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ARTICLE

THE MOST COMPLETE KNOWN NEOGENE GLYPTODONTIDAE (MAMMALIA,
XENARTHRA, CINGULATA) FROM NORTHERN SOUTH AMERICA: TAXONOMIC,
PALEOBIOGEOGRAPHIC, AND PHYLOGENETIC IMPLICATIONS

ALFREDO E. ZURITA,*! LAUREANO R. GONZALEZ RUIZ? ARLEY J. GOMEZ-CRUZ?
and JOSE E. ARENAS-MOSQUERA*
ICentro de Ecologia Aplicada del Litoral (CECOAL-CONICET), Ruta 5, km. 2.5, 3400, CC 128 Corrientes, Argentina,
azurita@cecoal.com.ar;

Laboratorio de Investigaciones en Evolucién y Biodiversidad (LIEB), Universidad Nacional de la Patagonia ‘San Juan Bosco’
sede Esquel (UNPSJB), Ruta Nacional 259, km 16.5, 9200, Esquel, Chubut, Argentina, gonzalezlaureano@yahoo.com.ar;
*Departamento de Ciencias Geoldgicas, Universidad de Caldas, Calle 65 No. 26-10, Manizales, Caldas, Colombia,
arley.gomez@ucaldas.edu.co;

“Museo Geoldgico Nacional José Royo y Gémez, Servicio Geoldgico Colombiano, Diagonal 53, 34-53, Bogot4, D.C., Colombia,

jarenas@ingeominas.gov.co

ABSTRACT—The knowledge of northern South American Glyptodontidae (Mammalia, Xenarthra, Cingulata) is very scarce
compared with that of southern South American taxa, which have been systematically studied since the 19th century. Recently,
the northern taxa (originally assigned to the Glyptodontidae Propalachoplophorinae Asterostemma and Propalaehoplopho-
rus) have been reinterpreted as basal Glyptodontinae, belonging to the new genus Boreostemma. In this contribution, we
present and describe the most complete Neogene Glyptodontidae from northern South America (middle Miocene of the
Honda Group, La Venta, Colombia), and its main taxonomic, paleobiogeographic, and phylogenetic implications. This new
material expands the morphological characterization of B. acostae and corroborates differences compared with Glyptodon-
tidae from Miocene southern South America. A cladistic analysis corroborates the monophyly of the Glyptodontinae, that
B. acostae and B. venezolensis being the sister group of the remaining taxa of Glyptodontinae. The traditionally recognized
genera (e.g., Glyptodon and Glyptotherium) constitute natural groups. Whereas the Miocene seems to represent a diversifica-
tion period for Glyptodontidae in southern South America, the recorded taxa in northern South America are restricted with

certainty only to the Glyptodontinae Boreostemma.

INTRODUCTION

Until some years ago, most of the knowledge of late Paleo-
gene and Neogene Cingulata Glyptodontidae came from south-
ern South America (ca. 48°-20°S), especially from the Pampean
and Patagonian regions of Argentina (Ameghino, 1889, 1902;
Lydekker, 1894; Gonzéilez, 2010a, 2010b; Gonzalez Ruiz et al.,
2011) and Chile (Croft et al., 2007), where this clade had been
systematically studied since the 19th century (see, among oth-
ers, Ameghino, 1887a, 1889; Lydekker, 1894; Scott, 1903-1904;
Scillato-Yané, 1986).

This situation contrasted with the knowledge of northern
South America Glyptodontidae (ca. 11°N-5°S), which, until re-
cently, was restricted to the contributions of Royo y Goémez
(1945), Simpson (1947), De Porta (1962, 1969), Villarroel (1983),
Carlini et al. (1997), and Villarroel and Clavijo (2005). These
glyptodonts, which came mostly from the middle Miocene
of Colombia and Venezuela, were traditionally linked to the
southern South American Glyptodontidae Propalaehoplophori-
nae, as belonging to the genera Asterostemma Ameghino, 1889
(A. venezolensis Simpson, 1947, A.? gigantea Carlini, Vizcaino,
and Scillato-Yané, 1997, and A. acostae Villarroel, 1983), and
Propalaehoplophorus Ameghino, 1887a (De Porta, 1962). How-
ever, the morphological differences between both groups of
Glyptodontidae raised some questions about the real relationship
between them (Villarroel, 1983:30; Carlini et al., 1997:223).

*Corresponding author.

In this scenario, a new analysis of the northern South Ameri-
can Glyptodontidae (see Carlini et al., 2008a; Carlini and Zurita,
2010; Zurita et al., 2011a), originally classified as Asterostemma
spp. and Propalaehoplophorus, has shown that these glyptodonts
do not belong to the southern South American Propalacho-
plophorinae, because they are currently interpreted as basal
Glyptodontinae, belonging to the new genus Boreostemma
Carlini et al., 2008a. This hypothesis is congruent with most of the
middle Miocene Xenarthra from northern South America (espe-
cially those from the Honda Group, La Venta, Colombia), which
show noticeable taxonomic differences from the Miocene forms
from southern South America (Carlini et al., 1997; Villarroel,
1998, 2000).

The two species of Boreostemma from the middle Miocene
of Honda Group, La Venta, Colombia, are B. gigantea (coming
from La Victoria Formation) and B. acostae (from La Victoria
and Villavieja formations). Both species were previously known
only by their type materials and isolated fragments.

In addition to ‘Asterostemma,’ Carlini et al. (1997) and
Villarroel and Clavijo (2005) recognized the presence of
two species of middle Miocene Glyptodontidae Glyptatelinae
in Colombia: Neoglyptatelus originalis and N. sincelejanus.
The Glyptatelinae are known from the late Paleogene (late
Eocene-late Oligocene) in Patagonia and Bolivia (Scillato-Yané,
1977; Carlini et al., 2005), and then in the early Neogene
(middle to late Miocene) of Colombia, Uruguay, and Brazil
(Vizcaino et al., 2003; Cozzuol, 2006) but not in the Patagonian
Neogene.
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The goals of this contribution are (1) to present and describe
the most complete known Neogene Glyptodontidae in northern
South America; (2) to expand the morphological characteriza-
tion of B. acostae; (3) to establish a detailed comparison with
Glyptodontidae from the Miocene of southern South America
in order to differentiate them; and (4) to provide new evidence
linking this new material to the subfamily Glyptodontinae.

MATERIALS AND METHODS

The chronological and biostratigraphic schemes used in this
work correspond to those proposed by Flynn and Swisher (1995),
Cione and Tonni (2005), and Croft et al. (2009). The system-
atics partially follows Hoffstetter (1958), Paula Couto (1979),
McKenna and Bell (1997), and Fernicola (2008).

All the values included in tables are expressed in millimeters
(mm), with an error range of 0.5 mm. Measurements smaller than
150 mm were taken with ‘vernier’ calipers; measurements greater
than this value were taken using an anthropometric spreading
caliper. The description and terminology for osteoderms follow
mainly Zurita (2007) and Krmpotic et al. (2009). Details on the
cladistic analysis used are given in the Phylogenetic Analysis sec-
tion. Linear measurements are provided in Table 1. Appendix 1
shows the specimens of Glyptodontidae used in the cladistic anal-
ysis. Appendix 2 shows the characters and character states of the
matrix.

Most of the comparison with Miocene glyptodonts is per-
formed with Santacrucian Propalachoplophorinae, because ‘Fri-
asian’ and Chasicoan glyptodonts are still poorly characterized,
mainly on the basis of isolated osteoderms and fragments of
the caudal armor. Nevertheless, a few interesting considerations
can be drawn when comparing some ‘Friasian’ Palachoplophorini
with northern taxa.

Institutional Abbreviations—AMNH, American Museum of
Natural History, New York, U.S.A.; AMU-CURS, Colecciéon
de Paleontologia de Vertebrados de la Alcaldia de Urumaco,
Estado Falcon, Venezuela; CAL, Coleccion Paleontoldgica,
Centro de Museos, Universidad de Caldas, Manizales, Caldas,
Colombia; Ctes-PZ, Paleozoologia Corrientes, Facultad de Cien-
cias Exactas y Naturales y Agrimensura, Universidad Nacional
del Nordeste, Corrientes, Argentina; FC-DPV, Departamento
de Paleontologia de la Facultad de Ciencias, Universidad de la
Reptblica, Montevideo, Uruguay; ICN-P, Instituto de Ciencias
Naturales, Universidad Nacional del Colombia, Bogotd D.C.,
Colombia (Vertebrate paleontological collections currently in
Departamento de Geociencias, Facultad de Ciencias, Univer-
sidad Nacional de Colombia, Sede Bogotd, Colombia); IGM,
Museo Geoldgico Nacional, Servicio Geoldgico Colombiano
(formerly INGEOMINAS), Bogota D.C., Colombia; LIEB-PV,
Laboratorio de Investigaciones en Evoluciéon y Biodiversidad,
Universidad Nacional de La Patagonia ‘San Juan Bosco,” Sede
Esquel, Argentina; MACN, Seccién Paleontologia Vertebrados,
Museo Argentino de Ciencias Naturales ‘Bernardino Rivadavia,’
Buenos Aires, Argentina; MCA, Museo de Ciencias Natu-
rales ‘Carlos Ameghino,” Mercedes, Buenos Aires, Argentina;
MCL-PUC/MG, Museu de Ciéncias Bioldgicas da Pontificia
Universidade Catolica de Minas Gerais, Belo Horizonte, Brazil,
MCN, Museo de Ciencias de Caracas, Caracas, Venezuela;
MHD-P, Museo Histérico Departamental de Artigas, Artigas,
Uruguay; MLP, Divisién Paleontologia Vertebrados, Facultad
de Ciencias Naturales y Museo, Universidad Nacional de La
Plata, La Plata, Argentina; MMP, Museo Municipal de Ciencias
Naturales de Mar del Plata ‘Lorenzo Scaglia,” Buenos Aires,
Argentina; MPEF, Museo Paleontolégico ‘Egidio Feruglio,’
Colecciéon Paleontologia de Vertebrados (PV), Trelew, Ar-
gentina; SGO PV, Vertebrate Paleontology collections, Museo
Nacional de Historia Natural, Santiago, Chile; YMP, Yale
Peabody Museum of Natural History, Princeton University Col-
lection (PU), Yale University, New Haven, Connecticut, U.S.A.;

UCMP, University of California, Museum of Paleontology,
Berkeley, California, U.S.A.; USNM, National Museum of Nat-
ural History, Smithsonian Institution, Washington, D.C., U.S.A.

Other Abbreviations—M, m, upper and lower molariforms, re-
spectively; n/n, without official catalog number.

CRONOSTRATIGRAPHY AND GLYPTODONTIDAE
PALEOFAUNAL CONTEXT IN SOUTHERN
SOUTH AMERICA

The ‘Friasian’ age includes four successive middle Miocene
mammal faunas: the Friasian s.s. (ca. 16.5 Ma), Colloncuran
(ca. 15.7 Ma), Laventan (ca. 11.8-13.5 Ma), and Mayoan (ca.
11.8 Ma), placed between the early Miocene Santacrucian (ca.
17.5-16 Ma) and the late Miocene Chasicoan (ca. 9.2 Ma) ages
(Kraglievich, 1930; Flynn and Swisher, 1995; Madden et al., 1997,
Schultz et al., 2004). From a chronostratigraphic point of view,
there is an evident hiatus between the Colloncuran and Mayoan
faunas in Patagonia (Madden et al., 1997, Gonzélez Ruiz et al.,
2011), which is partially represented by the Laventan fauna in
Colombia.

According to Gonzélez (2010a, 2010b), the Glyptodontidae
species recognized for the Santacrucian age in Patagonia are the
Propalaehoplophorinae Propalachoplophorus australis Amegh-
ino, 1887a, P. minus Ameghino, 1891, Cochlops muricatus
Ameghino, 1889, C.? debilis Ameghino, 1891, Metopotoxus?
Anceps Scott, 1903-1904, and Eucinepeltus petesatus Amegh-
ino, 1891. In the ‘Friasian’ age, the species recognized include
Eonaucum colloncuranum Scillato-Yané and Carlini, 1998
(Glyptodontidae incertae sedis), Propalaechoplophorus informis
Roth, 1899 (Propalaechoplophorinae), Palachoplophoroides rothi
Scillato-Yané and Carlini, 1998 (Palachoplophorini), Palaeho-
plophorus meridionalis Ameghino, 1904 (Palachoplophorini),
and Paraeucinepeltus raposeirasi Gonzalez-Ruiz, Scillato-Yané,
Zamorano, Zurita, and Tegedor, 2011 (Glyptodontidae incertae
sedis). In addition, Rusconi (1946) described Asterostemma
barrealense from late early Miocene of San Juan Province
(Argentina) (Lopez et al., 2011) and Croft et al. (2007) recog-
nized Parapropalaehoplophorus septentrionalis (Glyptodontidae
incertae sedis) in the late early Miocene of Chile. In turn,
there are no species recognized for the Chasicoan, except some
mentions corresponding to Glyptodontidae ‘Hoplophorinae’
indet, Palachoplophorini, gen. et sp. indet., Plohophorini, gen.
et sp. indet., and Hoplophorini (= Sclerocalyptini), gen. et sp.
indet. (Bondesio et al., 1980).

To summarize, the Glyptodontidae from northern South
America (Glyptodontinae) are absent in the southern South
America (Patagonian) Miocene. It is remarkable that there is
only one modern record of Glyptodontinae (Glyptodon clavipes)
(Ameghino 1900-1902; Parodi, 1930) in the Quaternary of Patag-
onia, but this represents an immigration of northern forms.

SYSTEMATIC PALEONTOLOGY

Magnaorder XENARTHRA Cope, 1889
Order CINGULATA Illiger, 1811

Suborder GLYPTODONTIA Ameghino, 1889

Superfamily GLYPTODONTOIDEA Gray, 1869
Family GLYPTODONTIDAE Gray, 1869
Subfamily GLYPTODONTINAE Gray, 1869
Genus BOREOSTEMMA Carlini, Zurita, Scillato-Yané,
Sanchez, and Aguilera, 2008
BOREOSTEMMA ACOSTAE (Villarroel, 1983)
(Figs. 1, 2)

Asterostemma? acostae Villarroel, 1983:30, figs. 2-4.

Holotype—ICN-P-225-1, a fragment of dorsal carapace be-
longing to the left lateral region (Fig. 2A).
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FIGURE 1. Complete specimen of Boreostemma acostae CAL-896. Scale bar equals 10 cm.

J

FIGURE 2. A, fragment of dorsal carapace belonging to the left lat-
eral region ICN-P-225-1 (holotype); B, skull and mandible CAL-896 in
left lateral view and C, dorsal view; D, right hemimandible UCMN 40198
in oclusal view and E, lateral view; F, cephalic armor in dorsal view; G,
cephalic region of the dorsal carapace CAL-896; H, middle region; I, cau-
dal region; J, complete caudal armor; K, detail of the caudal ring. Scale
bars equal 10 cm.

Geographic and Stratigraphic Provenance—La Venta, Huila,
Colombia. Monkey Beds Unit, Baraya Member, Villavieja For-
mation (Figs. 3, 4).

Referred Material —CAL-896 (almost complete specimen,
consisting of skull, mandible, cephalic armor, dorsal cara-
pace, and caudal armor; see Description); ICN-P-225-2, IGM
p2114/1, 2, IGM p2116/1-8, IGM p2143/1-3, IGM p2107/1-10,
IGM 2242, IGM p809901, IGM p182739, IGM p182781, IGM
p182786, IGM p182924, IGM p182963, IGM p183018, IGM
p183023, IGM p183031, IGM p183042, IGM p183090, IGM

TABLE 1. Linear measurements (in mm) of Boreostemma acostae.

Boreostemma
acostae

Element (CAL-896)
Skull

Total length 195.05

Maximum transverse diameter between 56.40

zygomatic arches

Anteroposterior diameter of zygomatic arch 51.54

Dorsoventral diameter of zygomatic arch 37.22

Height of narial aperture 27.32

Transverse diameter of narial aperture 35.63

Transverse diameter of postorbital region 44.07
Mandible

Total length 173.19

Anteroposterior diameter of ascending ramus at 63.57

alveolar level

Dorsoventral diameter of ascending ramus 101

Length of the symphysis 64.15

Height of the horizontal ramus at level of m1 32.50

Height of the horizontal ramus at level of m4 50.44

Height of the horizontal ramus at level of m6 55.51
Cephalic armor

Maximum transverse diameter 109.99

Anteroposterior diameter 79.85
Carapace

Total length 770

Anteroposterior length along dorsal curvature 922
Caudal armor

Total length 443
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Fossil Remains

M IGM p182786, IGM p182781.

K IGM p183947, IGM p809901.

I ICN-P-225-1, IGM p183764, IGM p183654,
IGM p183241, IGM p183238, IGM p183155,
IGM p183090, IGM p183042, IGM p183031,
IGM p183023, IGM p183018, IGM p182924.

G IGM p184256, IGM p183982, IGM p183782.

E IGM p183910, IGM p183908.
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C IGM p182963.
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FIGURE 3. Stratigraphic profile of the Honda Group (La Victoria and Villavieja formations) showing the provenance of the holotype ICN-P-225-1
of Boreostemma acostae and referred materials. (Modified from Guerrero, 1987.)

p183155, IGM p183228, IGM pl183238, IGM pl183241, IGM
p183273, IGM p183801, IGM p183813, IGM p184256, IGM
p183910, IGM p183982, IGM p184088, IGM p184197, IGM
p182887, IGM p183382, IGM p184094, IGM p182677 (numer-
ous osteoderms of the dorsal carapace and caudal armor);
IGM p183625, IGM p183764, IGM p183654, IGM p183315,

IGM pl183935 (six osteoderms and other indeterminate
remains); IGM pl183265 (left hemimandible, three os-
teoderms and a fragment of femur); IGM p183782 (one
molariform, fragments of mandible, and other indeterminate
remains); IGM p183307 (three osteoderms of the caudal rings
and three molariforms); IGM p183908 (fragment of femur and
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FIGURE 4. Location map showing the locality where CAL-896 was found.

Geological base simplified from Guerrero (1997).

partial mandible); IGM p253101 (five associated osteoderms and
partial mandible); UCMP 38039 (skull and mandible).

Stratigraphic Provenance of the Referred Material—La Victo-
ria Formation and the lower section of the Villavieja Formation,
Baraya Member (see Flynn et al., 1997; Guerrero, 1997) (Fig. 3).
Figure 4 shows the geographic and stratigraphic provenance of
the best-preserved specimen (CAL-896).

Diagnosis—From Villarroel (1983:32). Osteoderms of the dor-
sal carapace slightly larger than those of Asterostemma vene-
zolensis Simpson. Exposed surface of the central figures of
the dorsal and dorsolateral osteoderms flat or convex, whereas
the osteoderms located in the margins have a flat central fig-
ure: the diameter of each peripheral figure, considered in isola-
tion, represents on average between 40% and 50% of the diame-
ter of the adjacent central figure; the mandibular posterior teeth
are narrow and trilobate; furthermore, each one of them is differ-
ent from the other two.

Emended Diagnosis—Glyptodontidae larger than the south-
ern South American Propalaehoplophorinae, more similar in size
to Boreostemma venezolensis; dorsal carapace composed of 29
transversal rows of osteoderms; sulci that delimit the central and
peripheral figures more marked (wider and deeper) and more
angular than those of Propalaechoplophorinae and ‘Hoplophori-

nae’ Hoplophorini; osteoderms of the lateral region of the dor-
sal carapace with the central figure displaced toward its posterior
border; each osteoderm bears a maximum of 12 peripheral fig-
ures; the rostral area of the skull very anteroposteriorly extended,
showing a morphology similar to that observed in Cingulata Pam-
patheriidae; ventral half of the descending process of the maxillae
evidently less dorsoventrally elongated than that of Propalaeho-
plophorinae, with its main axis in an angle of about 90° with re-
spect to the palatal plane; M1-m1 lobate; caudal armor composed
of eight caudal rings, ending in a very short caudal tube.

DESCRIPTION
Skull

The skull is almost complete and slightly laterally compressed
(Fig. 2B, C). Its general morphology is very different from that
of Propalaehoplophorinae species, in which the skull is known
(Propalaehoplophorus australis, P. minus, Cochlops muricatus,
C.? debilis, Eucinepeltus petesatus, and Metopotoxus? anceps).
The dorsal profile is clearly convex, with the rostral area located
at a lower level with respect to the posterior half of the skull.
This morphology is similar to that observed in C.? debilis and
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M.? anceps. In lateral view (Fig. 2B), the zygomatic arch and the
upper half of the descending process of the maxillae are clearly
much more robust than those of Propalachoplophorinae species
but similar in its almost straight ventral margin.

Compared with Propalachoplophorinae species, the ventral
half of the descending process of the maxillae shows a unique
morphology. It is evidently less dorsoventrally elongated, with its
main axis located in an angle of about 90° with respect of the
palatal plane (Fig. 2B). This is different from that known in all
Glyptodontidae, in which the ventral half of the descending pro-
cess of the maxillae is curved posteriorly. The orbital notch is
dorsoventrally elongated (Fig. 2B), similar to that of E. petesatus,
and different from that of P. australis and C. debilis, in which the
ventral margin of the orbital notch constitutes a ‘V,” whereas in B.
acostae and E. petesatus this ventral margin is evidently rounded.
As in all Propalaehoplophorinae, the orbit is posteriorly opened.
The rostral area located ahead of the orbitals is more elongated
than that observed in all Propalaehoplophorinae (Fig. 2B, C).

In dorsal view (Fig. 2C), the sagittal crest diverges posteriorly
at the level of half of the zygomatic arches, like in P. australis,
P. minus, E. petesatus, and M.? anceps. In the other species of
Propalaehoplophorinae (C. muricatus and C.? debilis), the mor-
phology of the sagittal crest is not well known because that area
is not well preserved or is covered by the cephalic shield. In this
view, the orbital notch is evidently much more anteroposteriorly
elongated than that known in all Propalaechoplophorinae. Unlike
that observed in all Propalachoplophorinae, the rostral area lo-
cated in front of the orbitals is more elongated, showing a mor-
phology similar to that observed in Cingulata Pampatheriidae
(e.g., Pampatherium Ameghino, 1875). In fact, in B. acostae, this
rostral area shows a very primitive morphology, different from
that observed in the remaining Glyptodontidae.

In frontal view, the nares have the same morphology as those
of Propalaechoplophorinae, with a typical ‘cordiform’ shape.

It is not possible to observe this skull in ventral and occipital
view in the specimen CAL-896, because the sediment that fills
it does not allow the separation of the skull from the mandible.
However, the specimen UCMP 38039 shows a lobation starting
at M1/m1 level. This is clearly different from that observed in the
Propalaehoplophorinae and P. septentrionalis, in which the labial
lobation begins at m3-m4.

Mandible

In lateral view (Fig. 2D, E), the ascending ramus of the
mandible is much less robust than that of P. australis, because
this structure is not so anteroposteriorly elongated; in addition,
the symphysis area in P. australis is more steeply inclined than
in B. acostae. The mandible differs notably from that of Para-
propalaehoploprus septentrionalis because in this taxon the as-
cending ramus is in an angle of 90° with respect to the horizontal
ramus. Compared with E. petesatus, C. muricatus, and P. minus,
the ventral margin of the mandible in B. acostae is more convex,
similar to that of the Pleistocene genus Glyptodon Owen, 1839.

Only the three first molarifoms (m1-m3) are visible in CAL-
896. They differ from those of the southern South American
Propalaehoplophorinae and P. septentrionalis, in which the well-
defined labial trilobation of the molariforms occurs from m3 or
m4 to m8. In contrast, in B. acostae, the lobes are less rounded
and the m2 is fully trilobate labially. The m1 differs from those of
all Propalaheoplophorinae because it is anteroposteriorly elon-
gated and its lingual and labial margins show a small, marked lo-
bation, whereas in Propalaehoplophorinae this molariform is el-
liptical or subcircular; the m2 shows a well-differentiated triloba-
tion, especially in its lingual side, whereas in Propalachoplophori-
nae this molariform is simple or bilobated, without evidence of
lobation; m3 shows an evident trilobation in both margins, and
is morphologically different from that of Propalaechoplophorinae
because the anterior and posterior borders of the first and third

lobes, respectively, are pointed, whereas in Propalachoplophori-
nae those margins are rather rounded.

Cephalic Armor

The cephalic armor is complete, and composed of 26 articu-
lated osteoderms with rough surface (Fig. 2F). The most evident
difference is that in B. acostae all the osteoderms are similar in
size. By contrast, in all Propalaehoplophorinae the central osteo-
derms are much larger than those located at the margins of the
cephalic armor.

The morphology of the exposed surface of each osteoderm
is very different from that of Propalaehoplophorinae, and thus
more similar to that of the Pleistocene genus Glyptodon and B.
pliocena. Each osteoderm has a large, elevated central figure that
occupies more than 90% of the exposed surface of the osteo-
derm. Surrounding this central figure, there are some poorly de-
veloped peripheral figures, with three to nine large foramina. In
P. australis and probably in C.? debilis (see Scott, 1903-1904),
the exposed surface of the osteoderms is smoother, with greater
peripheral figures, resembling a ‘rosette’ pattern ornamentation,
similar to that observed in the dorsal carapace; in contrast, the
cephalic armor of E. petesatus is composed of a smaller num-
ber of osteoderms (11-15), with a convex surface that shows a
very rough evident central depression; in addition, there is no evi-
dence of peripheral figures (Scott, 1903-1904). Finally, the known
osteoderms of Paraeucinepeltus raposeirasi are much larger and,
like Eucinepeltus, very convex, without any evidence of ornamen-
tation; however, the complete cephalic armor is still unknown
(Gonzalez-Ruiz et al., 2011).

Dorsal Carapace

The dorsal carapace is broken in its midline, with the left side
in a very good state of preservation, and is composed of 29 trans-
verse rows of osteoderms (Fig. 1). In contrast, in the most com-
plete Propalaechoplophorinae, P. minus, the number of transverse
rows of osteoderms may vary between 27 transverse bands in
the lateral margins to 19-20 in the median dorsal line (Scott,
1903-1904)

The dorsal profile is convex, and similar to that of B. vene-
zolensis and the Pleistocene Glyptodontinae Glyptodon munizi
Ameghino, 1881 (see Soibelzon et al., 2006). In addition, the
exposed surface of the osteoderms is clearly much rougher and
the sulci that delimit the central and peripheral figures are more
marked and more angular than those of Propalachoplophori-
nae and ‘Hoplophorinae’ Hoplophorini, similar in this way to
Glyptodon Owen, 1839 (Fig. 2G-I).

The osteoderms that constitute the caudal notch have a cen-
tral figure that is posteriorly displaced, surrounded by only three
to four proximal peripheral figures without peripheral accessory
figures, a morphology very similar to that seen in the other taxa
of Glyptodontidae Glyptodontinae (see Gillette and Ray, 1981;
Zurita et al., 2011a, 2011c); this is clearly different from that ob-
served in P. australis, P. minus, C. muricatus, and Neoscleroca-
lyptus Paula Couto, 1954, in which those osteoderms show a large
number of peripheral figures (up to nine), also located in the lat-
eral margins of the osteoderms; in addition, it is possible to ob-
serve some peripheral accessory figures in the limit between two
osteoderms. In B. acostae, the morphology of the second row of
osteoderms is very similar to the osteoderms of the caudal notch
(Fig. 21), whereas in the southern South American Propalaeho-
plophorinae, those osteoderms (except those located near the lat-
eral margin) are completely surrounded by a series of peripheral
figures, which acquire a typical ‘rosette’ pattern of ornamentation
almost identical to the rest of the dorsal carapace.

Anteriorly, the osteoderms of the central-dorsal region of the
carapace are six-sided and become larger (in fact the largest
ones), surrounded by 9-10 peripheral figures (exceptionally 11)



Downloaded by [Laureano Gonzalez Ruiz] at 10:29 07 May 2013

702 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 33, NO. 3, 2013

(Fig. 1), whereas in P. australis and C. muricatus the number of
peripheral figures can be up to 13-14.

Towards the margins of the dorsal carapace, the osteoderms of
B. acostae show a very primitive pattern, almost unique among
Glyptodontidae, very similar to that of Boreostemma venezolen-
sis and Glyptatelinae; in fact, the morphology observed re-
sembles that of Parapropalaehoplophorus septentrionalis. In B.
acostae and B. venezolensis, the exposed surface of the osteo-
derms is rougher and the sulci that divide the central and periph-
eral figures are more marked than in Parapropalaehoplophorus
septentrionalis; in addition, the osteoderms of B. acostae have a
more developed peripheral figures and reduced posterior figures
(Fig. 2H, I) (absent in Parapropalaehoplophorus; see Croft et al.,
2007). The number of peripheral figures in the lateral margins
ranges between seven and four, similar to that observed in B.
venezolensis, whereas in Propalaechoplophorinae it is possible to
observe up to 10 peripheral figures.

In B. acostae, towards the dorsal region of the dorsal carapace,
the central figures of the osteoderms are surrounded by a
complete series of peripheral figures. In this region, the main
difference with B. gigantea is that in this taxon the sulci of the
osteoderms are less marked.

The most anterolateral region of the dorsal carapace bears the
smallest osteoderms, with a clear Glyptatelinae ornamentation
pattern; each osteoderm is five-sided, whereas the central figure
is surrounded by three to four peripheral figures (Fig. 2G); this
morphology differs in Propalaehoplophorinae, in which the os-
teoderms of this region are mostly four-sided with an increased
number of peripheral figures (four—six).

Caudal Armor

The caudal armor is complete, and composed of eight articu-
lated caudal rings and a very short caudal tube (Fig. 2J), showing
a primitive morphology among Glyptodontidae, resembling that
of Glyptotherium Osborn, 1903, and Glyptodon. The morphology
of this caudal armor differs from that known in the Miocene
southern South American Glyptodontidae. Each caudal ring is
composed of two rows of osteoderms with different morphology.
The osteoderms of the proximal row are four- to five-sided,
clearly anteroposteriorly elongated; its proximal articular half
shows the typical morphology of that of Glyptodontidae, whereas
the distal half is somewhat convex. In turn, the osteoderms of the
distal row are five-sided and have a more isodiametric shape, and
some of them have a small, ‘spine-like’ structure on its posterior
border (Fig. 2K). This particular structure is also present (al-
though much more developed) in late Neogene and Quaternary
Glyptodontidae Glyptodontinae. None of the osteoderms of both
rows present any kind of ornamentation in their exposed surface,
except the first row of the most proximal caudal ring, in which it
is possible to observe in its posterior section a five-sided central
figure. In contrast, in Palaehoplophoroides rothi and Palaeho-
plophorus meridionalis (‘Hoplophorinae’ Palaehoplophorini),
and in C. muricatus (Propalachoplophorinae), the caudal armor
is characterized by the presence of a series of caudal rings
followed by a rigid caudal tube (although is much less developed
in C. muricatus); in turn, in E. petesatus and P. raposeirasi,
each osteoderm that constitutes the caudal rings shows a series
of proximal peripheral figures surrounding a central figure,
resembling a Glyptatelinae pattern (see Scillato-Yané, 1977).

PHYLOGENETIC ANALYSIS

To evaluate the monophyly of Glyptodontinae within
Glyptodontidae, and the phylogenetic relationship of Bore-
ostemma acostae with respect to the other recognized taxa of the
subfamily, we performed a cladistic analysis. The matrix includes
18 taxa and 26 morphological characters (Appendix 1). The char-
acters include six from the skull and dentition, one from the

cephalic armor, 13 from the dorsal carapace, five from the cau-
dal armor, and one from the appendicular skeleton (Appendix
2). All the characters were scored via direct observation of the
specimens and treated as unordered and equally weighted char-
acters. The phylogenetic trees were rooted with the subfamily
Pampatheriidae (Pampatherium humboldtii (Lund, 1839)), cur-
rently interpreted as the closest sister taxa to the Glyptodon-
tidae. The taxa of the outgroup represent three of the five
subfamilies recognized by Hoffstetter (1958): (1) Propalaeho-
plophorinae (P. australis, Cochlops muricatus and Eucinepeltus
petesatus); (2) Doedicurinae (Doedicurus clavicaudatus Owen,
1847); and (3) ‘Hoplophorinae’ Hoplophorini (Neosclerocalyp-
tus paskoensis Zurita, 2002, and Hoplophorus euphractus Lund,
1839), Plohophorini (Pseudoplohophorus absolutus Perea, 2005),
and Panochthini (Panochthus tuberculatus (Owen, 1845)); within
Hoplophorinae, the tribes Palachoplophorini, Lomaphorini, and
Neuryurini were excluded from the analysis because of the scarce
knowledge of these taxa, most of which are restricted to iso-
lated osteoderms of the dorsal carapace and/or fragments of
the caudal armor (see Hoffstetter, 1958; Paula Couto, 1979;
Zurita and Ferrero, 2009). The ingroup includes the subfamily
Glyptodontinae (Boreostemma venezolensis, B. acostae, Glyp-
totherium texanum Osborn, 1903, G. arizonae Gidley, 1926,
Paraglyptodon uquiensis Castellanos, 1953b, Glyptodon munizi,
and G. reticulatus Owen, 1845). The species Glyptodontidium
tuberifer Cabrera, 1944, Boreostemma gigantean, and B. plio-
cena Carlini et al., 2008a, were excluded from the analysis be-
cause these taxa are characterized mainly on the basis of their
osteoderms; additionally, it is important to remark that several
taxa traditionally linked to Glyptodontinae (Neothoracophorus
Ameghino, 1889, Pseudothoracophorus Castellanos, 1951, Bore-
ostracon Simpson, 1929, Chlamydotherium Lund, 1839, and Het-
eroglyptodon Roselli, 1976) actually represent juvenile specimens
of the Pleistocene genera Glyptodon and Glyptotherium (see
Oliveira et al., 2010; Zurita et al., 2011c). Finally, Glyptatelinae
and the Glyptodontidae incertae sedis Parapropalaheoplophorus
septentrionalis (see Croft et al., 2007) were also excluded because
of their poor characterization.

The character-taxon matrix (Appendix 3) was analyzed via ‘im-
plicit enumeration’ using “TNT,” under the criterion of maximum
parsimony (Goloboff et al., 2008). The analysis resulted in one
most parsimonious tree (tree length [TL]: 34; consistency index
[CI]: 0.941; retention index [RI]: 0.973). Clade support was ac-
cessed via relative Bremer support (from 578 trees; see Bremer,
1994; Goloboff and Farris, 2001), in addition to a bootstrap anal-
ysis using the option ‘implicit enumeration’ with 1000 replicates.

In the topology obtained (Fig. 5), a basal polytomy can be ob-
served among P. australis, a large clade composed of taxa that
have their records limited to southern South America (except the
Pleistocene genus Panochthus, which is also recorded in north-
western areas), and another that includes the Glyptodontinae.
The southern South American clade is supported by two synapo-
morphies (6:2; 22:1). Eucinepeltus appears as the sister taxon of
the remaining taxa; this clade is supported by one synapomorphy
(21:1). This is congruent with the original proposal of Ameghino
(1889), Porpino et al. (2010), and Fernicola and Porpino (2012),
because the evolution of the caudal tube is in this contribution in-
terpreted as unique evolutionary event; the Santacrucian species
Cochlops muricatus is positioned as the sister group of the clade
composed of P. absolutus + D. clavicaudatus + N. paskoensis
+ H. euphractus + P. tuberculatus (20:1; 23:1). The relationship
among P. absolutus, D. clavicaudatus, and the Panochthini and
Hoplophorini cannot be solved. In turn, the clade composed by
N. paskoensis, H. euphractus, and P. tuberculatus is supported by
three synapomorphies (0:1; 6:1; 25:1). In agreement with Ferni-
cola (2008) and Porpino et al. (2010), N. paskoensis is located as
the sister group of the clade formed by P. tuberculatus and H.
euphractus (12:2;23:2; 24:1).
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FIGURE 5. Phylogeny of Glyptodontinae based on TNT analysis of 26 osteological characters in 18 taxa (TL: 34; CI: 0.941; RI: 0.973). The numbers
above each node represent bootstrap values; numbers in bold show relative Bremer support.

The other main clade is composed of the subfamily Glyptodon-
tinae (sensu Carlini et al., 2008b; Zurita et al., 2011a), which
is supported by five synapomorphies (9:1; 10:0; 11:0; 12:1; 22:2).
All the genera traditionally recognized emerge as natural groups.
The clade composed of Boreostemma acostae + B. venezolensis is
supported by two synapomorphies (8:1; 13:1) and is positioned as
the sister group of the remaining Glyptodontinae (P. uquiensis +
Glyptodon munizi + G. reticulatus + Glyptotherium texanum +
G. cylindricum + G. mexicanum + G. arizonae). Interestingly, in
this clade it is possible to observe two natural groups, one com-
posed of the South American forms (P. uquiensis + Glyptodon
spp.) (5:1; 16:1) (Glyptodontini sensu Castellanos, 1951), and
the other composed of the North American taxa (Glyptotherium
spp.; Glyptotherini sensu Castellanos, 1953a) (14:1; 19:1). Within
the South American clade, the Pliocene species P. uquiensis is
located as the sister group of the Pleistocene genus Glyptodon,
G. munizi and G. reticulatus (3:1; 4:1). In turn, within the North
American clade, the Pliocene species Glyptotherium texanum is
located as the sister group of the Pleistocene species of Glyp-
totherium (17:1; 18:1). However, the relationship among these
species cannot be solved. This may be the result of a complex
taxonomic situation in which it is possible that some species are
synonymous (Carranza-Castafieda and Gillete, 2011).

DISCUSSION

Southern versus Northern South American
Neogene Glyptodontidae

Among Glyptodontidae, the most primitive osteoderm or-
namentation pattern in the dorsal carapace seems to be
that present in the Glyptatelinae Glyptatelus (late Eocene),
Clypeotherium Scillato-Yané, 1977 (late Oligocene), and Neo-
glyptatelus Carlini, Vizeaino, and Scillato-Yané, 1997 (middle
Miocene-Pleistocene), and in the Glyptodontidae incertae sedis
Parapropalaehoplophorus (early Miocene) (Ameghino, 1902;
Scillato-Yané, 1977; Carlini et al., 1997; Villarroel and Clavijo,
2005; Croft et al., 2007). As mentioned previously, this pattern is
constituted by a main figure that is displaced towards its posterior
border, so the few peripheral figures are present only in the lat-

eral and distal margins of each osteoderm; in addition, there are
no accessory peripheral figures (Scillato-Yané, 1977). This mor-
phology is very similar to that present in most Cingulata Dasypo-
didae (e.g., Dasypus Linnaeus, 1758).

In this context, the ‘rosette’ pattern ornamentation (which is a
central figure surrounded by a complete series of peripheral fig-
ures) appears in the Glyptodontidae Propalachoplophorinae in
the Patagonian region of Argentina from, at least, late Oligocene
(Scillato-Yané, 1977). Compared with the ‘Glyptatelinae’ pat-
tern, this morphology is clearly more derived, because there are
many peripheral figures, with the presence of some lateroanterior
accessories, whereas the main figure is located in the central area
of the exposed surface of the osteoderm.

As pointed out by Fernicola (2008) and Gonzalez-Ruiz et al.
(2011), taking into account that most of the lineages were already
differentiated in the late Miocene, the early to middle Miocene
(23.03-11.608 Ma) (International Commission on Stratigraphy,
2010) periods constitute a key interval in the diversification of
Glyptodontidae. However, the paleontological evidence suggests
that, whereas in southern South America the middle Miocene
could have represented a diversification period for Glyptodon-
tidae, in northern South America the situation was very differ-
ent, because the only Glyptodontidae recorded during the mid-
dle Miocene-late Pleistocene interval are Glyptodontinae (and
probably Glyptatelinae, but see Porpino et al., 2009).

In agreement with this hypothesis, Cozzuol (2006) reported
some Glyptodontidae taxa of the Acre region (Brazil) (Huay-
querian age; ca. 9 Ma). These include Plohophorus Ameghino,
1887b, Paraglyptodon, Neoglyptatelus, and Asterostemma. Al-
though it is reasonable to find Paraglyptodon, Asterostemma
(= Boreostemma), and Neoglyptatelus, it is possible that the iden-
tification of Plohophorus is incorrect, because the first record of
the genus corresponds to the Montehermosan Age (ca. 6.8-3.9
Ma) of the Pampean region of Argentina (see Scillato-Yané
et al., 1995). In fact, this particular paleobiogeographic sce-
nario could have persisted until the late Pleistocene, because
the most frequently (and almost the only glyptodont) recorded
are the Glyptodontinae Glyptodon and Glyptotherium (see Car-
lini et al., 2008b; Zurita et al., 2009). The only other Pleistocene
taxa recorded is the genus Panochthus, but it is restricted to the
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Atlantic regions of South America (Porpino et al., 2004; Zurita
et al., 2009).

In contrast with this situation, in the same gap (Huayque-
rian age), the diversity of Glyptodontidae in southern areas
comprises almost all the known main lineages: ‘Hoplophorinae’
(Hoplophorini, Palachoplophorini, Panochthini, Plohophorini,
Neuryurini) and Doedicurinae (Cabrera, 1944; Paula Couto,
1979; Carlini and Scillato-Yané, 1999).

In this paleobiogeographical context, the remains of Neogene
Glyptodontidae from middle latitude in South America are al-
most unknown (see Marshall and Sempere, 1991; Scillato-Yané
and Carlini, 1999; Antoine et al., 2007; Tejada et al., 2011), in-
cluding a possible Propalachoplophorinae, Propalaehoplophorus
andinus Frailey, 1988. A taxonomic revision of these remains is
needed.

In this scenario, B. acostae shows a unique combination
of derived and primitive characters. The morphology of the
osteoderms of the lateral region of the dorsal carapace is very
primitive, similar to that of Glyptatelus, Clypeotherium, and
Parapropalaehoplophorus, but with some differences. Compared
with Parapropalaehoplophorus, the osteoderms of B. acostae
show deeper and wider sulci, with the lateral peripheral figures a
little better developed, whereas the main figure is more angular,
as observed in all Glyptodontinae. In turn, Glyptatelus and
Clypeotherium have some conspicuous foramina that are not
present in B. acostae. At the level of the skull, the high level
of lobulation of the molariforms in B. acostae is remarkable,
whereas the overall form of the skull seems to be very primi-
tive, similar to that of the Pampatheriidae Pampatherium, the
sister group of the Glyptodontidae clade (Porpino et al., 2010).
Another remarkable character is the lobulation of the first
molariform tooth, unique among Neogene Glyptodontidae; in
fact, in the most derived Pleistocene forms, only Panochthus and
the Glyptodontinae Glyptodon and Glyptotherium share this
character (see Burmeister, 1870-1874; Gillette and Ray, 1981;
Soibelzon et al., 2006). On the other hand, the caudal armor pre-
serves a very primitive morphology, typical of Glyptodontinae;
this contrasts with the southern taxa, in which the presence of
a well-developed caudal tube is already observed in the middle
Miocene Palachoplophorini (ca. 12.2-11.8 Ma).

The presence of primitive characters in Boreostemma among
Glyptodontidae could be correlated with its geographical origin,
because it is proven in Xenarthra that taxa of intertropical ori-
gin tend to retain a large number of primitive characters (e.g.,
Eremotherium Spillman, 1948; Holmesina Simpson, 1930; Sceli-
dotheriinae Ameghino, 1904; Carlini et al., 1997; Carlini and Zu-
rita, 2010; Mifio-Boilini, 2012; Gois et al., 2012).

CONCLUSIONS

The description and comparison of this new material assigned
to B. acostae with southern forms (especially Propalacho-
plophorinae and ‘Hoplophorinae’ Palaehoplophorini and
Hoplophorini) corroborate the noticeable morphological
differences between both groups.

Boreostemma acostae shows a combination of primitive and de-
rived characters. The cladistic analysis supports the monophyly of
Glyptodontinae within Glyptodontidae, whereas Boreostemma is
located as the sister group of the remaining taxa of Glyptodonti-
nae. In turn, the genera Glyptodon and Glyptotherium appear as
monophyletic groups.

The evidence indicates that most of the main lineages of
Glyptodontidae have their oldest records in southern areas of
South America, except Glyptodontinae, whose oldest records
came from northern South America. Interestingly, it is probable
that Glyptodontinae were the only Glyptodontidae participat-
ing in the Great American Biotic Interchange (GABI), because
Pachyarmatherium is currently interpreted by some authors as a
non-Glyptodontidae.

This particular paleobiogeographic pattern seems to persist
until the late Pleistocene because the Glyptodontidae most fre-
quently recorded in northern areas are Glyptodontinae. In ad-
dition to Glyptodontinae, the only other taxon recorded is the
Panochthini Panochthus, but restricted to the Atlantic coast of
South America.
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APPENDIX 1. Specimens examined and references consulted
for comparative study and cladistic analysis.

Boreostemma acostae: ITCNUNC P-225-1 (Type); UCMP
38039; CAL-896; Villarroel (1983).

Boreostemma gigantea: 1IGM 250928 (Type); Carlini et al.
(1997).

Boreostemma pliocena: AMU-CURS 158 (Type); Carlini et al.
(2008b).

Boreostemma venezolensis: FM 39574 (Type); Simpson (1947).

Clypeotherium magnum: MLP 61-1V-11-76; Scillato-Yané
(1977).

Cochlops? debilis: MACN A 4752 (Type); YMP PU 15592.

Cochlops muricatus: MACN A 1036-1039, MACN 2121,
MACN 2113; YMP PU 15331.

Eucinepeltus petesatus: MACN A 4758, and 4760 (Type);
MPFE Pv-1383.

Glyptodon munizi: MMP 3985; Soibelzon et al. (2006).

Glyptodon reticulatus: MCA 2015 and 2017; Zurita et al.
(2010).

Glyptodontidium tuberifer: MLP 29-X-8-3 (Type); Cabrera
(1944).

Glyptotherium arizonae: USNM 10536 (Type); AMNH 21808;
Gillette and Ray (1981).

Glyptotherium cylindricum: AMNH 15548 (Type); MCN n/n;
Gillette and Ray (1981).

Glyptotherium texanum: AMNH 1074 (Type); Gillette and
Ray (1981).

Metopotoxus? anceps: YMP PU 15612 (Type).

Neoglyptatelus sincelejanus: IGM p174925 (JC 529454 A1-4);
Villarroel and Clavijo (2005).

Neosclerocalyptus paskoensis: Ctes-PZ 5879 (Type); Zurita
et al. (2011a,b).

Pampatherium humboldtii: MCL-PUC/MG 900; MHD-P 28.

Panochthus tuberculatus: MLP 16-29.

Paraeucinepeltus raposeirasi: LIEB-PV-6000 (Type).

Paraglyptodon uquiensis: MACN 5377, 5530, 5355 (Type);
Castellanos (1953b).

Parapropalachoplophorus septentrionalis: SGO PV 4165
(Type); Croft et al. (2007).

Propalaehoplophorus australis: MLP 16-15, MLP 16-16; YMP
PU 15212.

Propalaehoplophorus minus: MACN A 4757 (Type); AMNH
9197.

Pseudoplohophorus absolutus: FC-DPV 475 and 595; Perea
(2005).

APPENDIX 2. List of characters and character states used in the
cladistic analysis. All characters are treated as unordered.

(0) Pneumatization of the rostral area of the skull: absent (0);
present (1).

(1) M1/m1 fully lingually and labially trilobated: absent (0);
present (1).

(2) Morphology of the dorsal area located ahead the orbitals:
non-quadrangular (0); quadrangular (1).

(3) Angle between the palatal plane and the ventral half of the
descending process of the maxillae: approximately 90° (0);
more than 90° (1).

(4) Morphology of the infraorbital foramen: circular or oval (0);
oval with a lower channel (1).

(5) Morphology of the orbital notch in lateral view: dorsoven-
trally elongated (0); circular (1).

(6) Morphology of the cephalic armor: cephalic armor com-
posed of small osteoderms with rough surface (0); cephalic
armor composed of large osteoderms with a rosette orna-
mentation (1); cephalic armor composed by large osteo-
derm without peripheral figures (2).

(7) Cephalic notch with osteoderm ‘spine-like’: absent (0);
present (1).

(8) Central figure of the osteoderms of the caudal notch: with-
out a trapezoidal central figure (0); with a trapezoidal cen-
tral figure (1).

(9) Ornamentation pattern of the lateral region of the dorsal
carapace: rosette pattern with circular central figure (0);
rosette pattern with angular central figure (1).

(10) Maximum number of peripheral figures: up to 12 (0); up to

14 (1); more than 14 (2).

(11) Number of rows of peripheral figures: one row without ac-

cessory (= additional) peripheral figures (0); one row with
accessory peripheral figures (1); absent (2).

(12) Morphology of the caudal notch: osteoderms with lateral

and one row of proximal peripheral figures (0); osteoderms
with one row of proximal peripheral figures (1); osteoderms
with two or more rows of proximal peripheral figures (2).

(13) Lateroventral region of the dorsal carapace: central figure

located in the central or posterior area of the osteoderms
with more than six peripheral figures (0); central angular
figure located in the posterior area of the osteoderms with
four to five peripheral figures (1).

(14) Dorsal profile of the caudal notch: ventrally inclined (0);

dorsally inclined (1).

(15) Morphology of the osteoderms that constitute the border

of the carapace: ‘spine-like’ osteoderms absent or limited to
the caudal notch (0); ‘spine-like’ osteoderms present around
the dorsal carapace (1).

(16) Development of the central sulci of the osteoderms of the

dorsal area of the carapace: little or moderately developed
(width less than 4 mm) (0); maximum development (ca.
4-6 mm) (1).

(17) Dorsal carapace divided into preiliac and postiliac regions,

occupying two-thirds and one-third of the curvature, respec-
tively: absent (0); present (1).

(18) Morphology of the border of the carapace between the cau-

dal notch and the most posterior region: limit between both
structures forming an angle (0); limit between both struc-
tures rounded (1).

(19) Exposed surface of the central figure of the osteoderms of

the posterior region of the carapace: smooth or concave (0);
with a central concavity (1).

(20) Caudal tube representing more than the 50% of the total

length of the caudal armor: absent (0); present (1).

(21) Morphology of the caudal armor: composed of caudal

rings representing more than 90% of the total length (0);
composed by caudal rings + caudal tube (this representing
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more than the 30% of the total length of the caudal armor) (23) Lateral area of the caudal tube: without ornamentation (0);

(D). lateral figures (1); lateral and ‘spine-like’ figures (2); only
(22) Morphology of the exposed surface of the osteoderms of the ‘spine-like’ figures (3).

caudal rings: exposed surface of the osteoderms smooth and  (24) Presence of conical tubercle in the lateral and terminal fig-

without ornamentation (0); exposed surface of the osteo- ures of caudal tube (modified from Porpino et al., 2010):

derms smooth with peripheral figures (1); exposed surface absent (0); present (1).

of the distal rows of osteoderms with ‘spine-like’ structure  (25) Supratrochlear fossa of the femur deep and triangular: ab-

2). sent (0); present (1).

APPENDIX 3. Character-taxon matrix used in phylogenetic analysis.

0 4 9 1 1 2

4 9 4

Pampatherium humboldtii 00000 0000- ----0 0-00- 000--0
Propalaehoplophorus australis 00000 01000 11000 00000 000000
Eucinepeltus petesatus 00000 02000 11000 00000 001?07
Cochlops muricatus 00000 0?2000 11000 00000 011007?
Doedicurus clavicaudatus 00000 0200- ----0 0-00- 110300
Neosclerocalyptus paskoensis 10000 01000 11000 00000 111101
Panochthus tuberculatus 10000 01000 21200 00000 111211
Hoplophorus euphractus 10070 0?2000 11200 00000 111211
Pseudoplohophorus absolutus 00000 02000 11000 20070 112107
Glyptotherium texanum 00000 0?2001 00101 10001 002000
Glyptotherium arizonae 00000 0?2001 00101 10111 002000
Glyptotherium mexicanum 2?7?27 2?72?2721 00101 10112 202?07
Glyptotherium cylindricum 00?77 ?2?201 00101 10111 202?00
Boreostemma acostae 00000 00011 00110 00000 002007?
Boreostemma venezolensis 20077 2?2011 00110 00070 2?2707
Paraglyptodon uguiensis 0?7?00 1?2?71 00?00 ?1?°?? ??22?207?
Glyptodon munizi 01111 10101 00100 11000 002000
Glyptodon reticulatus 01111 10101 00100 11000 002000




