.

calyptus and Panochthus, they are diminutive as compared to
Glyptodon.

Specimen MHN 755 (Fig. 4A) corresponds to the anterior and
largest portion of the hard palate, which is formed by the pala-
tine processes of the maxillae. The ventral surface medial to the
toothrow is marked by several foramina of different sizes, more
numerous than in Neosclerocalyptus. Anteriorly, at the level of
the alveolus of the second molariform, one pair of foramina is
much larger than the others and has pronounced sulci extend-
ing anteromedially that delimit a median triangular ventrally pro-
jected area.

Teeth—We were only able to locate 9 of the 10 isolated
teeth originally described by Paula Couto (1957) (Fig. 4B–J).
They are typically trilobate and present a ridge of osteoden-
tine along the main axis of their occlusal surface, whith ram-
ifications to each lobe. As in Neosclerocalyptus, there is no
trace of additional smaller osteodentine ramifications similar to
those observed in Glyptodon or Panochthus (Fernicola, 2008).
In all teeth, the median lobe is oblong and all lobes have ma-
jor axes oriented buccolingually. As acknowledged by Paula
Couto (1957), the identification of isolated teeth is very com-
plicated, as teeth from distinct loci are striking similar. All
teeth are morphologically closer to the upper teeth of Neoscle-
rocalyptus and Panochthus, which present a more triangular
mesial lobe. MHN 993, 994, and 997 resemble left M6–8 and
MHN 999, 1000, resemble right M6–8. MHN 995 and 1001 (left)
and MHN 996 and 998 (right), are similar to M4–5 in hav-
ing the mesial lobe more obliquely oriented and more lingually
projected.

Scapula—Both scapulae, MHN 984 (Fig. 5A, B) and 985,
lack the dorsal border. The scapular spine is well developed
proximally. The infraspinous fossa is wider than the supraspinous
fossa. As in Neosclerocalyptus and Panochthus, the caudal border
of the scapula forms an angle of less than 60◦ with the dorsoven-
tral axis of the scapular spine, unlike Glyptodon in which this
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FIGURE 5. Forelimb elements of Hoplophorus euphractus. A, left
scapula MHN 984 in lateral view; B, MHN 984 in medial view; C, right
humerus MHN 987 in cranial view; D, right humerus MHN 987 in caudal
view; E, left humerus MHN 986 in cranial view. Abbreviations: cf, coro-
noid fossa; dc, deltoid crest; dps, deltopectoral shelf; ol, olecranon fossa;
sc, supinator crest.

angle is nearly 90◦. The acromion process is well developed,
roughly triangular, and has a convex surface. Its anterodistal
border projects more ventrally than the posteroventral one and
curves strongly medially as in Neosclerocalyptus, but does not
form an elongated apophysis. The coracoid process does not
hook medially as in Neosclerocalyptus. The glenoid fossa is nearly
ovoid, with the cranial width nearly one and half times the caudal
width, differing from both Panochthus and Neosclerocalyptus, in
which the cranial width is nearly twice the caudal width.

Humerus—As in Panochthus, the humerus of Hoplophorus
(Fig. 5C–E) is more slender than in Neosclerocalyptus and
much more so than in Glyptodon. It is larger than the com-
parable element of Neosclerocalyptus but smaller than that of
Glyptodon and Panochthus. As in more primitive glyptodonts
(e.g., Propalaehoplophorus), the head is more elongated cranio-
caudally than in Glyptodon, Neosclerocalyptus, and Panochthus,
in which it is more rounded. Its neck is poorly marked as in
these genera. The bicipital groove is wider than in Glyptodon,
Neosclerocalyptus, and Panochthus. The deltopectoral shelf has
an elongated triangular shape as in Panochthus and ends near
midshaft; it comprises nearly 50% of the humeral length, which is
less than in Neosclerocalyptus (60%) but more than in Glyptodon
(40%). It narrows to a point distally much more markedly than in
Neosclerocalyptus, more like Panochthus. As in Panochthus, the

FIGURE 6. Hind limb elements, sacrum, and caudal vertebrae of Ho-
plophorus euphractus. A, right femur 988 in cranial view; B, right femur
in caudal view; C, right patella MHN 990 in cranial view; D, left patella
MHN 989 in cranial view; E, right patella MHN 990 in caudal view; F,
left patella MHN 989 in caudal view; G, caudal vertebrae MHN 1006 in
dorsal view; H, sacrum MHN 991 in dorsal view.

deltoid and pectoral crests are less marked than in Neoscleroca-
lyptus. The medial epicondyle is as developed as in Panochthus
and Neosclerocalyptus, but much less robust than in Glyptodon.
The shape and development of the lateral epicondyle is almost
identical to that observed in Neosclerocalyptus and Panochthus.
Like Panochthus and Glyptodon, the supinator crest starts dis-
tal to midshaft instead of at midshaf as in Neosclerocalyptus; it is
slightly more laterally expanded than in Panochthus and Neoscle-
rocalyptus and much more than in Glyptodon. The coronoid fossa
has a nearly triangular shape. The olecranon fossa is deep. As
in Panochthus and Neosclerocalyptus and unlike Glyptodon, a
supracondyloid foramen is present. The bone bridge above this
foramen is somewhat wider than in Neosclerocalyptus.

Femur—Only the distal half of a right femur (MHN 998; Fig.
6A–B) is preserved in the material collected in Lapa do Borges.
The preserved portion is more slender than in N. ornatus. The
supratrochlear fossa is deep and triangular as in Panochthus and
Neosclerocalyptus, unlike Glyptodon in which it is more rounded.
The medial condyle is larger and projects more distally than the
lateral; in distal view, its articular surface is triangular with its cra-
nial apex curved medially, and is roughly rounded in caudal view,
where it is more developed than in N. ornatus, as in Glyptodon.
The lateral condyle is roughly triangular and proportionally more
robust than in N. ornatus and Panochthus. The intercondyloid
fossa is wider cranially than caudally, where it is deeper.

Patella—The patella of H. euphractus (MHN 989, 990;
Fig. 6C–F) is roughly triangular and robust as in large Pleistocene
glyptodonts (e.g., Panochthus, Glyptodon). As in Glyptodon and
primitive glyptodonts (e.g., Propalaehoplophorus), its medial and
lateral proximal borders are symmetrically developed, unlike in
Panochthus and Neosclerocalyptus in which the lateral border is
much more developed and proximally projected than the medial.
The medial-most border of the proximal half forms a sharp pro-
jection, differing from Panochthus and Glyptodon in which it is
more rounded. The distal-most portion of the lateral side forms
a conical sharp projection that is not observed in Panochthus,
Neosclerocalyptus, or Glyptodon. The articular facets for the
patellar trochlea are separated by a well-developed median crest.
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FIGURE 7. Tarsal elements of Hoplophorus
euphractus. A, left astragalus MCL 21.107 in
cranial view; B, left astragalus MCL 21.107
in caudal view; C, left astragalus MCL 21.107
in distal view; D, left navicular MCL 21.108 in
proximal view; E, left navicular MHN 21.108 in
distal view; F, left navicular MCL 21.108 in lat-
eral view. Abbreviations: afc, astragalar facet;
cfc, cuboid facet; ecf, ectal facet; nfc, navicular
facet; nt, navicular tuberosity; sfc, sustentacu-
lar facet; sut, sulcus tali.

The lateral facet is proximally concave along its mediolateral axis
and distally convex; its distal-most part curves dorsally, forming a
right angle with the rest of the facet. The medial facet is concave
along its proximodistal axis and forms an angle of almost 90◦ with
the lateral one.

Astragalus—The astragalus of H. euphractus (MCL 21.107;
Fig. 7A–C) is close in overall morphology to the comparable
elements of Panochthus and Neosclerocalyptus. The trochlea is
strongly asymmetrical due to the grater development of its lat-
eral crest, which unlike in Glyptodon is more proximally pro-
jected than the lateral one; it is slightly less projected than the
lateral one in Panochthus and Neosclerocalyptus. The groove be-
tween the crests of the astragalar trochlea is as wide and deep
as in Panochthus and Neosclerocalyptus and deeper and wider
than in Glyptodon. The ectal facet is nearly flat and is triangu-
lar as in Panochthus and Neosclerocalyptus, though somewhat
more proximodistally elongated. As in Glyptodon, the sustentac-
ular facet is oblong and more proximodistally elongated than in
Panochthus and Neosclerocalyptus. It is nearly as long as the ec-
tal, as in Glyptodon, unlike both Panochthus and Neoscleroca-
lyptus in which it is much shorter than the ectal. The sulcus tali
is deeper and wider than in Neosclerocalyptus and Glyptodon,
more like Panochthus. The tuberosity for the medial collateral
ligament is as developed as in Panochthus and Neosclerocalyptus
but less than in Glyptodon. The facet for the navicular is roughly
triangular with rounded edges as in Panochthus, Neosclerocalyp-
tus, and Glyptodon. A navicular tuberosity occurs just proximal
to the dorsal border of the navicular facet; it is quite flat prox-
imodistally as in Panochthus and Neosclerocalyptus rather than
cylindrical as in Glyptodon.

Navicular—The left navicular (MCL 21.108; Fig. 7D–F)
is strongly proximodistally compressed as in Glyptodon,
Panochthus, and Neosclerocalyptus. The articular facet for
the astragalus is triangular, as in Glyptodon, Panochthus, and

Neosclerocalyptus, but shows a more elongated outline than
in these genera. The cuboid facet, which occupies most of the
lateral surface, is ovoid and, as in Glyptodon and Panochthus,
it is more mediolaterally elongated than in Neosclerocalyptus.
At the distal side, the facet for the lateral cuneiform is roughly
triangular as in Neosclerocalyptus and Panochthus but unlike
Neosclerocalyptus, it does not contact dorsally the facet for
the intermediate cuneiform. The facet for the intermediate
cuneiform is oblong as in Panochthus, Neosclerocalyptus, and
Glyptodon with its major axis oriented dorsoplantarly. The
lateral-most plantar process is lacking; the medial-most is slightly
less developed than in Neosclerocalyptus and Panochthus.

Sacrum and Caudal Vertebrae—The fragment of sacrum
(MHN 991; Fig 6H) corresponds to the two caudal-most verte-
brae strongly fused by their centra. The transverse processes of
the penultimate vertebra are weakly developed and fused with
the strongly developed processes of the last vertebra at each side,
as in Panochthus and Neosclerocalyptus, delimiting the ovoid
caudal-most sacral foramen. A sequence of eight caudal verte-
brae is preserved (MHN 1006; Fig. 6G). As in Glyptodon and
Panochthus, the hemal arches of the proximal-most vertebrae
are more dorsoventrally elongated than in the distal-most ones,
where they become shortened and more expanded craniocau-
dally. As in Panochthus and Neosclerocalyptus, the transverse
processes are narrower than in Glyptodon.

DISCUSSION

When Paula Couto (1957) diagnosed Hoplophorus, he concen-
trated on cranial and exoskeletal characters (e.g., more elongated
and narrower skull, less developed fronto-nasal sinuses, a single
pair of lateral figures in the caudal tube, and more rounded dorsal
carapace osteoderms) in order to differentiate this genus from
Neosclerocalyptus. Regarding the postcranium, he mentioned
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only the presence of a more slender humerus and femur in Ho-
plophorus. Our comparative description revealed several addi-
tional postcranial and cranial differences between Hoplophorus
and Neosclerocalyptus that reinforce the validity of the Brazilian
genus: shorter sagittal crest, deeper fossae on either side of ex-
ternal occipital crest, less marked deltoid crest of humerus, astra-
galus with wider sulcus tali and more proximodistally elongated
sustentacular facet, navicular with larger cuboid facet, and facets
for the lateral and intermediate cuneiforms not contacting dor-
sally. Moreover, the partial carapace shows a much less elongated
outline and a more convex dorsal profile relative to Neoscle-
rocalyptus. On the other hand, Hoplophorus shares several
similarities with Panochthus that are not shared with Neosclero-
calyptus, such as a more ventrally inclined nasal area and a caudal
tube with tubercle-like projections in the lateral and terminal
figures, as noted by previous authors (Winge, 1915; Hoffstetter,
1958). Additional unreported similarities include the broad
humerus, deep sulcus tali of the astragalus, more mediolaterally
elongated cuboid facet of navicular, and caudal tube with large
lateral figures separated from the terminal ones by wide spaces.

Hoplophorus was included in Hoplophorinae by Paula Couto
(1947, 1957) but he failed to give explicit reasons to support his
decision. In fact, Hoplophorus shares several cranial, postcranial
and exoskeletal characters with the better-known genera in-
cluded in this subfamily (e.g., Panochthus and Neosclerocalyptus,
as discussed above). However, despite its wide acceptance (Simp-
son, 1945; Hoffstetter, 1958; McKenna and Bell, 1997), this group
has been poorly diagnosed and has no clear synapomorphies.
Hoffstetter (1958) recognized Hoplophorinae as a large assembly
of glyptodonts sharing a greater specialization of teeth, skull,
and limb bones (as compared to the propalaehoplophorines),
absence of manual and pedal digit I, and possession of a conical-
cylindrical caudal tube. Cattoi (1966) added to this list the
presence of an anteriorly angled ascending ramus of the dentary
and absence of smaller secondary ramifications of osteodentine
in molariforms. Nonetheless, these characters are hardly diagnos-
tic, as they are also shared with non-hoplophorine glyptodonts.
Doedicurus (Doedicurinae) and Glyptodon (Glyptodontinae)
are equally or more specialized than most of Hoplophorinae
relative to the Propalaehoplophoridae (sensu Fernicola, 2008);
they both lack manual digit I and have an anteriorly angled as-
cending ramus of the dentary, and Doedicurus has a tetradactyl
pes (Ameghino, 1889; Lydekker, 1894; Paula Couto, 1979). In
addition, Glyptodon bears strongly shortened metatarsals and
lacks the supracondyloid foramen (Burmeister, 1870–74; Cattoi,
1966) which are clearly derived conditions compared to the
elongated metatarsals and developed supracondyloid foramen
present in both Hoplophorinae and Propalaehoplophoridae
(Paula Couto, 1979). The presence of secondary ramifications
of osteodentine are reported for the molariforms of Glyptodon
(Burmeister, 1874) and Doedicurus (Fernicola, 2008), but also for
hoplophorine glyptodonts (Panochthus; Fernicola, 2008). Finally,
a conical-cylindrical caudal tube is also observed in Eleutherocer-
cus (Doedicurinae), which, like most hoplophorines, also bears
enlarged lateral figures diminishing in size from its distal ex-
tremity (Castellanos, 1940). These considerations are reinforced
by the cladistic analysis of glyptodonts carried out by Fernicola
(2008); no support was found for a monophyletic Hoplophorinae,
though Hoplophorus itself was not included in the data matrix,
which was based solely on craniomandibular characters.

Based mostly on character variation in the carapace and
caudal tube, Hoffstetter (1958) tentatively subdivided Ho-
plophorinae into seven tribes (Paleohoplophorini, Plohophorini,
Panochthini, Lomaphorini, Neothoracophorini, Neuryurini, and
Hoplophorini) and placed Hoplophorus, together with Neoscle-
rocalyptus and several late Miocene to Pliocene genera (e.g., Ho-
plophractus, Eosclerocalyptus), in the tribe Hoplophorini. This
arrangement has been followed unchanged (Paula Couto, 1979)

or with slight modifications (McKenna and Bell, 1997) in latter in-
fluential systematic works. Nonetheless, there are two main rea-
sons that lead us to doubt the reliability of this arrangement. First,
the naturalness of Hoplophorini seems unconvincing, as the di-
agnostic characters Hoffstetter (1958) proposed for this group,
based mostly on the type genus “Sclerocalyptus” (= Neoscle-
rocalyptus sensu Paula Couto, 1957), have a wider distribu-
tion within Glyptodontidae, being present in other hoplophorine
tribes (e.g., development of the fronto-nasal sinuses, present in
Panochthini) or even in non-hoplophorine glyptodonts (e.g., os-
teoderm with rosette pattern, present in most Hoplophorinae
as well as in Propalaehoplophorus [Propalaehoplophorinae] and
Glyptodon [Glyptodontinae]). Second, Hoplophorus differs from
all purported Hoplophorini (sensu Hoffstetter, 1958) in hav-
ing highly distinctive caudal tube characters, including a single
pair of lateral figure, as in some species assigned to Urotherium
(Lomaphorini; Castellanos, 1926) and Doedicurus (Doedicuri-
nae; Castellanos, 1940), as well as in having strong centrally
positioned tubercle-like projections in both lateral and termi-
nal figures of the caudal tube, a character reported so far only
for Panochthini (Castellanos, 1941) and Neuryurus (Neuryurini;
Ameghino, 1889).

Phylogenetic Analysis

To evaluate the phylogenetic relationships of Hoplophorus
within Glyptodontia (sensu Fernicola, 2008), we performed a
cladistic analysis of 18 taxa scored for 151 morphological charac-
ters (Appendix 3). The characters include 84 craniodental charac-
ters from Fernicola (2008), of which 3 were originally proposed
by Gaudin and Wible (2006), and 67 postcranial characters, 46
of which are from a work by the authors on the analysis of new
Pachyarmatherium remains from northeastern Brazil (Porpino et
al., 2009) and 21 of which are new (see Appendix 2 for descrip-
tions and sources of each character). Postcranial characters were
derived and scored via direct observation of specimens and from
descriptions and figures in the literature (see Appendix 1). Forty-
four multistate characters were treated as ordered in the analy-
sis based on numerical and structural morphoclines following the
‘method of intermediates’ (Wilkinson, 1992). All characters were
weighted equally. The ingroup incorporates all glyptodonts orig-
inally employed by Fernicola (2008) plus Hoplophorus. The Ho-
plophorinae (sensu Hoffstetter, 1958) are represented by eight
well-known genera representing five of the seven tribes proposed
by Hoffstetter (1958): Panochthus (Panochthini), Plohophorus,
Pseudoplohophorus, Stromaphorus (Plohophorini), Urotherium
(Lomaphorini) Neosclerocalyptus, Hoplophorus, Hoplophrac-
tus, and Eosclerocalyptus (Hoplophorini). Perea (2005; see also
Zurita and Aramayo, 2007) considered Hoplophractus as a junior
synonym of Eosclerocalyptus based on a multivariate analysis and
argued that the cranial (e.g., the height of the choanae) and cara-
pace characters traditionally used to separate the former from
the latter would support specific rather than generic separation.
Fernicola (2008), however, noted that the height of choanae,
as well as other characters not mentioned by Perea (2005)
(e.g., number of trilobed upper molariforms), are constant in
the remaining glyptodonts and therefore a generic separation
seems valid, at least for the species here considered to rep-
resent Hoplophractus (H. tapinocephalus) and Eosclerocalyp-
tus (E. planus). Three tribes assigned to Hoplophorinae (Hosff-
stetter, 1958; McKenna and Bell, 1997), Neuryurini, Neothora-
cophorini, and Palaehoplophorini, were not included because
they are poorly known. Other included glyptodonts represent
three of the other four subfamilies recognized by Hoffstet-
ter (1958): Propalaehoplophorinae (Propalaehoplophorus, Eu-
cinepeltus), Doedicurinae (Doedicurus), and Glyptodontinae
(Glyptodon). Skull and postcrania of Glyptatelinae glyptodonts
are almost unknown (Fernicola, 2008; Croft et al., 2007) and for

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
F
e
r
n
i
c
o
l
a
,
 
J
u
a
n
 
C
a
r
l
o
s
]
 
A
t
:
 
1
5
:
0
8
 
2
2
 
M
a
y
 
2
0
1
0



920 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 30, NO. 3, 2010

that reason they were excluded from the present analysis. Fol-
lowing Fernicola (2008), we used as outgroups three dasypodids
(Eutatus, Dasypus, and Euphractus), one Pampatheriidae (Pam-
patherium), plus the enigmatic genus Pachyarmatherium (Down-
ing and White, 1995) based on recently reported material from
northeastern Brazil (Porpino et al., 2009). We believe that this ex-
panded matrix not only provides a test for the position of the Ho-
plophorus but also offers an opportunity to reevaluate the status
of Hoplophorinae/Hoplophorini based on a more comprehensive
data set. The data matrix was analyzed under the criterion of
maximum parsimony, using the branch-and-bound algorithm of
PAUP version 4.0b10∗ (Swofford, 2002). Variation within termi-
nal taxa was treated using the ‘Uncertain’ option of PAUP, which
does not take into account character state changes within termi-
nals (Swofford, 1991). We report only unambiguous synapomor-
phies (i.e., those recovered under both ACCTRAN and DEL-
TRAN optimizations). Clade support was accessed by calculat-
ing Bremer support (Bremer, 1994) and performing a bootstrap
analysis (Felsenstein, 1985) with the same settings as the original
analysis using the branch-and-bound algorithm and 1000 repli-
cates.

The analysis resulted in a single most parsimonious tree
(MPT) (tree length = 320, CI = 0.64, RI = 0.75; Fig. 8) and six
characters were considered parsimony uninformative. Regarding
the outgroups, Pampatherium is positioned as the sister group
to glyptodonts, with Pachyarmatherium as the sister group to
Pampatherium + Glyptodontia, echoing the findings of Porpino
et al. (2009). The monophyly of Glyptodontia (sensu Fernicola,
2009; node A) is supported by 36 unambiguous synapomor-
phies and has good bootstrap and Bremer values (98 and 4,
respectively). Of these 36 unambiguous synapomorphies, 29
were previously found by Fernicola (2008; 4:2, 6:1, 7:0, 9:1, 10:1,
15:2, 16:1, 19:0, 24:2, 26:1, 31: 2, 40:2, 42:1, 46:1, 48:1, 55:1, 57:1,
59:2, 61:1, 63:1, 65:2, 67:2, 68:2, 70:1, 72:2, 76:2, 79:1, 82:2, and
84:1) and 7 represent new postcranial characters: supinator
crest of humerus moderately developed, comprising 60–70% of
the width at the epicondyles (101); third trochanter of femur
positioned bellow midshaft (109); robust tuber of calcaneum
(120); fibular facet of calcaneum absent (124); presence of a
navicular tuberosity in astragalus (130); flat to convex susten-
tacular facet of astragalus (137); and ectal facet of astragalus
nearly triangular (140). Character states 4:2, 6:1, 9:1, 10:1, 15:2,
24:2, 40:2, 48:1, 55:1, 57:1, 59:2, 65:1, 67:2, 68:1, 72:2, 101:1, 109:1,
120:1, and 130:1 are synapomorphies unique to the node A.
The Propalaehoplophoridae (sensu Fernicola, 2008; node B)
are the sister group to the remaining glyptodonts (node C),
which form a well-supported clade (bootstrap: 95%; Bremer =
6) diagnosed by seven unambiguous synapomorphies: last four
lower molariforms trilobed, with triangular mesial lobe (21);
foramen ovale posterior to the glenoid fossa (36); transverse
foramen absent (37); glenoid fossa positioned by less than one
molariform length posterior to the upper toothrow (65); occipital
condyles higher than wide (81); angle between the occipital
plane and the horizontal plane of the skull <65◦ but ≥45◦ (82);
and caudal armor composed by proximal rings of osteoderms
plus distal caudal tube (146). One of the main differences of the
MPT obtained compared to the results of Fernicola (2008) is
the stability of Urotherium as the sister group to the clade (Plo-
hophorus (Doedicurus + Glyptodon)). However, this position
is supported by a single unambiguous synapomorphy (lacrimal
foramen ventrally positioned relative to the occipital condyle;
75) and has both low bootstrap and Bremer support values.

As in Fernicola (2008), our results strongly contradict the
monophyly of Hoplophorinae (sensu Hoffstetter, 1958), indicat-
ing that it is paraphyletic assemblage of glyptodonts more derived
than the Propalaehoplophoridae (sensu Fernicola, 2008) but out-
side the clade formed by Glyptodon + Doedicurus. Nonethe-
less, some subsets of taxa within this assemblage do form mono-

FIGURE 8. MPT of relationships of Glyptodontia including Hoplopho-
rus. Capital letters indicate nodes discussed in the text; numbers above
nodes are Bremer support values; bold numbers indicate bootstrap val-
ues. Tree length = 320; CI = 0.64; RI 0.75.

phyletic groups (nodes H and I), though their contents do not
match any of the tribes proposed by Hoffstetter (1958), Paula
Couto (1979), or McKenna and Bell (1997). The Hoplophorini
(sensu Hoffstetter, 1958; McKenna and Bell, 1997) is also clearly
paraphyletic, as it corresponds to node C minus Panochthus and
node L.

In the obtained topology, Hoplophorus is the sister group to
Panochthus (node I). This alliance is supported by five unam-
biguous synapomorphies: the last seven or all maxillary molar-
iforms trilobed (27); presence of conical tubercle in the lateral
and terminal figures of caudal tube (147); length of L1 >90% of
the length of terminal figure (149); terminal figures of caudal tube
clearly separated dorsally (150); and dorsoventral diameter of L1
subequal to the dorsoventral diameter of the caudal tube at its
corresponding position (151). This is an interesting result given
that Hoplophorus was previously believed to be more closely
allied to Neosclerocalyptus (Ameghino, 1889; Winge, 1915;
Hoffstetter, 1958). Neosclerocalyptus is placed as the sister group
to Hoplophorus + Panochthus in node H (Panochthidae sensu
Fernicola, 2008), which is supported by 17 unambiguous synapo-
morphies (2:3, 29:2, 31:2, 45:1, 46:3, 53:1, 54:1, 55:2, 58:1, 73:1,
77:1, 85:1, 87:1, 116:1, 117:1, 129:1, and 131:1). This position is
congruent with the stratigraphic evidence, as Neosclerocalyptus
has the oldest record (Marplatan to late Lujanian; Zurita et al.,
2005) within node H.

The phylogenetic perspective provided by our analysis helps
to clarify the evolution of some of the most peculiar exoskeletal
characters of Hoplophorus. The occurrence of a single pair of
lateral figures (character 148) in Hoplophorus and Doedicurus
was optimized in the MPT as independently acquired. Unlike
Hoplophorus, the single pair of lateral figures in Doedicurus has
a markedly depressed surface and does not show the striking
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conical tubercular projections seen in this latter genus. The
presence of a single pair of lateral figure is reported for some
species of Urotherium (U. simplex; Castellanos, 1926) but
others (U. simile) present several less-developed large figures
anterior to the largest distal one (Castellanos, 1948). Moreover,
in Urotherium this figure differs from both Hoplophorus and
Doedicurus in being smoother, and does not present either a
concave surface (as in Doedicurus) or conical tubercles (as in
Hoplophorus). The presence of a central conical tubercle in
the lateral and terminal figures (character 147) was optimized
in the MPT as a synapomorphy of node I. According, the mor-
phology of the terminal and lateral figures in Panochthus (and
other Panochthini; see Castellanos, 1941) and Hoplophorus is
strikingly similar in having a proportionally greater dorsoventral
diameter and marked crest-like edges compared to Neoscleroca-
lyptus. The presence of conical tubercles in lateral and terminal
figures also is shared with the poorly known genus Neuryurus,
which was not included in our data matrix. In fact, this character
led Lydekker (1897) to attribute a fragment of caudal tube
from Minas Gerais state housed in collection of the British
Museum to Euryurus rudis (= Neuryurus rudis). This specimen
likely belongs to H. euphractus (Winge, 1915). Despite the
shared presence of conical tubercles in the lateral and terminal
figures, Neuryurus has highly distinctive exoskeletal characters,
compared to both Hoplophorus and Panochthus; these include
a caudal tube with quadrangular to polygonal poorly attached
osteoderms with elevated main figures and carapace osteoderms
with a raised central figure surrounded by well-developed
foramina (Ameghino, 1889; Cattoi, 1966; Zurita et al., 2006)
rather than a rosette pattern as seen in Hoplophorus and most
glyptodonts, or the ornamental pattern observed in Panochthus,
comprising small, randomly distributed figures (Burmeister,
1874; Castellanos, 1941). These differences make it difficult to
establish the affinities of this genus and, consequently, to infer
whether the presence of a conical tubercle in Neuryurus is homo-
plastic or homologous relative to Hoplophorus and Panochthus.
In addition, the only cranial material attributed to this genus
(Ameghino, 1889), which would provide valuable information
on its affinities, was reassigned to Urotherium by Castellanos
(1926).

Another remarkable caudal tube feature of Hoplophorus is the
presence of two pairs of enlarged rounded figures in its poste-
rior extremity, whose topographical position nearly corresponds
to that of the apical and apex figures in Panochthus (Castellanos,
1941) and Doedicurus (Castellanos, 1940). In these latter genera,
the apical figures are positioned posterior to the posterior-most
dorsal figures and to a median posterior figure, a condition that
facilitates their identification and recognition as putative homol-
ogous features. However, the absence of these morphological de-
tails in Hoplophorus render it difficult to evaluate whether the
two pairs of rounded figures in the distal end of caudal tube of this
genus are comparable to the structures recognized in Panochthus
and Doedicurus.

The position of Hoplophorus in the MPT offers additional sup-
port for the validity of Hoplophorus as a genus distinct from
Neosclerocalyptus, corroborating in a cladistic context the ear-
lier hypothesis of Winge (1915) and Paula Couto (1947, 1957).
It is not our purpose here to revise glyptodont systematics, as
this work is being done elsewhere (see Fernicola, 2008). How-
ever, we advance here some suggestions regarding the classifi-
catory scheme being proposed, hoping that it will contribute to
its further refinement. Fernicola (2008) revalidated the subfamily
Panochthinae originally proposed by Castellanos (1927) for the
clade formed by Neosclerocalyptus and Panochthus and allocated
these genera to the tribes Neosclerocalyptini and Panochthini, re-
spectively. Based on the results of the present analysis, we pro-
pose the inclusion of Hoplophorus within Panochthinae (node I)
in the tribe Hoplophorini as the sister group to Panochthini. In

addition, we propose the allocation of Neosclerocalyptus to a new
subfamily, Neosclerocalyptinae, as the sister group to Panochthi-
nae

CONCLUSIONS

Our redescription of the material of Hoplophorus euphractus
from Lapa do Borges, complemented by the description of ad-
ditional specimens, allows a better differentiation between the
genus Hoplophorus and its close allies, especially Neoscleroca-
lyptus, in which it was originally included. Our cladistic analy-
sis corroborates the monophyly of Glyptodontia (sensu Ferni-
cola, 2008), presents new postcranial synapomorphies, and helps
to improve its internal resolution, though bootstrap and Bremer
support values for most internal nodes are still weak. Our re-
sults support the validity of Hoplophorus as a genus distinct from
Neosclerocalyptus and place Hoplophorus as the sister group to
Panochthus based on the presence of caudal tube synapomor-
phies. The topology obtained indicates that the subfamily Ho-
plophorinae (sensu Hoffstetter, 1958) is a large grade of all non-
glyptodontine and doedicurine glyptodonts more derived than
the propalaehoplophorines. Moreover, the diagnostic characters
traditionally proposed for this subfamily are unsound, as they
show a wider distribution within Glyptodontidae. Likewise, we
find no support for the monophyly of the tribe Hoplophorini
(sensu Hoffstetter, 1958). On the other hand, we propose here
the redefinition of the tribe Hoplophorini in a restricted sense to
name the lineage represented by Hoplophorus, making it the sis-
ter group of Panochthini within Panochthinae (sensu Fernicola,
2008). In addition, we propose a new subfamily, Neoscleroca-
lyptinae, represented by Neosclerocalyptus, as the sister group to
Panochthinae.
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Nopachthus y Panochthus (1a parte). Publicaciones del Instituto de
Fisiografia y Geologı́a 6:1–277.

Castellanos, A. 1940. A propósito de los géneros Plohophorus,
Nopachthus y Panochthus (2a parte). Publicaciones del Instituto de
Fisiografia y Geologı́a 8:280–414.

Castellanos, A. 1941. A propósito de los géneros Plohophorus,
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e evolução da depressão poligonal Macacos-Baú-Carste de Lagoa
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APPENDIX 1. Specimens examined and references consulted
for comparative study and cladistic analysis.

Euphractus sexcinctus: MN 4975, 4979, 4988, 4990, 4991, 4993,
23981, 24013, 51654; MACN-Ma: 45.30, 50.121, 11.24, 20.3,
20.4, 14317, 34.592, 34.714, 47.204, 299

Dasypus novemcinctus: MN 1679, 4669, 4672, 5009, 6010, 51653;
MACN-Ma: 49.391, 49.397, 49.350, 49.383, 50.123, 50.124,
39.461

Eutatus seguini: MLP 84-II-6-1, 69-VIII-22-4, 69-VIII-1-4, 69-
VIII-1-5, 69-VIII-1-8; MACN-Pv 985, 1982, 10177

Eutatus sp.: MLP 16-146, 16-221, 00-VIII-51, 42-IX-1-2, 69-VIII-
22-13

Pampatherium typum: MACN-Pv 11543/4, 11544, 11474, 11522;
MLP-81-X-30-1; MHD-P-28

Pampatherium humboldti: MCL 900/01, 900/02, 900/03, 900/04,
900/05, 900/07, 900/08, 900/87

Pachyarmatherium: MCC 379-V, 423-V, 996-V, 759-V, 760-V,
761-V, 762-V, 769-V, 783-V, 994-V, 1133-V, 1134-V

Propalaehoplophorus australis: MLP 16-15
Propalaehoplophorus minus: MACN A-4757
Propalaehoplophorus sp.: MLP 91-II-25-6; MACN A-4754, A-

7655, A-7656
Eucinepeltus petesatus: MACN A-4758 (holotype)
Eucinepeltus sp.: MLP-84-III-1-1
Eosclerocalyptus planus: MACN-Pv 4853; Cabrera (1944)
Neosclerocalyptus sp.: MACN-Pv 8773, 15151, 18107; MLP 16-28;

Zurita et al. (2005)
Hoplophorus euphractus: studied material (see text); Winge

(1915)
Hoplophractus tapinocephalus: MLP-37-III-7-7 (Holotype);

Cabrera (1944), Zurita and Lutz (2007)
Panochthus intermedius: MLP 16—37; Castellanos (1941)
Panochthus tuberculatus: MLP 16-29; Burmeister (1871-74),

Castellanos (1941)
Panochthus sp.: MACN 5130, 14998; MLP P-1 (old catalogue

number), MLP MLP 16-38; Burmeister (1871-74)
Plohophorus figuratus: MLP 16-153 (holotype); Castellanos

(1939)
Stromaphorus compressidens: MLP-29-X-8-1; Cabrera (1944)
Pseudoplohophorus absolutus: FC-DPV-475 and -595 (holotype)
Urotherium antiquus: MACN A-229-A-231
Glyptodon sp.: MACN 4, 17566, 10153, 1780
Glyptodon reticulatus: MACN 10153 and 1780
Glyptodon munizi: MACN-8706.
Doedicurus sp.: MLP 00-I-25-1 and 16-24; MACN 12572, 16295

15153, 2757, 2762; Castellanos (1940)

APPENDIX 2. List of characters and character states used in
the cladistic analysis. Characters marked with an asterisk (∗) are
ordered. Characters modified from the original source are indi-
cated. Abbreviations: LLM, last lower molariform; LUM, last up-
per molariform; L1, distal-most lateral figure of caudal tube.

(1) ∗Length of the anterior-most toothless portion of
mandible: ≥25% of the total length of mandible (0);
<25%, ≥10% of the total length of mandible (1); <10% of
the total length of the mandible (2). (Modified from Fer-
nicola, 2008, character 0).

(2) ∗Distance from the posterior border of the mandible to the
anterior border of the last lower molariform measured as
LLM length: ≥10 LLM length (0); <10, ≥3.5 LLM length
(1); <3.5, ≥2.5 LLM length (2); <2.5 LLM length (3).
(Modified from Fernicola, 2008, character 1).

(3) ∗Number of lower teeth hidden by the ascending ramus of
mandible: zero (0); one (1); two (2); three (3). (Fernicola,
2008, character 2).

(4) ∗Distance between the condyloid process of the mandible
and the posterior border of lower toothrow measured as
LLM length: ≥10 LLM length (0); <10, ≥2 LLM length
(1); <2 LLM length (2). (Modified from Fernicola, 2008,
character 3).

(5) Position of the posterior border of the intermandibular
symphysis relative to the first lower molariform: anterior
(0); posterior (1). (Fernicola, 2008, character 4).

(6) Angle between the mandibular body and the ascending ra-
mus: <90◦ (0); ≥90◦ (1). (Modified from Fernicola, 2008,
character 5).

(7) Distinct lateral ridge of the coronoid process: absent (0);
present (1). (Modified from Gaudin and Wible, 2006, char-
acter 21).

(8) ∗Position of the condylar process relative to coronoid
and angular processes: condylar closer to the angular (0);
condylar equidistant (1); condylar closer to the coronoid
(2). (Modified from Gaudin and Wible, 2006, character
22).

(9) Relative position between the posterior-most border of
the mandible and the condylar process: < width of the
condylar process (0); ≥ width of the condylar process (1).
(Modified from Fernicola, 2008, character 8).

(10) Shape of the posterodorsal portion of the angular process:
strongly concave, hooks posteriorly (0); gently concave
to convex (1). (Modified from Fernicola, 2008, character
9).

(11) ∗Depth of mandible: shallow, maximum depth of the hor-
izontal ramus <10% of the maximum mandibular length
(0); moderate, maximum depth of the horizontal ramus
≥10%, <20% of the maximum mandibular length (1);
deep, maximum depth of the horizontal ramus ≥20% of
the maximum mandibular length (2). (Gaudin and Wible,
2006 character 16).

(12) Position of mandibular foramen relative to the dorsal mar-
gin of the last mandibular dental alveolus: nearly aligned
or dorsal (0); ventral (1). (Fernicola, 2008, character 11).

(13) ∗Distance between the mandibular foramen and the poste-
rior border of the last mandibular alveolus: ≥4 LLM alve-
olus length (0); <4, ≥1 LLM alveolus length (1); <1 LLM
alveolus length (2). (Modified from Fernicola, 2008, char-
acter 12).

(14) Orientation of the condyloid process of mandible: dorsal
(0); anterodorsal (1). (Fernicola, 2008, character 13).

(15) ∗Medial projection of the mandibular symphysis: absent or
rudimentary (0); present in its ventral half (1); present in
its entire length (2). (Fernicola, 2008, character 14).

(16) Medioventral projection of the angular region of
mandible: absent (0); present (1). (Fernicola, 2008,
character 15).

(17) Marked rugosity on the lateral surface of the angular re-
gion: absent (0); present (1). (Fernicola, 2008, character
16).

(18) ∗Base of the coronoid process of mandible: <70% of the
coronoid process height (0); ≥70%, <100% of the coro-
noid process height (1); basis ≥100% of the coronoid pro-
cess height (2). (Modified from Fernicola, 2008, character
17).

(19) ∗Number of lower teeth: eight (0); nine (1); ten or more
(2). (Fernicola, 2008, character 18).

(20) Length of the lower toothrow: short, ≤50% of the total
length of the mandible (0); elongate, >50% of the to-
tal length of the mandible (1). (Modified from Fernicola,
2008, character 19).

(21) ∗Shape of the last four lower molariforms: circular or el-
liptical (0); trilobed, with circular or elliptical mesial-most
lobule (1); trilobed, with triangular mesial-most lobule (2).
(Modified from Fernicola, 2008, character 20).
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(22) Premaxillary teeth: absent (0); present (1). (Fernicola,
2008, character 21).

(23) ∗Number of maxillary teeth: seven (0); eight (1); nine (2).
(Fernicola, 2008, character 22).

(24) ∗Shape of the occlusal surface of the upper toothrow: V-
shaped with dorsal apex on all teeth but the last two teeth
(0); oblique at the first tooth and flat at the last tooth (1);
flat on all tooth (2). (Fernicola, 2008, character 23).

(25) Secondary orthodentine occlusal ramifications: absent (0);
present (1). (Fernicola, 2008, character 3).

(26) Shape of the first maxillary molariform: mesiodistal axis >
bucolingual (0); mesiodistal axis ≤ the buccolingual (1).
(Modified from Fernicola, 2008, character 25).

(27) ∗Shape of the maxillary molariforms: all elliptical (0); the
last four trilobed (1); the last five trilobed (2); the last six
trilobed (3); the last seven or all trilobed (4). (Fernicola,
2008, character 26).

(28) ∗Maximum width of the external nasal aperture (MWNA)
relative to the LUM: MWNA < lingual width between
LUM (0); MWNA ≥ lingual width between the LUM,
< buccal width between the LUM (1); MWNA > buccal
width between the LUM (2). (Modified from Fernicola,
2008, character 27).

(29) ∗Maximum width of the external nasal apertures relative
to the width between the lateral margins of the occipital
condyles: <50% (0); ≥50%, <100% (1); > width of the oc-
cipital condyles (2). (Modified from Fernicola, 2008, char-
acter 28).

(30) Shape of caudal nasal apertures: U-shaped (0); V-shaped
(1); lageniform (2). (Modified from Fernicola, 2008, char-
acter 29).

(31) ∗Width of the posterior nasal aperture: <75% of the height
(0); >75%, <100% of the height (1); width > height (2).
(Modified from Fernicola, 2008, character 30).

(32) Position of the anterior border of the squamosal relative
to the sphenorbital fissure: posterior (0); in line or anterior
(1). (Fernicola, 2008, character 31).

(33) Exposure of the ethmoid in the orbital wall: present (0);
absent (1). (Fernicola, 2008, character 32).

(34) Maxillary foramen in lateral view: completely visible (0);
partially or not visible (1). (Fernicola, 2008, character
33).

(35) Maxillary foramen in ventral view: visible (0); not visible
(1). (Fernicola, 2008, character 34).

(36) Position of the foramen ovale relative to the glenoid fossa:
in line (0); posterior (1). (Fernicola, 2008, character 35).

(37) Transverse foramen: present (0); absent (1). (Fernicola,
2008, character 36).

(38) Position of foramen ovale relative to the maxillary fora-
men: ventral or at the same level (0); dorsal (1). (Fernicola,
2008, character 37).

(39) Relative position of the ventral borders of the maxillary
and infraorbital foramina: ventral or at the same level (0);
maxillary foramen dorsal (1). (Fernicola, 2008, character
38).

(40) ∗Position of the medial wall of the infraorbital foramen
relative to the labial border of the upper toothrow: in line
or medial (0); slightly lateral (1); lateral (2). (Fernicola,
2008, character 39).

(41) Relative position of the lateral borders of the infraorbital
and maxillary foramina: infraorbital more medial (0); in-
fraorbital aligned or more lateral (1). (Fernicola, 2008,
character 40).

(42) Position of the lacrimal foramen relative to the lateral wall
of infraorbital foramen: lateral (0); in line or medial (1).
(Modified from Fernicola, 2008, character 41).

(43) Infraorbital foramen in lateral view: visible (0); not visible
(1). (Fernicola, 2008, character 42).

(44) Number of molariforms posterior to the infraorbital fora-
men: ≤5 (0); >5 (1). (Modified from Fernicola, 2008, char-
acter 43).

(45) Position of the infraorbital foramen relative to the ventral
border of the orbit: dorsal or slightly ventral (0); clearly
ventral (1). (Fernicola, 2008, character 44).

(46) ∗Development of the descending process of the zygomatic
relative to the length of the upper toothrow: poorly devel-
oped (0); developed, <60% of the total length of the upper
toothrow (1); developed, >60%, <80% of the total length
of the upper toothrow (2); strongly developed, >80% of
the total length of the upper toothrow (3). (Modified from
Fernicola, 2008, character 45).

(47) ∗Lateral side of the descending process of zygomatic arch
relative to the medial one: lateral side shorter (0); equal
(1); lateral side longer (2). (Fernicola, 2008, character
46).

(48) Shape of palate in lateral view: straight or concave (0); sig-
moid (1). (Fernicola, 2008, character 47).

(49) Shape of palate posterior to the incisive foramina: flat or
gently elevated (0); strongly elevated, partially hides the
incisive foramina (1). (Fernicola, 2008, character 48).

(50) ∗Position of the anterior border of the first maxillary alve-
olus relative to the posterior plane of the incisive foram-
ina: posterior by more than one and a half times the palatal
premaxillary width (0); posterior by more than half the
palatal premaxillary width and less than one and half times
the same width (1); in line or posterior by less than half the
palatal premaxillary width (2); clearly anterior (3). (Ferni-
cola, 2008, character 49).

(51) ∗Position of the anterior plane of the posterior nasal aper-
ture relative to the upper toothrow, measured as LUM
lengths: posterior by >2 LUM lengths (0); posterior by
>1 LUM length but <2 LUM lengths (1); anterior or pos-
terior by <1 LUM length (2). (Fernicola, 2008, character
50).

(52) Position of the anterior vascular foramina of palate rela-
tive to the anterior border of the upper toothrow: anterior
to the posterior border of the first molariform (0); poste-
rior to the first molariform (1). (Fernicola, 2008, character
51).

(53) Strong dorsoventral development of the palatal portion of
the premaxilla: absent (0); present (1). (Fernicola, 2008,
character 52).

(54) Inclination of the anterior border of premaxilla: does not
reach the upper toothrow (0); reaches the toothrow (1).
(Fernicola, 2008, character 53).

(55) ∗Position of the anterior plane of the nasals relative to the
anteroventral plane of the premaxilla: anterior (0); in line
(1); posterior (2). (Fernicola, 2008, character 54).

(56) ∗Position of the anterior border of the nasal bones relative
to the lacrimal foramen and the ventral border of the orbit:
dorsal to the lacrimal foramen (0); between the lacrimal
foramen and the ventral border of orbit (1); ventral to the
ventral border of the orbit (2). (Fernicola, 2008, character
55).

(57) Position of the posterior plane of the nasals relative to the
lacrimal foramina: anterior (0); posterior (1). (Fernicola,
2008, character 56).

(58) Position of the septal process of nasal relative to the ante-
rior border of nasals: at the level or posterior (0); anterior
(1). (Fernicola, 2008, character 57).

(59) ∗Ratio of length of rostrum to width between the lacrimal
foramina: >1.5 (0); ≥1, <1.5 (1); <1 (2). (Modified from
Fernicola, 2008, character 58).

(60) Position of the ventral border of pterygoid relative to the
last upper molariform: medial to the labial border of the
last upper molariform (0); in line or lateral to the labial
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border of the last upper molariform (1). (Fernicola, 2008,
character 59).

(61) Rugose portion of pterygoid or pterygoid + alisphenoid:
ends posteriorly to the last upper molariform (0); ends at
the level of the last molariform (1). (Fernicola, 2008, char-
acter 60).

(62) ∗Separation between the insertion scars of the rectus capi-
tis: widely separated (0); gently separated (1); in contact
with a medial crest (2). (Fernicola, 2008, character 61).

(63) ∗Position of the glenoid fossa relative to the occipital
condyle: dorsal (0); at the same level (1); ventral (2). (Fer-
nicola, 2008, character 62).

(64) Ratio of mediolateral width/anteroposterior length of the
glenoid fossa: <2 (0); ≥2 (1). (Modified from Fernicola,
2008, character 63).

(65) ∗Position of the glenoid fossa relative to the upper
toothrow: posterior by more than eight molariform lengths
(0); posterior by more than two molariform lengths (1);
posterior by more than one molariform length and less
than two (2); posterior by less than one molariform length
(3). (Fernicola, 2008, character 64).

(66) Position of the posterior border of the zygomatic relative
to the glenoid fossa: at the same level (0); anterior (1).
(Fernicola, 2008, character 65).

(67) Shape of the zygomatic-squamosal suture in lateral view:
straight (0); L-shaped (1); S-shaped (2). (Fernicola, 2008,
character 66).

(68) ∗Orientation of the long axis of the jugal-squamosal su-
ture: anteroventral (0); ventral (1); posteroventral (2).
(Modified from Fernicola, 2008, character 67).

(69) Position of the lateral plane of the zygomatic process of
squamosal relative to the lateral plane of the lacrimal: in
line or medial (0); lateral (1). (Fernicola, 2008, character
68).

(70) Dorsal superposition jugal/squamosal in lateral view: ab-
sent (0); present (1). (Fernicola, 2008, character 69).

(71) Sagittal crest: absent or poorly developed (0); present (1).
(Fernicola, 2008, character 70).

(72) ∗Descending laminae of frontal: absent (0); present, not
ventrally developed (1); present, ventrally developed (2).
(Fernicola, 2008, character 71).

(73) Orientation of the descending laminae of frontal relative
to the anteroposterior axis of skull: <45◦ (0); ≥45◦ (1).
(Modified from Fernicola, 2008, character 72).

(74) Position of the posterior-most plane of frontal relative to
the glenoid fossa: anterior or in line (0); posterior (1). (Fer-
nicola, 2008, character 73).

(75) ∗Position of lacrimal foramen relative to the occipital
condyle: dorsal (0); at the same level (1); ventral (2). (Fer-
nicola, 2008, character 74).

(76) ∗Position of the lacrimal foramen: closer to the palate (0);
nearly midway between the palate and the dorsal side of
skull (1); closer to the dorsal side of skull (2). (Fernicola,
2008, character 75).

(77) Position of the lacrimal foramen relative to the anterior
edge of the orbit: outside the orbit (0); inside the orbit (1).
(Fernicola, 2008, character 76).

(78) ∗Bone surface dorsal to the lacrimal foramen: smooth (0);
irregular and strongly punctuated (1); conical and strongly
developed (2). (Fernicola, 2008, character 77).

(79) ∗Zygomatic process of frontal: absent or rudimentary (0);
well developed (1); strongly developed (2). (Fernicola,
2008, character 78).

(80) Shape of orbit: rectangular (0); U-shaped (1); circular (2).
(Fernicola, 2008, character 79).

(81) Width of the occipital condyles: width = height or width >
height (0); width < height (1). (Fernicola, 2008, character
80).

(82) ∗Angle between the occipital plane and the horizontal
plane of the skull: ≥80◦ (0); <80◦, ≥65◦ (1); <65◦, ≥45◦

(2); <45◦ (3). (Modified from Fernicola, 2008, character
81).

(83) Ratio of postorbital minimum width of skull relative to the
width between the lateral margins of occipital condyles:
<1.2 (0); ≥1.2 (1). (Modified from Fernicola, 2008, char-
acter 82).

(84) Occipital crest: absent or ends at the dorsal third of occipi-
tal (0); ends at the ventral third of occipital (1). (Fernicola,
2008, character 83).

(85) Neural process of atlas: poorly developed (0); well-
developed (1). (Porpino et al., 2009, character 1).

(86) Separation between the atlantal foramina of atlas: narrow,
<50% of the maximum transverse diameter of the atlas
(0); wide, >50% of the maximum transverse diameter of
the atlas (1). (Porpino et al., 2009, character 7).

(87) Shape of the neural canal of the atlas: dorsal half wider (0);
ventral half wider (1); nearly isodiametric (2). (Porpino et
al., 2009, character 4).

(88) Lateral edge of the transverse process of atlas in dorsal
view: projected laterally beyond the lateral borders of the
articular facet for the occipital condyles (0); nearly aligned
with the lateral borders of the articular facet for the occip-
ital condyles (1). (Porpino et al., 2009, character 9).

(89) ∗Position of the transverse foramen of atlas relative to the
neural canal: inside the canal (0); lateral, closer to the
canal than to the basis of the transverse process (1); lat-
eral, nearly midway between the canal and the basis of the
transverse process (2); lateral, closer to the basis of the
transverse process than to the canal (3). (Porpino et al.,
2009, character 8).

(90) Position of the transverse foramen of atlas relative to the
articular facet for the axis: dorsally (0); dorsolaterally (1).
(Modified from Porpino et al., 2009, character 2).

(91) Orientation of the major axis of the articular facet for the
axis: mediolateral (0); dorsoventral (1). (Porpino et al.,
2009, character 3).

(92) Ventral projections of the transverse process of atlas:
present (0); absent (1). (Porpino et al., 2009, character 5).

(93) Angle between the caudal border of scapula and the
dorsoventral axis of the scapular spine: <90◦ (0); nearly
90◦ (1).

(94) Shape of the humeral head: elongated craniocaudally (0);
nearly rounded (1).

(95) Lesser tuberosity of humerus: well-developed (0); moder-
ately or poorly developed (1). (Porpino et al., 2009, char-
acter 13).

(96) Humeral tuberosity for the m. teres major: absent (0);
present (1).

(97) Lateral edge of the capitulum of humerus: forms a crest for
articulation with the lateral facet of the proximal epiphysis
of the radius (0); does not form a crest (1). (Porpino et al.,
2009, character 9).

(98) Shape of the distal end of the deltopectoral shelf of
humerus: rounded (0); narrows to a point distally (1).
(Porpino et al., 2009, character 10).

(99) Length of the deltopectoral shelf of humerus: long, ≥50%
of the total length of the humerus (0); short, <50% of the
total length of the humerus (1). (Porpino et al., 2009, Char-
acter 11).

(100) Coronoid fossa of humerus: absent or poorly demarcated
(0); deep (1). (Porpino et al., 2009, character 12).

(101) ∗Supinatory crest of humerus: poorly developed, maxi-
mum humeral width at the greatest lateral extension of
the supinatory crest <60% of the maximum width at the
epicondyles (0); moderately developed, width at the great-
est lateral extension of the supinatory crest 60–70% of the
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maximum width at the epicondyles (1); well developed,
width at the greatest lateral extension of the supinatory
crest >70% of the maximum width at the epicondyles (2).
(Porpino et al., 2009, character 12).

(102) Distal-most portion of the medial malleolus of radius in
cranial view: extending distally relative to the distal end of
the lateral malleolus (0); at the same level relative to the
distal end of the lateral malleolus (1). (Porpino et al., 2009,
character 17).

(103) Position of the greater trochanter of femur: projected
above the level of head (0); at nearly the same level or just
below the level of head (1). (Porpino et al., 2009, character
18).

(104) Orientation of the greater trochanter of femur: parallels
the major axis of femur (0); laterally oriented (1). (Porpino
et al., 2009, character 25).

(105) Orientation of the head of femur: medially oriented (0);
proximally oriented (1). (Porpino et al., 2009, character
24).

(106) Shape of lesser trochanter of femur: tubercle continued by
a crest extending distally; (0); tubercle without a crest ex-
tending distally (1). (Porpino et al., 2009, character 21).

(107) Position of lesser trochanter relative to the head of femur
in medial view: lesser trochanter strongly projected cau-
dally (0); lesser trochanter nearly aligned with head (1).
(Porpino et al., 2009, character 23).

(108) Cranial depression between the head and greater
trochanter of femur: absent or poorly defined (0); clearly
demarcated (1). (Porpino et al., 2009, character 26).

(109) ∗Position of the third trochanter of femur: slightly above
or near midshaft (0); just below midshaft (1); displaced
to the distal end (2). (Porpino et al., 2009, character
19).

(110) Suprapatellar fossa of femur: absent or very shallow (0);
deep (1). (Porpino et al., 2009, character 20).

(111) Relative development of the crests of patellar surface of
femur: nearly symmetrical (0); asymmetrical, medial crest
strongly projected cranially (1). (Porpino et al., 2009, char-
acter 22).

(112) Extension of the tibial crest of tibia-fibula: reaching the
midshaft distally (0); extending distally beyond midshaft
(1). (Modified from Porpino et al., 2009, character 27).

(113) ∗Transverse diameter of the proximal end of tibia-fibula:
narrow, <35% of total length of the tibial portion of tibia-
fibula (0); intermediate, 35–50% of total length of the tib-
ial portion of tibia-fibula (1); wide, >50% of total length of
the tibial portion of tibia-fibula (2). (Porpino et al., 2009,
character 29).

(114) Transverse diameter of the proximal epiphysis of tibia-
fibula relative to the transverse diameter of its distal epiph-
ysis: proximal < distal (0); proximal > distal (1). (Porpino
et al., 2009, character 30).

(115) Distal border of the lateral malleolus of tibia-fibula: nearly
at the same level of distomedial border (0); projected dis-
tally beyond the distomedial border (1). (Porpino et al.,
2009, character 28).

(116) Shape of the ectal facet of calcaneum: oblong (0); nearly
triangular (1). (Porpino et al., 2009, character 31).

(117) Major axis of ectal facet: 45◦ relative to the long axis of
calcaneum (0); <45◦ relative to the long axis of calcaneum
(1). (Porpino et al., 2009, character 32).

(118) Interarticular sulcus between the astragalar facets of cal-
caneum: shallow (0); deep (1). (Porpino et al., 2009, char-
acter 34).

(119) Groove for the calcaneal tendon of the m. gastrocnemius:
elongated and narrow (0); short and wide (1). (Porpino et
al., 2009, character 37).

(120) Shape of the tuber of calcaneum: thin, maximum width
<60% of the length (0); robust, maximum width >60%
of the length (1). (Porpino et al., 2009, character 44).

(121) Neck of calcaneum: long, length of the neck/total length
≥ 1.5 (0); short, length of the neck/total length < 1.5 (1).
(Porpino et al., 2009, Character 33).

(122) Peroneal tubercle of calcaneum: absent or rudimentary
(0); present, well-developed (1). (Porpino et al., 2009,
character 36).

(123) ∗Transverse width of calcaneum at the level of astragalar
facets: narrow, <50% of total length (0); wide 50–60% of
total length (1); very wide, >60% of total length (2). (Por-
pino et al., 2009, character 38).

(124) Fibular facet of calcaneum: absent (0); present (1). (Por-
pino et al., 2009, character 39).

(125) Length between the dorsal border of cuboid facet and the
distal margin of ectal facet of calcaneum: short, <45% of
the total length of calcaneum (0); long, 45–55% of total
length of calcaneum (1). (Porpino et al., 2009, character
40, modified).

(126) ∗Calcaneal groove for the tendon of m. peroneous brevis:
absent (0); present, poorly developed (1); present, well-
developed (2). (Porpino et al., 2009, character 41).

(127) Sustentaculum of calcaneum: thin, dorsoplantar diameter
<50% of the transverse diameter (0); robust, dorsoplantar
diameter >50% of the transverse diameter (1). (Porpino
et al., 2009, character 42).

(128) Shape of the end of sustentacular process of calcaneum:
sharp (0); rounded (1). (Porpino et al., 2009, character 43).

(129) Transverse diameter of the cuboid facet of calcaneum: ≤
dorsoventral diameter (0); > dorsoventral diameter (1).
(Porpino et al. 2009, character 35).

(130) Navicular tuberosity of astragalus: absent (0); present (1).
(131) Crests of astragalar trochlea: lateral crest gently higher or

nearly at the same level (0); lateral crest much higher than
the medial one (1).

(132) Shape of sustentacular facet of astragalus: oblong (0);
nearly circular (1).

(133) Proximomedial tuberosity of astragalus: poorly developed
(0); well developed (1).

(134) Groove between the mediodistal edge of the sustentacu-
lar facet and the plantar edge of the navicular facet of the
astragalus: present (0); absent (1).

(135) Relative position between the mediodistal edge of the me-
dial trochlear crest and the proximomedial edge of the
navicular facet of astragalus: in line (0); clearly dorsal (1).

(136) Relative position of the proximal edges of ectal and sus-
tentacular facets of astragalus: proximal edge of the ectal
facet higher (0); at the same height (1).

(137) Sustentacular facet of astragalus: concave (0); flat to
slightly convex (1).

(138) ∗Height at the medial portion of astragalus: high, >90%
of the maximum width of astragalus (0); intermediate,
<90%, >80% of the maximum width of the astragalus (1);
short, <80% of the maximum width of astragalus (2).

(139) ∗Astragalar neck: long (0); short (1); very short (2).
(140) Shape of ectal facet of astragalus: oblong (0); nearly trian-

gular (1).
(141) Proximodistal length of the ectal facet relative to the sus-

tentacular facet: nearly equal (0); ectal clearly longer than
the sustentacular (1).

(142) Navicular articular facet for the plantar sesamoid: present
(0); absent (1). (Porpino et al., 2009, character 45).

(143) Shape of the navicular facet for the cuboid: short, dorso-
plantar diameter < twice proximodistal diameter (0); elon-
gated, dorsoplantar diameter > twice proximodistal diam-
eter (1). (Porpino et al., 2009, character 46).
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(144) Shape of the navicular facet for the astragalus: lageniform
(0); nearly triangular, with rounded edges (1). (Porpino et
al., 2009, character 47).

(145) Position of the navicular facet for the lateral cuneiform:
perpendicular to the facets for the intermediate and me-
dial cuneiforms (0); parallels the facets for the intermedi-
ate and medial cuneiforms (1). (Porpino et al., 2009, char-
acter 48).

(146) Composition of caudal armor: formed by rings of osteo-
derms exclusively (0); rings plus well-developed caudal
tube (1).

(147) Conical tubercle in the lateral and terminal figures of cau-
dal tube: absent (0); present (1).

(148) Number of lateral figures of caudal tube: ≥2 (0); 1 (1).
(149) ∗Length of L1 relative to the length of terminal figure of

caudal tube: length of L1 <90% of the length of terminal
figure (0); length of L1 >90%, <100% of the length of ter-
minal figure (1); length of L1 > length of terminal (2).

(150) Terminal figures of caudal tube: contact or nearly contact
each other dorsally (0); clearly separated dorsally (1).

(151) Dorsoventral diameter of L1: clearly < the dorsoventral
diameter of caudal tube at its corresponding region (0);
nearly matches the dorsoventral diameter of the caudal
tube at its corresponding position (1).

APPENDIX 3. The scoring of the 151 characters for the 17 ter-
minal taxa used in phylogenetic analysis. States marked with a
question mark are missing and with N are inapplicable; polymor-
phic character states within a single taxon are represented by A
(0/1), B (1/2) and C (2/3).

Dasypus
0000000000 0000000000 00A0?00000 0100100100
000000?000 0000020000 0210000000 00N0010000
0001000000 0000100100 0000000000 0000000000
0001010000 0000000000 000000NNNN N
Eutatus
0121001200 1011000110 0020?00100 001110AA01
10A000?000 2000020?00 0200101010 00N0020201
0000000010 00?0000000 0000000100 001000??10
0101100000 0?0001010? ?0??00NNNN N
Euphractus
2111101200 1011001121 0110?00000 0A10000001
000000?001 2100020010 010010AA10 00N0100102
0000000000 0000000000 0000000101 0100001010
0100100110 0000000010 100000NNNN N
Pampatherium
2221101100 2121101111 1111002210 0011000A01
101000?002 1110010011 0101110010 1100010101
0000111110 0000100100 0001101101 1???000100
0001011100 0001100100 0?0?00NNNN N
Pachyarmatherium
?????????? ?????????? ?????????? ??????????
?????????? ?????????? ?????????? ??????????
????101010 01?0110010 0001101100 0110000000
100102000? ?????????? ?0000????? ?
Propalaehoplophorus
2222110211 2121210101 1012011112 1111000112
1110011103 210011??21 1211212111 1200120B11
010A1?1??0 0000100110 1001101?10 1?110???01
11?00211?1 0111001111 1??1?0??NN N

Eucinepeltus
?C2?11???? 2???21??0? 1012011112 1111000102
1110011103 2100111??1 1211212111 1200120211
?101?????? ?????????? ?????????? ??????????
?????????? ?????????? ?????0NNNN N
Glyptodon
1232110211 2121200201 2012104211 1111011112
11A1022112 2100111021 10B1312110 1200B20112
0300012121 1111111111 2111111021 1021000111
1020121101 0010110220 011110NNNN N
Doedicurus
1222110211 2121200201 2012A03210 1111011112
11A103B103 2100111021 0221312111 120?220122
0300012121 1111101110 2111111021 102?100101
1120021101 0000000220 0111110100 0
Plohophorus
?????????? ?????????? ??120?3??0 1?11011112
10110??1?? 21???????? ?1113???1? 1200220201
1300?????? ?????????? ?????????? ??????????
?????????? ?????????? ?????10000 0
Urotherium
??3?1????? ????2????? 2012004210 1111011112
101102?10? 21?0?1??21 ??B1312111 0200220201
1201?????? ?????????? ?????????? ??????????
?????????? ?????????? ?????10A00 0
Panochthus
1332110211 2121200201 2012104220 2111011112
1001132102 21112B1121 1BA13???1? 0211A21B21
1310111121 1001101101 2111111021 11?1111101
1110021111 1101001121 1101111021 1
Neosclerocalyptus
1332110211 2121200201 2012003220 2111011112
10A1132112 2111201121 1B11312111 A21AA21211
A211111121 1001110101 2001101021 1121111101
1110021111 1101001121 1101110000 0
Pseudoplohophorus
?232110211 2121210201 2012013210 1?11011112
1011022102 210011??21 12113???1? ?20?120211
1301?12121 1??010?1?? ?????????? ??????????
?????????? ?????????? ?????10000 0
Eosclerocalyptus
?????????? ?????????? ?012012210 2111011112
1011010102 210011??21 1?113???1? 120?120211
12010?2?21 10???????? ?????????? ??????????
?????????? ?????????? ?????10000 0
Hoplophractus
??3??????? ?12??1???? 2012013210 1111011112
11100??10? 2100?1???1 12113???1? 1200120211
??010?1110 0?????1??0 ??1110??11 ?????00?0?
11?002?1?1 0010001111 0????10000 0
Stromaphorus
?22211???1 212?210?01 201?0?CB10 1111011112
11100??10? 2100111?21 1211312111 1200?2011?
1201?????? ?????????? ?????????? ??????????
?????????? ?????????? ?????10020 0
Hoplophorus
?????????? ?????????? ????004??? ???10111?2
??1?1??1?? ?1???????? ?20?????1? 12100??211
0201?????? ??00101101 21?1????21 ??????????
?????????1 1001101121 0111111111 1
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