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ARTICLE

THE INTERTROPICAL BRAZILIAN SPECIES OF PANOCHTHUS (XENARTHRA,
CINGULATA, GLYPTODONTOIDEA): A REAPPRAISAL OF THEIR TAXONOMY

AND PHYLOGENETIC AFFINITIES

KLEBERSON DE O. PORPINO,*,1 JUAN C. FERNICOLA,2,3 LAURA EDITH CRUZ,2 and L�ILIAN P. BERGQVIST4

1Departamento de Ciências Biol�ogicas, Universidade do Estado do Rio Grande do Norte, Rua Antônio Campos s/n, Mossor�o, 59610-
090, Rio Grande do Norte, Brazil, kleporpino@yahoo.com.br;

2CONICET, Secci�on Paleontolog�ıa de Vertebrados, Museo Argentino de Ciencias Naturales ‘Bernardino Rivadavia,’ Av. �Angel
Gallardo 470, C1405DJR, Buenos Aires, Argentina, jctano@yahoo.com; cruzlaurae@gmail.com;
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4Departamento de Geologia/UFRJ, Av. Athos da Silveira Ramos, 274, CCMN, bloco G, Cidade Universit�aria, 21941-916, Rio de
Janeiro/RJ, Brazil, bergqvist@geologia.ufrj.br

ABSTRACT—Four species of Panochthus (P. greslebini, P. jaguaribensis, P. oliveira-roxoi, and P. rochai) have been
described from the late Pleistocene of northeastern Brazil. P. oliveira-roxoi, and P. rochai have been considered loosely as
synonyms of P. greslebini. This paper reevaluates the referred material, diagnostic characters, and validity of these species
and includes a cladistic analysis of 25 caudal tube and carapace characters to determine their positioning relative to other
species of Panochthus. P. greslebini and P. jaguaribensis are valid species and differ from the other species of Panochthus by
unique combinations of caudal tube characters. Carapace fragments previously attributed to P. jaguaribensis are in fact
fragments of cephalic shields. These fragments and the isolated ostoderms previously described for P. jaguaribensis cannot be
confidently assigned to this species. We support the interpretation of P. rochai as a junior synonym of P. greslebini, but
P. oliveira-roxoi is actually a nomen dubium instead of a synonym of P. greslebini. Our analysis yielded a fully resolved tree
in which Panochthini, as traditionally defined, is paraphyletic and the species formerly attributed to Panochthus form a
monophyletic group, echoing recent findings based on a different dataset. Within Panochthus, the Brazilian species form a
clade with the Bonaerian species P. subintermedius, which is the sister species to P. greslebini. Instead of a more basal
position suggested in early and recent works, P. jaguaribensis is deeply nested within the clade encompassing the species of
Panochthus.

INTRODUCTION

The Brazilian Intertropical Region (BIR; sensu Cartelle, 1999)
is a geographic area encompassing northeastern Brazilian states
and parts of more southern areas, defined on the basis of a
unique Pleistocene megafauna, which includes putative endemic
species, chiefly xenarthrans. Four species of Panochthus have
been recognized for northeastern Brazilian Pleistocene deposits,
all originally erected solely on isolated caudal tubes (Fig. 1).
Among these species, Panochthus greslebini was the first
described, based on an almost complete caudal tube recovered
from a natural tank deposit in Jaguaretama County, Cear�a State,
and housed in Departamento Nacional de Produç~ao Mineral,
Rio de Janeiro, Brazil (Castellanos, 1942). In this same work—a
comprehensive review of all species of Panochthus then known
and purportedly allied genera—Castellanos (1942) also erected
the species Panochthus oliveira-roxoi based on a badly damaged
caudal tube also from Cear�a State but without precise informa-
tion on its provenance. Later, during the earlier 1950s, yet
another species from Cear�a State, Panochthus rochai, was
described based on a large distal fragment of caudal tube (Paula
Couto, 1954). Finally, Moreira (1965) erected a new species of
Panochthus, Panochthus jaguaribensis, also based on a single
caudal tube from Limoeiro do Norte in Cear�a State.

Moreira (1971) described new specimens of Panochthus col-
lected in the early 1960s by Carlos de Paula-Couto in a tank
deposit in Tapero�a, Para�ıba State (Paula-Couto 1962; Moreira,
1971). He also presented formal diagnoses for both P. greslebini
and P. jaguaribensis, which were not provided in their original
descriptions (Castellanos, 1942; Moreira, 1965). According to
Moreira (1971), among the material of Panochthus collected in
Tapero�a there are skeletal elements attributable to both P. jagu-
aribensis and P. greslebini, including two nearly complete caudal
tubes, carapace fragments, isolated osteoderms, and postcranial
material. Moreover, Moreira (1971) concluded that (a) P. jaguar-
ibensis should be excluded from Panochthus based on its puta-
tive divergent morphology and erected the new genus
Parapanochthus and the new combination Parapanochthus jagu-
aribensis; and (b) Panochthus rochai should be considered a syn-
onym of P. greslebini.
Bergqvist (1989, 1993) revised all remains from Tapero�a

described by Moreira (1971) and reallocated Parapanochthus
jaguaribensis to Panochthus. She attributed to P. greslebini
several additional isolated osteoderms, and to Panochthus sp.
several postcranial elements, all collected in Tapero�a but not
mentioned by Moreira (1971). More recently, Porpino and
Bergqvist (2002) considered that the postcranial elements from
Tapero�a originally assigned to P. greslebini by Moreira (1971)
should be considered simply as Panochthus sp. In addition, they
included P. oliveira-roxoi as a synonym of P. greslebini. Several
other records of P. jaguaribesis and especially P. greslebini have*Corresponding author.
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been published (Oliveira et al., 1982, 1984; Cartelle, 1992; Gue-
rin et al., 1993) based on isolated osteoderms or carapace frag-
ments from localities other than Tapero�a. Both species have
been considered endemic to the BIR (Cartelle, 1999; Porpino
and Bergqvist, 2002; but see Chimento and Agnolin, 2011, for a
purportedly more southern occurrence of P. greslebini). Yet,

P. greslebini and P. jaguaribensis are still poorly diagnosed,
because in our view their original diagnoses (Moreira, 1971) are
insufficiently diagnostic to allow differentiation from the meridi-
onal species and include misidentified anatomical parts and
some elements of the exoskeleton that cannot be confidently
assigned to them.

FIGURE 1. Map showing the distribution of species of Panochthus in northeastern Brazil. A, distribution based on previous works; B, distribution
based on the present work. Abbreviations: BA, Bahia State; CE, Cear�a State; PB, Para�ıba State; PE, Pernambuco State; PI, Piau�ı State; RN, Rio
Grande do Norte State.
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Here we review the species of Panochthus described for the
BIR, with special focus on the specimens from Tapero�a, which
represent the most comprehensive material assigned to P. gresle-
bini and P. jaguaribensis and provided the main basis for their
definitions. We present new diagnoses for these species based on
the material that may be confidently assigned to them. In addi-
tion, we (a) reevaluate the status of P. rochai and P. oliveira-
roxoi given that a clear discussion supporting their synonymies is
wanting; and (b) carry out a new cladistic analysis in order to
reevaluate the phylogenetic affinities of the species of Panoch-
thus that we considered valid for the BIR.

MATERIALS ANDMETHODS

All studied Brazilian material was collected in sediments
deposited in natural depressions in basement rocks, which are
widespread in northeastern Brazil and known locally as tanks
(‘tanques’; Cartelle, 1999). These deposits are remarkable due to
their rich mammalian remains that were attributed to the late
Pleistocene–early Holocene originally based on comparisons of
their local fauna with better known mammalian faunas of Argen-
tina and Uruguay (Paula-Couto, 1980; Cartelle, 1999). This
putative age is compatible with the available ages obtained
mainly by the application of electron spin resonance spectros-
copy on teeth collected in tanks, which ranges from ca. 0.09 to
0.6 Ma (Dantas et al., 2011; Ribeiro et al., 2013).
The species of Panochthus and their respective reference

material that we considered valid for the diagnostic comparison
and cladistics analysis are listed in Appendix 1. Panochthus rus-
coni was excluded because, at present, the holotype of this spe-
cies—a caudal tube described by Castellanos (1942), housed in
the vertebrate paleontology collection of the Museo de La Plata,
could not be found (Cruz et al., 2013), and the descriptions of
Castellanos (1942) were based solely on photographs in Lydek-
ker (1895). We also excluded P. frenzelianus because there is no
caudal tube—the main diagnostic element for the Brazilian
species—that can be confidently assigned to this species. Its orig-
inal description was based only on a partial carapace, cephalic
shield, skull, and mandible (Ameghino, 1889). The type speci-
men of P. frenzelianus, according to Castellanos (1942), is a
mounted specimen in AMNH, which in addition to the skeletal
elements just mentioned, also includes fore- and hind limbs and
a caudal tube. Several authors have followed this assignation
(e.g., Chimento and Agnolin, 2011; Cruz et al., 2011; Zamorano
and Brandoni, 2013). However, the caudal tube of the AMNH
specimen is not part of the same individual to which the remain-
ing elements belonged (Fernicola et al., 2014).
Concerning P. tuberculatus, we base our comparative analysis

on Burmeister’s (1864, 1870–1874) descriptions and the skeletal
elements, housed in MACN, mentioned and figured by this
author, instead of relying on the neotype recently proposed by
Zamorano et al. (2012). These latter authors designated as the
neotype of P. tuberculatus a specimen they identified as MLP
16-29. However, Cruz et al. (2013) showed that this specimen is
composed of remains assignable to three different individuals;
therefore, its validity as a neotype is questionable.
Castellanos (1940, 1942) formulated an anatomical terminol-

ogy to describe the complex caudal tube morphology of glypto-
donts, a terminology that would become the most employed in
later works (Moreira, 1971: Porpino and Bergqvist, 2002; Cruz
et al., 2011). He recognized four types of figures present in all
groups of glyptodonts (terminal, lateral, marginal, and central)
and three additional types for panochthines and doedicurines
only: apexian figure, apical figure, and the dorsoventral pair of
figures (Fig. 2A). The apical figure and dorsoventral pair were
not clearly defined and their recognition is ambiguous. In some
species within Panochthus (e.g., P. greslebini, P. subintermedius),
the dorsoventral pair of figures is easily recognizable because the

figures forming this pair are closer to the midlateral axis relative
to the marginal figures, and are interposed between the lateral or
lateral and terminal figures, which are clearly separated in spe-
cies of Panochthus. In taxa such as Neosclerocalyptus or Ploho-
phorus, in which the lateral or lateral and terminal figures
contact or nearly contact each other, the figures comparable to
those of dorsoventral pair in Panochthus are more dorsal and
ventrally positioned, so that they are poorly differentiated rela-
tive to the marginal figures because they are topographically
equivalent to these latter in such cases. In fact, Castellanos
(1940) did not recognized dorsoventral figures inNeosclerocalyp-
tus or Plohophorus and employed only the terms marginal and
central figures to the figures on the ventral and dorsal surfaces of
caudal tube. Castellanos (1942) applied the term apical figures
for figures closer to the distal tip of the caudal tube on both ven-
tral and dorsal surfaces, positioned posteriorly to the first pair of
dorsoventral figures (i.e., the pair interposed between the poste-
rior-most lateral and the terminal figures). However, in taxa such
as Propanochthus, in which the first pair of dorsoventral figures
were considered to be absent, the apical figures were not recog-
nized and the figures potentially comparable to the apical figures
(i.e., those sharing the equivalent position, closer to the distal tip
of the tube) were considered marginal or central figures on both
ventral and dorsal surfaces (Castellanos, 1942). For all those rea-
sons, we believe that the terms apical and dorsoventral figures,
as applied by Castellanos (1942; see also Moreira, 1971; Porpino
and Bergqvist, 2002), may lead to ambiguity in primary homol-
ogy assessment, especially when comparisons are made with gen-
era other than Panochthus.
Taking into account the above considerations, we propose

some definitions for the terms used for naming the figures on the
ventral, dorsal, and lateral surfaces of caudal tube (Fig. 2B–C).
We recognize lateral figures as the larger figures clearly arranged
in a proximodistal sequence along the lateral surfaces of the cau-
dal tube, whereas terminal figures are the distal-most figures in
this sequence and form the lateral borders of the apex of the cau-
dal tube. Marginal figures comprise all figures on the dorsal and
ventral surfaces of the caudal tube that are adjacent to the proxi-
modistal sequence formed by the lateral and terminal figures.
Central figures are positioned more closely to the sagittal midline
of the caudal tube just medial to the proximodistal sequences of
marginal figures. Finally, following Castellanos (1942), we use
apexian figure for the figure positioned at the distal end of the
apex of the caudal tube. All figures on the ventral, dorsal, and
lateral surfaces of the caudal tube are surrounded by smaller
polygonal figures identical to those in the carapace osteoderms
and referred to as small figures (when not associated with main
figures) or peripheral figures (if clearly associated with larger
main figures).
For carapace segments, we employ the terminology of Por-

pino (2009) and Cruz et al. (2011) except that our ‘section’ is
equivalent to their ‘region’ and the latter is applied to the
main sides of carapace (dorsal and lateral regions) (Fig. 2D).
Thus, we recognize three sections in the dorsal region (ante-
rodorsal, mid-dorsal, and posterodorsal) and three additional
sections in the lateral region (anterolateral, midlateral, and
posterolateral) not suggested in earlier works. We use the
terms transverse and anteroposterior to locate rows of osteo-
derms in the carapace (Fig. 2D). In our opinion, this pro-
posed terminology would reduce ambiguity and provide more
precise descriptions of the parts of carapace and homology
statements. In Systematic Paleontology, we follow the classifi-
cation of glyptodonts proposed by Fernicola (2008) and Por-
pino et al. (2010). However we avoided the formal use of the
tribe Panochthini because its monophyly seems questionable
(see Discussion, below). Details on the methods and assump-
tions used in the cladistic analysis are given in Phylogenetic
Affinities of the Brazilian Species of Panochthus. Detailed
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descriptions of the carapace and caudal tube material of the
Brazilian species of Panochthus examined here were provided
by Moreira (1971) and Porpino and Bergqvist (2002), so our
focus is on the diagnostic characters; thus, new descriptions
were not included.
Institutional Abbreviations—AMNH, American Museum

of Natural History, New York, U.S.A.; DGM–M, Divis~ao de
Geologia e Mineralogia, Departamento Nacional de
Produç~ao Mineral, Rio de Janeiro, Brazil; FC-DPV, Departa-
mento de Paleontologia, Facultad de Ciencias, Universidad
de la Rep�ublica, Montevideo, Uruguay; MACN, Museo
Argentino de Ciencias Naturales ‘Bernardino Rivadavia,’
Ciudad Aut�onoma de Buenos Aires, Argentina; MCC, Museu
Câmara Cascudo, Natal, Brazil; MHN, Museu de Hist�oria
Natural e Jardim Botânico, Belo Horizonte, Brazil. MLP,
Museo de La Plata, La Plata, Argentina; MN, Museu Nacio-
nal, Coleç~ao de Paleontologia de Vertebrados, Rio de
Janeiro, Brazil (replaces the acronym MNRJ in the Museum
Nacinal database).
Other Abbreviations—BIR, Brazilian Intertropical Region;

CI, assemble consistency index; ci, character consistency index;
MPT, most parsimonious tree; RI, retention index; TL, tree
length.

SYSTEMATIC PALEONTOLOGY

Suborder GLYPTODONTIA Ameghino, 1889
Superfamily GLYPTODONTOIDEA Gray, 1869
Family PANOCHTHIDAE Castellanos, 1927

Subfamily PANOCHTHINAE Castellanos, 1927
Genus PANOCHTHUS Burmeister, 1866

PANOCHTHUS GRESLEBINI Castellanos, 1942
(Figs. 3, 5A)

Panochthus rochai Paula-Couto, 1954:195, figs. 1–3.

Holotype—DGM 1-M, a caudal tube from Jaguaretama City,
Cear�a State, Brazil.
Referred Material—MN 2760/1-V (caudal tube), MN 2760/2-V

(right femur), MN 2760/3-V (left femur), MN 2760/4-V (right
tibia-fibula), MN 2760/5-V (large carapace fragment).
Revised Diagnosis—Panochthus greslebini differs from all spe-

cies of Panochthus in having an apexian figure at the distal
border of the caudal tube. Differs further from Panochthus
tuberculatus and Panochthus jaguaribensis in having a single
marginal figure clearly posterior to the posterior-most central
figure on the dorsal surface of the caudal tube. Differs further

FIGURE 2. Terminology employed in the present study for caudal tube and carapace.A, schematic caudal tube of Panochthus in ventral view (based
on Porpino and Bergqvist, 2002) showing the terminology applied by Castellanos (1942); B, schematic caudal tube of Panochthus in ventral view
(based on Porpino and Bergqvist, 2002) showing the terminology used in this work; C, schematic caudal tube of Neosclerocalyptus in ventral view
(based on Paula Couto, 1957) for comparison;D, schematic carapace showing the terminology of sections and regions as applied in this work (see text
for details).Abbreviations: ab, anterior border; lb, lateral border; pb, posterior border.
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from Panochthus subintermedius in having a more robust caudal
tube, with wider apex. Differs also from Panochthus tuberculatus
in having a caudal tube with a single distal-most central median
figure positioned between the distal-most marginal figures on the
dorsal and ventral surfaces.
Remarks—Among the material collected in Tapero�a in the

early 1960s (Paula-Couto, 1962), Moreira (1971) assigned to P.
greslebini a caudal tube (Moreira, 1971:fig. 10) morphologically
comparable to the holotype DNPM 1-M in its diagnostic charac-
ters (Fig. 3), right and left femora (Moreira, 1971:fig.17), a large
carapace fragment (Moreira, 1971:fig. 12; Fig. 5A), and other
smaller carapace fragments and osteoderms (Moreira, 1971:fig.
13), all of which were referred by Moreira (1971) indistinctly by
the same catalog number MN 2760-V. He commented that the
caudal tube and the femora were found in association with the
osteoderms ( D ‘placas’; Moreira, 1971:546). This information
would reasonably support the attribution of the aforementioned
material to an individual of P. greslebini, but its source was not
clarified by Moreira (1971).
When revising the material from Tapero�a described by Mor-

eira (1971), Bergqvist (1989) emended the catalog entries of the
elements belonging to P. greslebini by adding a sequential num-
ber to the original number MN 2760-V to indicate that they rep-
resent parts of the same individual. The elements with this new
emended numeration encompass the caudal tube (MN 2160/1-
V), the right (MN 2760/2-V) and left (MN 2760/3-V) femora and
the large carapace fragment (MN 2760/5-V) figured and
described by Moreira (1971), plus a right tibia-fibula (MN 2760/
4-V) not mentioned by that author. According to Bergqvist
(1989; see also Bergqvist, 1993), these were the elements origi-
nally reported by Carlos de Paula-Couto—the collector of the
material from Tapero�a—as belonging to the same individual in
an internal unpublished report of the Museu Nacional. There-
fore, if we consider this report by Paula-Couto—and we see no
reason for not doing so—the smaller carapace fragments and
osteoderms that Moreira (1971:fig. 13) attributed to P. greslebini
should not be considered as belonging to the individual repre-
sented by the elements with the emended numeration. Accord-
ingly, at least one of these smaller carapace fragments depicted
by Moreira (1971) was renumbered by Bergqvist (1989) as MN
3768-V. This fragment and additional specimens from Tapero�a
not figured by Moreira (1971), including two fragments of right
tibia-fibulae (MN 2957-V and 2963-V), several isolated carapace
osteoderms (MN 3612-V, MN 4223-V, MN 4225-V, MN 4226-V,
MN 3733-V, MN 3772-V, and MN 3774-V), and a carapace frag-
ment (MN 4221-V), were assigned to P. greslebini based on
their morphological similarity with comparable elements of MN
2760-V (Bergqvist, 1989).
The caudal tube MN 2760/1-V presents the same combination

of characters and unique features observed in the holotype of
P. greslebini (DNPM 1-M; Fig. 3), which allows its differentia-
tion relative to the caudal tubes of the other known species of
Panochthus. On the other hand, the mid-dorsal section fragment
MN 2760/5-V (Fig. 5A) presents an ornamentation pattern
formed by small figures such as those in the homologous section
of all other species of Panochthus (see Burmeister, 1870–1874;
Castellanos, 1942; Zurita et al., 2011) and consequently is not
diagnostic (contra Moreira, 1971). Other characters cited in
Moreira’s (1971) diagnosis of this species, such as osteoderms
with hexagonal, pentagonal, or quadrangular shape, are also not
diagnostic.
Moreira (1971) suggested that the carapace of P. greslebini

would lack main figures even in the osteoderms of the lateral
border, a condition that, according to Porpino and Bergqvist
(2002), would differentiate it from all other species of Pan-
ochthus, except P. frenzelianus (sensu Castellanos, 1942; but
see the original description in Ameghino, 1889). Surely this
inference could not have been based on MN 2160/5-V, which

represents a mid-dorsal section fragment (Moreira, 1971).
Unfortunately, Moreira (1971) did not specify the specimen(s)
on which he based his conclusion, and we were not able to rec-
ognize it among the remains figured by Moreira (1971:fig. 13)
or among those from Tapero�a specimens attributed to P. gres-
bini by Bergqvist (1989, 1993). Bergqvist (1989) and Porpino
and Bergqvist (2002) concur with Moreira (1971) and pointed
out that P. greslebini have osteoderms of the lateral border of
the carapace without main figures. Their conclusion was based
on isolated osteoderms from Tapero�a (MN 3733-V, MN 3772-
V, and MN 3774-V; Fig. 5B–C) that were not associated with
MN 2760-V. These osteoderms differ from all homologous parts
of the carapace of other known Panochthus species (see
descriptions and figures in Burmeister, 1870–1874; Ameghino,
1889; Lydekker, 1895; Castellanos, 1942; Zurita et al., 2011)
in two remarkable features: (a) a significant portion of the
external surface of each osteoderms does not present discern-
ible figures; (b) this very portion, when seen in lateral view,
forms a sort of imbrication area. Interestingly, these features
agree with those of the osteoderms forming the proximal row
of caudal rings in Panochthus, as figured by Ameghino (1889:pl.
88) and Zurita et al. (2011:fig.3). The portion without ornamen-
tation would correspond to the anterior portion by which the
osteoderms imbricate with osteoderms from preceding rings.
Therefore, we consider that MN 3733-V, MN 3772-V, and MN
3774-V are osteoderms from the caudal rings instead of being
carapace osteoderms. However, the lack of any consistent infor-
mation regarding their association with the caudal tubes of
P. greslebini (MN 2760/1-V) or P. jaguaribensis (MN 2759V/1-V)
precludes a reliable specific assignment.
According to Porpino and Bergqvist (2002), the femora (MN

2760/2-V and 2760/3-V) and the tibia-fibula (MN 2760/4-V)
assigned to P. greslebini by Moreira (1971) have no clear diag-
nostic features. Moreira (1971) mentioned that the femora are
more strongly built and shorter than in P. tuberculatus, but these
fall within the expected range of individual variation. The
greater trochanter in those femora projects slightly less proxi-
mally than in P. tuberculatus based on comparison with illustra-
tions in Burmeister (sensu Burmeister, 1870–1874), but the
significance of these small differences is difficult to assess in the
absence of additional comparable remains for P. greslebini or
P. tuberculatus. Certainly, they are less remarkable than the
differences in the caudal tube. For such reasons, we prefer
not to include these character states into the revised diagnosis
presented here.
In short, among the few skeletal elements that can be

confidently assigned to P. greslebini, only the caudal tube MN
2760/1-V and the holotype DNPM 1-M present clear diagnostic
characters that allow differentiation of this Brazilian species
from the other species within Panochthus.

PANOCHTHUS JAGUARIBENSISMoreira, 1965
(Fig. 4)

Parapanochthus jaguaribensis (Moreira, 1965): Moreira,
1971:530, figs. 1–8 (new combination).

Holotype—IESC 1, a caudal tube from Limoeiro do Norte,
Cear�a State.
Referred Material—MN 2759V/1-V, caudal tube.
Revised Diagnosis—Differs from all other species of Panoch-

thus in having a more cylindrical caudal tube, with slightly less
prominent lateral figures margins, and less developed conical
tubercles in lateral and terminal figures. Differs further from
Panochthus intermedius in having central figures poorly repre-
sented and scattered in the proximal part of the caudal tube. Dif-
fers further from Panochthus greslebini and Panochthus
subintermedius in having tree marginal figures clearly distal to
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FIGURE 3. Caudal tube of Panochthus greslebini DNPM 1-M (holotype). A, dorsal view; B, schematic dorsal view; C, ventral view; D, schematic
ventral view; E, lateral view; F, distal view; G, detail of the distal portion in dorsal view; H, detail of the distal portion in ventral view. Abbreviations:
apx, apexian figure; c, central figures; L1–L3, lateral figures;m, marginal figures; T, terminal figures.
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the distal-most central figures on the dorsal surface of the caudal
tube (instead of one). Differs also from Panochthus tuberculatus
in having a single marginal figure clearly distal to the distal-most
central figure on the ventral surface of caudal tube.
Remarks—The other caudal tube collected in Tapero�a (MN

2759/1-V; Moreira, 1971:figs. 2, 6, 7, and 8; Fig. 4) shows a

combination of characters different from MN 2760/1-V, assigned
here to Panochthus greslebini, but identical to the holotype of
P. jaguaribensis (Moreira, 1965), and was therefore assigned by
Moreira (1971) to this species. He also attributed to P. jaguari-
bensis two fragments purportedly from the mid-dorsal section of
the carapace (MN 2759/4-V, MN 2759/5-V; Moreira, 1971:fig. 3;

FIGURE 4. Caudal tube of Panochthus jaguaribensis MN 2759/1-V. A, dorsal view; B, schematic dorsal view; C, ventral view; D, schematic ventral
view; E, lateral view; F, detail of the distal portion in dorsal view; G, detail of the distal portion in ventral view. Abbreviations: c, central figures; L1–
L4, lateral figures;m, marginal figures; T, terminal figures.
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Fig. 6A–C), several isolated osteoderms considered to be from
the lateral region of the carapace (e.g., MN 2759/18 and MN
2759/19-V; Moreira, 1971:fig. 4; Fig. 5E–F), three fragments of
semimobile caudal rings (MN 2759/2-V, MN 2759/3-V; Moreira,
1971:fig. 5), and several isolated osteoderms from the distal rows
of caudal rings (MN 2759/6-V to 13-V; Moreira, 1971:fig. 5). All
these exoskeletal elements were referred by the same catalog
number (MN 2759-V) and were thus considered parts of a single

individual. Bergqvist (1989) emended their catalog numbers.
However, neither Moreira (1971) nor Bergvist (1989, 1993) pro-
vided any supportive information regarding their potential asso-
ciation, in contrast to some elements attributed to P. greslebini
(see above).
Moreira (1971) noted that the supposedly mid-dorsal section

fragments are thinner than in Panochthus and bear strongly
developed main figures (see also Porpino and Bergqvist, 2002),

FIGURE 5. Carapace material of Panochthus from northeastern Brazil.A, large mid-dorsal section fragment MN 2760/5-V of Panochthus greslebini;
B, C, isolated osteoderms from the proximal row of the caudal ring of Panochthus sp., MN 3733-V (B) and MN 3772-V (C);D, MN 2759/16-V; E, MN
2759/18-V; F, MN 2759/19-V, isolated osteoderms probably belonging to the anteroposterior rows closer to the lateral border; G, partial carapace of
Panochthus sp., MCC 1603V.Abbreviations:MD, mid-dorsal section; PB, posterior border; PD, posterodorsal section.
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in contrast to all other species within this genus, in which main
figures are absent from the mid-dorsal section. In fact, the main
figures in MN 2759/4-V and MN 2759/5-V are proportionally
larger even when compared with the main figures in the mid-
dorsal section of the carapace in allied taxa such as Nopachthus
and Hoplophorus, and they are more excavated and less sepa-
rated than in these genera. These purported distinctive features
led Moreira (1971) to reallocate P. jaguaribensis to a new genus,
Parapanochthus. Oddly, the morphology of MN 2759/4-V and
MN 2759/5-V (Fig. 6A–C) is strikingly similar to those of known
cephalic shields of Panochthus, especially those figured by Ame-
ghino (1889:pl. 88) and Lydekker (1895:pl. 5; Fig. 6F). As in
these figured remains, MN 2759/4-V and MN 2759/5-V bear cir-
cular to elliptical main figures that are strongly excavated and
closer to each other, and the deep surface of these fragments is
strongly concave. Therefore, we conclude that MN 2759/4-V and
MN 2759/5 represent cephalic shield fragments rather than mid-
dorsal carapace fragments.
Some of the isolated osteoderms that Moreira (1971:fig. 4),

Bergqvist (1989), and Porpino and Bergqvist (2002:fig. 2) attrib-
uted to the lateral carapace of P. jaguaribensis (MN 2759/18 and
MN 2759/19-V; see Fig. 5E–F) bear main figures that vary in
sizes from greatly developed to almost the same size as the
peripheral figures, which are arranged into two or more rows.
This pattern clearly differs from that observed in most osteo-
derms on the lateral region of the carapace in species of Panoch-
thus, except the osteoderms constituting the anteroposterior
rows near the lateral border, as exemplified by P. tuberculatus
(see descriptions and figures in Burmeister, 1870–1874) and
P. intermedius (see Zurita et al., 2011). In these species, the size
variation of the main figures reflects the location of the osteo-
derms relative to the lateral border: the smaller main figures are
observed in the osteoderms constituting the more dorsal antero-
posterior rows, whereas the most developed main figures occur
in osteoderms constituting the more ventral anteroposterior
rows next to the lateral border. Like the homologous elements
of P. tuberculatus and P. intermedius, MN 2759/18 and MN 2759/
19-V differ from the lateral carapace osteoderms of allied taxa
such as Nopachthus coagmentatus (MLP 16-122; Castellanos,
1942) and Hoplophorus euphractus (MHN 1003; Porpino et al.,
2010) in having a more rugose surface and proportionately
smaller peripheral figures delineated by more marked sulci,
although the variation in size is somewhat similar to that
observed in N. coagmentatus. In addition, there is no further evi-
dence (e.g., an associated caudal tube showing a plainly different
morphology) to support the attribution of the examined osteo-
derms to a genus other than Panochthus. Although Moreira
(1971) had considered that P. jaguaribenis is similar to Propa-
nochthus in having less developed conical tubercles and less
marked borders in lateral and terminal figures, the caudal tube
of this species shares with Panochthus several features, which
clearly differentiate it from the caudal tube of Propanochthus
and other glyptodonts. These features include central figures
scattered distributed and not arranged in transverse rows in the
proximal half of caudal tube; marginal figures in the posterior
half of the caudal tube clearly more concave and rugose than the
central ones; and more perforated and striated conical tubercles.
Other isolated osteoderms that Moreira (1971) attributed to

the lateral region of the carapace of P. jaguaribensis are very
similar to the osteoderms of caudal rings (MN 2759/15-V, MN
2759/16-V, and MN 2759/18-V; Fig. 5D). These osteoderms bear
a posteriorly displaced main figure and no figures anteriorly,
resembling MN 3733-V and MN 3772 (Fig. 5B, C; see above),
and are comparable to those forming the distal rows of caudal
rings of Panochthus, as figured by Burmeister (1870–1874), Ame-
ghino (1889:pl. 88), and Zurita et al. (2011:fig. 3)
If the lateral region osteoderms MN 2759/14 to 19-V are from

the anteroposterior rows near the lateral border, they are not

diagnostic, because they present no distinctive morphology rela-
tive to other species of Panochthus for which homologous ele-
ments have been described (P. tuberculatus and P. intermedius;
see above). On the other hand, MN 2759/4-V and MN 2759/5-V,
which we consider as cephalic shield fragments, present some
differences compared with the homologous elements previously
described for Panochthus, especially those figured for P. interme-
dius (Zurita et al., 201:fig. 2), which have proportionately larger
main figures. Nonetheless, we feel that assignment of these
cephalic shield fragments, as well as the isolated osteoderms and
carapace fragments from Tapero�a, to P. greslebini or P. jaguari-
bensis would be premature in the absence of reasonable
information concerning their association with the caudal tubes
MN 2760/1-V or MN 2759/1-V.
A corollary of the above consideration is that the only element

that can be confidently assigned to P. jaguaribensis among the
material collected in Tapero�a is the caudal tube MN 2759/1-V.
Therefore, the carapace morphology of P. jaguaribensis remains
unknown pending the recovery of carapace material clearly asso-
ciated with caudal tube.

PANOCHTHUS sp.
(Figs. 5, 6)

Referred Material—From Tapero�a: cephalic shields (MN
2759/4-V and MN 2759/5-V), carapace fragments (MN 3768-V,
MN 4221-V, MN 4224), fragments of semimobile caudal rings
(MN 2759/2-V, MN 2759/3-V), isolated osteoderms from distal
rows of caudal rings (MN 2759/6-V to 13-V), fragments of right
tibiae-fibulae (MN 2957-V and MN 2963-V), isolated carapace
osteoderms (MN 3612-V, MN 4223-V, MN 4224-V, MN 4225-V,
MN 4226-V, MN 2759/14 to 19-V), osteoderms from caudal rings
(MN 3733-V, MN 3772-V, MN 3774-V), molariform (MN 4165-
V), atlas (MN 2964-V), right humerus (MN 2959-V), fragment of
distal portion of left humerus (MN 3611-V), left astragalus (MN
3579-V), right calcaneus (MN 3577-V), left calcanei (MN 3578-
V, MN 4209-V), left metacarpal III (MN 3755-V), proximal pha-
lanx of digit III of right manus (MN 4162-V), phalanges of manus
(MN 4163-V, MN 4164-V), left ectocuneiform (MN 3747-V),
right metatarsal II (MN 3754-V), left metatarsal III (MN 3613-
V), right metatarsal IV (MN 3748-V), proximal phalanx of digit
II of right pes (MN 4158-V), middle phalanx of digit II of left pes
(MN 4159-V), proximal phalanx of digit III of left pes (MN
3643-V), proximal phalanx of digit III of right pes (MN 4156-V),
middle phalanx of digit III of left pes (MN 4157-V), proximal
phalanx of digit IV of right pes (MN 3758-V), middle phalanx of
digit IV of right pes (MN 4155-V), and sesamoids (MN 4160-V,
MN 4161-V). From elsewhere in northeastern Brazil (see text):
cephalic shield (MCC 1554V), isolated osteoderms and carapace
fragments (MCC 1411–1433V, MCC 1548–1551V, MCC 1558,
MCC 1562), and incomplete right pes (MCC 1559V).
Remarks—Bergqvist (1989) assigned to Panochthus sp. sev-

eral postcranial elements and teeth collected in Tapero�a, not
mentioned by Moreira (1971). The presence of three calcanei,
two left and one right, implies a minimum number of two indi-
viduals in the assemblage of Tapero�a, a conclusion that is con-
gruent with the presence of two caudal tubes (MN 2760/1-V and
2759/1-V). However, as pointed out by Bergqvist (1989), it is dif-
ficult to assign this postcranial material to either of the species
identified for that assemblage, because they were not found in
association with the caudal tube MN 2760/1-V, in contrast with
other skeletal elements assigned by Bergqvist (1989) to P. gresle-
bini (i.e., MN 2760/2-V, right femur; MN 2760 3-V, left femur;
MN 2760/4-V, right tibia-fibula). Later, Porpino and Bergqvist
(2002) considered that the remains that Bergqvist (1989)
assigned to P. greslebini should also be more appropriately
assigned to Panochthus sp. We disagree with this latter interpre-
tation based on the information provided by Bergqvist
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(1989, 1993) concerning their association. On the other hand, we
believe that the cephalic shields fragments considered carapace
fragments of P. jaguaribensis by early authors, as well as all iso-
lated carapace and caudal ring osteoderms from Tapero�a attrib-
uted to this species by Moreira (1971), Bergqvist (1989), and
Porpino and Bergqvist (2002), should be considered as Panoch-
thus sp. for the reasons given above (see remarks on P.
jaguaribensis).
Based on the diagnoses proposed by Moreira (1971) for the

Brazilian Panochthini, Oliveira et al. (1982) attributed a cara-
pace fragment (MCC 1564V; Fig. 6D–E) bearing large main fig-
ures to P. jaguaribensis, and Oliveira et al. (1984) assigned a
partial carapace without main figures (except in the posterior
border; Fig. 5G) to P. greslebini. Both specimens were collected
in a single tank deposit in Rio Grande do Norte State, but no
caudal tube was found in association with these remains. MCC
1564V resembles the fragments MN 2759/4-V and MN 2759/5-V
(Fig. 6A–C) previously assigned to the mid-dorsal section of the
carapace of P. jaguaribensis by Moreira (1971), Bergqvist (1989,
1993), and Porpino and Bergqvist (2002) treated here as a
belonging to the cephalic shield. The partial carapace reported
by Oliveira et al. (1984) preserves part of the mid-dorsal section,
the entire posterodosal section, part of the posterolateral section,
and the posterior border. Main figures are present in the row
constituting the posterior border, in which they are posteriorly
displaced, and in some osteoderms of the row next to the poste-
rior border. This morphology is similar to that of P. tuberculatus,
as described by Burmeister (1870–1874). In the absence of dis-
cernible diagnostic features and associated caudal tube, we see
no basis for assigning the aforementioned elements to P. gresle-
bini or P. jaguaribensis, and they should be identified as Panoch-
thus sp. A similar conclusion can be drawn for other reports
from northeastern Brazil based only on isolated osteoderms
(Cartelle, 1992; Guerin et al., 1993).

DISCUSSION

Additional Material Attributed to Panochthus greslebini from
Argentina

Chimento and Agnolin (2011) assigned to P. greslebini a distal
portion of a caudal tube from the late Pleistocene of Santiago
del Estero, Argentina. This represents the first reported occur-
rence of P. greslebini outside the BIR. However, we do not con-
cur with this assignment. In the text and in illustrations provided
by Chimento and Agnolin (2011:fig. 3), there is no indication of
the presence of an apexian figure, which is autapomorphic for P.
greslebini (see above; Castellanos, 1942). In addition, there are
three marginal figures (two ‘subapical’ and one apical in their
terminology) clearly posterior to a distal-most central figure on
the dorsal side of the caudal tube from Argentina, instead of
one, as in the caudal tubes of P. greslebini MN 2760/1-V and
DNPM 1-M.

The Status of the Additional Species of Panochthus from
Northeastern Brazil

Two additional species of Panochthus were described for
northeast Brazil, but they were considered synonyms of P. gresle-
bini (Porpino and Bergqvist, 2002). The species Panochthus
oliveira-roxoi was proposed in the same paper in which
P. greslebini was described (Castellanos, 1942), based similarly
on an isolated caudal tube (MN 281-V). Castellanos (1942) noted
several distinctive characters present in the caudal tube of
P. oliveira-roxoi, including terminal figures not converging to a
point distally, lack of apical figures on the dorsal and ventral
surfaces, and a truncated apex, that would undoubtedly repre-
sent robust diagnostic characters because they have not been
reported for other species within Panochthus. Regrettably, as
already pointed out by Paula-Couto (1954) and Moreira (1971),
Castellanos (1942) based his descriptions on photographs of a
poorly restored specimen, rendering several crucial features
doubtful, at the very least. The apex region, which usually
presents the most useful characters to diagnose species of Pan-
ochthus, is completely restored. Moreira (1971) recognized this
problem and presented a shortened diagnosis for this species
based on a reassessment of the type specimen. However, most
diagnostic characters he proposed are valid for all species within
Panochthus (e.g., carapace osteoderms without main figures;
dorsoventrally flattened caudal tube). Curiously, he also men-
tioned the presence of a single apical figure on both the dorsal
and ventral surfaces, a condition apparently unique to P. gresle-
bini, but this feature is not visible in the restored specimen.
Therefore, there are no reliable specific diagnostic characters in
the purported holotype of P. oliveira-roxoi (MN 281-V), so this
species should be considered a nomen dubium rather than a syn-
onym of P. greslebini (contra Porpino and Bergqvist, 2002).
The type of Panochthus rochai corresponds to a distal portion

of a caudal tube (MN 292-V). Its preserved morphology is very
close to that of DNPM 1-M and MN 2760-V (see Porpino and
Bergqvist, 2002:fig. 3A–C), all attributed to P. greslebini. Paula-
Couto (1954) did not present a formal diagnosis for this taxon,
but provided a detailed description of the caudal tube followed
by a comparative discussion. Most characters reported by Paula-
Couto (1954) are common to all species assigned to Panochthus
(e.g., presence of conical tubercles in lateral and terminal figures,
length of lateral figures progressively decreasing proximally)
whereas others, such as a single marginal figure clearly posterior
to the posterior-most central figure and an apexian figure, are
compatible with the holotype of P. greslebini (DNPM 1-M;
Fig. 3). Consequently, the only features reported by Paula-Couto
(1954) that could distinguish P. rochai from P. greslebini are the
slight differences in the number and distribution of central fig-
ures on the ventral surface of caudal tube. These features,

FIGURE 6. Fragments of cephalic shields of Panochthus sp. from north-
eastern Brazil. A, MN 2759/4-V in external view; B, MN 2759/4-V in lat-
eral view; C, MN 2759/5-V in external view; D, MCC 1564V in external
view; E, MCC 1564V in lateral view; F, cephalic shield of Panochthus
tuberculatus for comparison (after Lydekker, 1895; not to scale).
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however, are variable in specimens that have been attributed to a
single species based on more reliable diagnostic characters (e.g.,
MN 2760-V, DNPM 1-M). In addition, variation in number and
position of central and marginal figures is observed even when
one compares the ventral and dorsal surfaces in a single caudal
tube. Therefore, we consider that these features are most appro-
priately regarded as intraspecific variation and that the evidence
supports the recognition of P. rochai as a junior synonym of
P. greslebini, as already proposed by Moreira (1971; see also Por-
pino and Bergqvist, 2002).

Phylogenetic Affinities of the Brazilian Species of Panochthus

The genus Panochthus has been traditionally included within
the Panochthini tribe (Hoffstetter, 1958; Paula-Couto, 1979;
McKenna and Bell, 1997; Fernicola, 2008) along with Nopach-
thus and Propanochthus (Hoffstetter, 1958; Paula-Couto, 1979;
Fernicola, 2008). Although the species included within Panoch-
thus share a suit of apparently unique characters, the inclusion of
this genus together with Nopachthus and Propanochthus in a sin-
gle clade seems more problematic. Some characters were for-
merly presented as potentially diagnostic for Panochthini
(Hoffstetter, 1958; Cattoi, 1966), including carapace osteoderms
uniformly ornamented by small figures only and the presence of
conical tubercle in lateral and terminal figures of the caudal
tube. Both are here considered ambiguous because they are
restricted to some genera within Panochthini or are observed in
genera outside it. Zamorano and Brandoni (2013) recently chal-
lenged the monophyly of Panochthini, based on a cladistics anal-
ysis of 35 characters from the skull, dentition, and exoskeleton.
In the consensus tree from four equally most parsimonious trees
resulting from their analysis, the species of Panochthus formed a
clade, sister to a group composed of Hoplophorus, Nopachthus,
Propanochthus, Stromaphorus, and Phlyctaenopyga. The Brazil-
ian species P. greslebini is positioned in the most derived node
within Panochthus together with P. subintermedius, whereas P.
jaguaribensis collapsed with P. intermedius in a basal position
relative to other species of this genus. Although the results
obtained by Zamorano and Brandoni (2013) are intriguing, we
have reservations on some specimens used for coding characters
and the coding of particular characters in their data matrix. We
disagree with these authors’ assignment of MLP 16-29 as the
neotype of P. tuberculatus (cf. Cruz et al., 2013; see Materials
and Methods) and AMNH 11243 as holotype of P. frenzelianus
(Fernicola et al., 2014). We also question the assignment of MLP
84-IX-2-11 (a skull) to Panochthus cf. P. subintermedius because
it was not previously described (it is not mentioned in a recent
redescription of P. subintermedius in Cruz et al., 2011), and no
additional information on its provenance is provided by Zamor-
ano and Brandoni (2013). Unfortunately, a revision of this mate-
rial is beyond the scope of the present paper. With regard to P.
jaguaribensis, Zamorano and Brandoni (2013) coded this species
for eight of the nine dorsal carapace characters they employed.
However, as discussed above, the carapace fragments originally
attributed to P. jaguaribensis by Moreira (1971; MN 2759/4 and
5-V) are actually fragments of the cephalic shield, whereas the
isolated osteoderms from the lateral region cannot be reasonably
attributed to this species and their morphology presents no varia-
tion relative to other species of Panochthus. In addition, the
characters and character states proposed by Zamorano and
Brandoni (2013) for the carapace and caudal tube were framed
in a terminology different from that proposed here, leading to
primary homology statements with which we do not concur.
Here we reevaluate the affinities of P. jaguaribens and P. gre-

slebini within Panochthus based on a matrix comprising 25 new
carapace and caudal tube characters coded for 11 taxa (Appen-
dix 1). The character and character states were proposed and
scored through direct examination of specimens and descriptions

and figures in the literature and follows the terminology dis-
cussed in Materials and Methods. From the 25 characters used,
two were treated as additive (see Appendix 2), following the
‘method of intermediates’ (see Lipscomb, 1992; Wilkinson,
1992), according to which a multistate character should be
ordered if its states could be identified as structural or numerical
intermediates (Wilkinson, 1992, 1993). The ingroup included the
following species of Panochthus (Appendix 1; see Materials and
Methods): Panochthus jaguaribensis, P. intermedius, P. subinter-
medius, P. tuberculatus, and P. greslebini. P. jaguaribensis was
coded only for caudal tube characters in the present analysis for
the reasons presented above. The outgroup comprises Hoplo-
phorus euphractus, the sister taxon to Panochthus (Porpino
et al., 2010; Zamorano and Brandoni, 2013), Nopachthus coag-
mentatus, Nopachthus cabrerai, Pseudoplohophorus absolutus,
Propanochthus bullifer, and Neosclerocalyptus ornatus. The data
matrix (Appendix 3) was analyzed using the implicit enumera-
tion algorithm of TNT version 1.1 program (Goloboff et al.,
2008). In discussing clade support, we report only unambiguous
synapomorphies. Nodal stability was evaluated by calculating
Bremer support (Bremer, 1994) and performing a bootstrap
analysis (Felsenstein, 1985) with the same settings as the original
analysis by using the branch-and-bound algorithm and 1000 ran-
dom replicates.
The analysis resulted in one single MPT (Fig. 7; TL D 36;

CI D 82; RI D 84), and all but one character were parsimony-
informative. The Bremer and bootstrap values are low for the
most apical clades. The unambiguous synapomorphies support-
ing all clades, except node H, show perfect fit to the tree
(ci D 1). The topology of our MPT agrees with Zamorano and
Brandoni (2013) in that Panochthini, as traditionally defined, is
not monophyletic and Propanochthus is more closely related to
Nopachthus cabrerai than to Panochthus. However, N. cabrerai
and Propanochthus are closer to Panochthus than Hoplophorus
(contra Zamorano and Brandoni, 2013). Interestingly, our results
indicate that Nopachthus is not a monophyletic genus.
Concerning the main goal of the present analysis, the species

formally attributed to Panochthus constitute a monophyletic
group, further resolved here than in Zamorano and Brandoni
(2013) and supported by two unambiguous synapomorphies:
absence of main figures in the osteoderms of the mid-dorsal
region of the dorsal carapace (1:1) and main figures in osteo-
derms from the lateral region of the dorsal carapace restricted to
two to nine longitudinal rows near the lateral border (4:1). The
absence of main figures in the dorsal and most of the lateral
regions of the dorsal carapace has been traditionally considered
a diagnostic character for Panochthus (Burmeister, 1870–1874;
Ameghino, 1889; Cattoi, 1966), and in this sense this particular
result is not surprising. P. intermedius appears as the stem species
within node E, as in the precladistic scenario of Castellanos
(1942). Node F, which includes the remaining species of Panoch-
thus, is supported by main figures on osteoderms present in two
rows plus the posterior border (2:1) and central figures in the
proximal half of the dorsal surface of caudal tube scattered dis-
tributed (24:2). Within node F, P. tuberculatus is the sister taxa
to a clade comprising the Brazilian species plus P. subinterme-
dius (node G), which is supported by a single unambiguous syn-
apomorphy, represented by three or more marginal figures
clearly posterior to the distal-most central figure on the ventral
surface of caudal tube (12:1). As in Zamorano and Brandoni
(2013), P. greslebini and P. subintermedius are sister taxa and are
placed in the most derived node within Panochthus (node H),
which is diagnosed by the presence of a single marginal figure
clearly posterior to the distal-most central figure on the dorsal
surface of caudal tube. This is a curious result because the Ense-
nadan species P. subintermedius was believed to be more basal
relative to Bonaerian-Lujanian species such as P. tuberculatus
and P. greslebini (cf. Castellanos, 1942). According to
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Castellanos (1942), in the carapace of P. subintermedius the
osteoderms bearing main figures occupy fewer areas than in P.
intermedius but more than in P. tuberculatus, hence its originally
inferred ‘intermediary’ phyletic position (i.e., more derived than
P. intermedius but more basal than the Bonaerian-Lujanian spe-
cies). However, the carapace fragments included in the holotype
of P. subintermedius do not support Castellanos’ description,
because main figures are present only in the osteoderms consti-
tuting the posterior border (Cruz et al., 2011:fig. 2).
The position of P. jaguaribensis as sister to node H contrasts

with its more basal allocation in the consensus tree of Zamorano
and Brandoni (2013), a result which likely reflects the coding of
this species for carapace characters by these authors. Therefore,
P. jaguaribensis is deeply nested within Panochthus, a situation
that also clearly contrasts with the previous hypothesis of Mor-
eira (1971). In this species, the presence of poorly developed
conical tubercles (8:1) is optimized as an autapomorphic rever-
sion instead of a plesiomorphy shared with Propanochthus (con-
tra Moreira, 1971). Finally, if we take into account that the ages
obtained for tank deposits accumulations in northeastern Brazil
ranges from ca. 0.09 to 0.06 Ma (see Materials and Methods),
corresponding approximately to the late Lujanian age (Tonni,
2009), the alliance of the northeastern Brazil species with
P. intermedius would imply a significant ghost lineage for both
P. greslebini and P. jaguaribensis extending back at least from
the Ensenadan age.

CONCLUSIONS

P. greslebini and P. jaguaribensis are valid species within Pan-
ochthus and are diagnosed by a unique combination of charac-
ters from caudal tube. At least one fragment of carapace and
some postcranial elements found during the early 1960s in associ-
ation with a caudal tube in Tapero�a, Paraiba State, can be confi-
dently assigned to P. greslebini, although they are not diagnostic.
However, isolated osteoderms or carapace fragments found else-
where cannot be unambiguously attributed to this species. In
addition, the purported caudal tube of P. greslebini recently
reported from Argentina does not present the diagnostic

combination of characters of this species and should be consid-
ered as Panochthus sp.
The purported carapace fragments assigned to P. jaguaribensis

and described in previous works are in fact fragments of cephalic
shields. On the other hand, the isolated osteoderms from
Tapero�a assigned to this species are from the rows near the lat-
eral border, and their morphology is not diagnostic. Both the iso-
lated osteoderms and the cephalic shield from Tapero�a cannot
be confidently assigned to P. jaguaribensis.
P. rochai is clearly a synonym of P. greslebini, whereas

P. oliveira-roxoi should be considered a nomen dubium. In the
MPT obtained in our cladistic analysis, P. jaguaribensis is the sister
group to a clade formed by P. subintermedius and P. greslebini.
Although this clade has been recently proposed, the position of
P. jaguaribensis contrasts with all previous hypotheses that suggest
a more basal position for this species. Thus, we see no morphologi-
cal reason to excludeP. jaguaribensis fromPanochthus.
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APPENDIX 1. Specimens examined and references consulted
for comparisons and cladistic analysis.

Pseudoplohophorus absolutus: FC-DPV-475, 595 (holotype)
Neosclerocalyptus ornatus:Ameghino (1889); Lydekker (1895)
Hoplophorus euphractus:MHN 1003, 1005; Paula-Couto (1957)
Nopachthus coagmentatus: MLP 16-122 (holotype); Ameghino
(1889); Castellanos (1942)

Nopachthus cabrerai: MACN 2670 (holotype); Zamorano et al.
(2011)

Propanochthus buliffer: MACN 1761 (holotype); Burmeister
(1870–1874); Ameghino (1889); Lydekker (1895); Castellanos
(1942)

Panochthus jaguaribensis:MNRJ 2759-1V; Moreira (1965, 1971);
Porpino and Bergqvist (2002)

Panochthus intermedius: MLP 16-36 (holotype); Lydekker
(1895); Castellanos (1942); Zurita et al. (2011)

Panochthus subintermedius: MACN-Pv 5130 (holotype); Castel-
lanos (1942)

Panochthus tuberculatus: Burmeister (1870–1874); MACN 1745
Panochthus greslebini: DGM 1-M (Holotype); MNRJ 2760-1V;
Castellanos (1942); Moreira (1971); Porpino and Bergqvist
(2002)

APPENDIX 2. Description of character and character states
used in the cladistic analysis. Characters marked with an asterisk
(*) are ordered. Abbreviations: L1, L2, lateral figures of caudal
tube.

1. Main figure in osteoderms from mid-dorsal section of cara-
pace: (0) present (1) absent.

2. Main figure on osteoderms of the transverse rows at the
posterodorsal section of carapace: (0) present in at least
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three rows plus posterior border; (1) present in two rows
plus posterior border or restricted to the posterior border.

3. Osteoderms with main figures on the anterodorsal region of
carapace: (0) present; (1) absent.

4. Osteoderms with main figures on the lateral region of cara-
pace: (0) present on entire lateral side; (1) restricted to two
to nine longitudinal rows near the lateral border.

5. Main figures with convex surface in the osteoderms on the
posterodorsal section of carapace (except posterior border):
(0) absent; (1) present.

6. Maximum number of rows of peripheral figures between
main figures of adjacent osteoderms on the posterodorsal
section of carapace (except posterior border): (0) two;
(1) more than two.

7. Maximum number of rows of peripheral figures between
main figures of adjacent osteoderms on the anterodorsal
section of carapace (except anterior border): (0) two;
(1) more than two.

8. *Conical tubercles in L1: (0) absent; (1) present, poorly
developed; (2) present, well developed.

9. Conical tubercles on terminal figures of caudal tube:
(0) absent; (1) present.

10. Relation between opposite terminal figures on dorsal side of
caudal tube: (0) contact or nearly contact each other dor-
sally; (1) clearly separated dorsally.

11. Number of marginal figures clearly posterior to the distal-
most central figure on dorsal side of the caudal tube:
(0) one; (1) three or more.

12. Number of marginal figures clearly posterior to the distal-
most central figure on ventral side of the caudal tube:
(0) one; (1) three or more.

13. Separation between terminal figure and L1: (0) nearly con-
tacting each other; (1) clearly separated.

14. Position of L1 relative to L2: (0) in contact or nearly in con-
tact; (1) clearly separated.

15. Dorsoventral diameter of L1 relative to the dorsoventral
diameter of caudal tube in its corresponding position:

(0) dorsoventral diameter of L1 clearly < dorsoventral
diameter of caudal tube; (1) dorsoventral diameter of
L1 nearly matches the dorsoventral diameter of caudal
tube.

16. Shape of L1: (0) short, ratio length/width �1.5; (1) elon-
gated, ratio length/width >1.5.

17. Relative length of terminal figure and L1: (0) L1 < terminal;
(1) L1 > terminal.

18. Size pattern of marginal figures relative to the central figures
on the distal half of caudal tube in dorsal view: (0) figures
with similar size pattern, the largest marginal figures less
than twice the size of the largest central ones; (1) figure with
different size pattern, largest marginal figures more than
twice the size of the largest central ones.

19. Size pattern of marginal figures relative to the central ones
on the distal half of caudal tube in ventral view: (0) figures
with similar size pattern, the largest marginal figures less
than twice the size of the largest central ones; (1) figures
with distinct size pattern, largest marginal figures more than
twice the size of the largest central ones.

20. Surface of the marginal figures on dorsal side of the distal
half of the caudal tube: (0) plane to slightly convex or
slightly concave; (1) markedly convex; (2) markedly
concave.

21. Texture of marginal figures on dorsal side of caudal tube:
(0) smooth; (1) rugose with perforations; (2) rugose with
striations.

22. Texture of L1 and terminal figures: (0) smooth; (1) rugose
with perforations; (2) rugose with striations.

23. Number of lateral figures posterior to the proximal fused
posterior-most caudal ring: (0) >5; (1) �5.

24. *Central figures in proximal half on dorsal side of
caudal tube: (0) well represented, arranged in transverse
rows; (1) moderately represented, some figures arranged
into transverse rows; (2) poorly represented, figures
scattered.

25. Apexian figure: (0) absent; (1) present.
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APPENDIX 3. Character-taxon matrix used for phylogenetic analysis. States marked with a question mark are missing and with an
N inapplicable.

05 10 15 20 25

Pseudoplohophorus
absolutus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Neosclerocalyptus
ornatus

0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Hoplophorus
euphractus

0 0 0 0 0 1 0 2 1 1 1 ? 1 N 1 1 0 0 ? 0 1 1 1 0 1

Nopachthus
coagmentatus

0 0 0 0 0 1 ? 2 0 ? ? ? 0 ? 1 1 1 ? ? 1 1 1 ? ? ?

Nopachthus
cabrerai

0 0 0 0 1 1 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Propanochthus
bullifer

? 0 ? ? 1 1 ? 1 ? ? ? ? ? 1 1 1 ? 1 1 0 1 2 0 0 ?

Panochthus
jaguaribensis

? ? ? ? ? ? ? 1 1 1 1 0 1 1 1 1 1 1 1 2 2 2 1 2 0

Panochthus
greslebini

1 ? ? ? ? ? ? 2 1 1 0 0 1 1 1 1 1 1 1 2 2 2 1 2 1

Panochthus
tuberculatus

1 1 1 1 0 1 N 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 0

Panochthus
subintermedius

1 1 ? ? 0 ? ? 2 1 1 0 0 1 1 1 1 1 1 1 2 2 2 1 1 0

Panochthus
intermedius

1 0 0 1 0 1 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? 2 ? 0 ?
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