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Figure 4. A-D, Smilodon populator, right humerus in posterior (A, C) and anterior (B, D) views. E-H, Arctotherium sp., distal epiphysis of left
humerus in anterior (F, H) and posterior (E, G) views. Abbreviations: 1, lateral epicondyle; 2, capitulum; 3, trochlea; 4, medial epicondyle; 5,
entepicondylar foramen; 6, entepicondylar bar; 7, olecranon fossa; 8, shaft; 9, lateral supracondylar crest; 10, deltoid crest; 11, humeral head;

12, greater tubercle. Scale bars = 40 mm.

the edges are minimal. All these descriptions are compatible
with the specimen IGC-10 attributed to Arctotherium by
Cartelle (1998).

Remarks. The Ursidae subfamily Tremarctinae was
distributed exclusively in the Americas. It probably originated
in Central Western North America, reaching South America
during the so called “Great American Biotic Interchange”,
from the late Miocene to the Holocene (Soibelzon et al.,
2005). In a systematic review of the Tremarctinae, Soibelzon
(2004) recognized a single genus (Arctotherium) and five
species for this group in South America (4. augustinenses,
A. wingei, A. vetustum, A. bonariense and A. tarijense).
Arctotherium was recorded in Brazil in the states of Minas
Gerais, Ceard, Bahia, Rio Grande do Norte and possibly Rio
Grande do Sul (Trajano & Ferrarezi, 1994; Cartelle, 1998;
Lessa et al., 1998; Soibelzon et al., 2005; Porpino et al.,
2004; Pereira et al., 2012). With the occurrences registered
in the present paper a new geographical distribution for
Arctotherium in South America is configured, now including
the Brazilian territory of Mato Grosso do Sul. A primarily
herbivore diet has been attributed to 4. wingei (Figueirido
& Soibelzon, 2009). According to Soibelzon & Schubert

(2011), large guilds of big carnivores would have increased in
diversity after the “Great American Biotic Interchange”, and
smaller species of Arctotherium could have changed their diets
to herbivory or omnivory in response to competitive pressures
with large carnivores. However, our specimen is bigger than
other Arctotherium specimens previously reported to Brazil.
Some authors claim that Arctotherium was associated with
arid and semi-arid paleoenvironments (Trajano & Ferrarezzi,
1994) and even to cold environments resultant from glacial
events during the Late Pleistocene (Lopez et al., 2008).
If this statement is correct, the distribution of Arctotherium
may indicate that the Serra da Bodoquena was more arid in
that period.

CLUSTER ANALYSIS

The greatest Euclidean Distance Index (EDI) (6,0827625)
obtained is between Brazilian Intertropical Region (BIR)
and Pampean Region (PR). The lesser EDI (3,6055513) is
observed between Mato Grosso do Sul (MS) and Sao Paulo
(SP), and between Rio Grande do Sul (RS) and Uruguay (Uru)
(Table 2). The state of the MS, SP and BIR form a group,
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Table 2. Euclidian Distance Index among paleozoogeographical zones in South America.

SP RS BIR PR MS NCA/SB/P MR Uru
SP 0 5,099019 4,242640 5,916079 3,605551 5,099019 4,690415 4,582575
RS 5,099019 0 4,898979 4,582575 5 4,690415 4,242640 3,605551
BIR 4,242640 4,898979 0 6,082762 3,872983 5,656854 5,656854 5,567764
PR 5,916079 4,582575 6,082762 0 5,830951 4,358898 4,795831 4,690415
MS 3,605551 5 3,872983 5,830951 0 5,196152 4,795831 4,690415
NCA/SB/P 5,099019 4,690415 5,656854 4,358898 5,196152 0 4,242640 4,123105
MR 4,690415 4,242640 5,656854 4,795831 4,795831 4,242640 0 3,872983
Uru 4,582575 3,605551 5,567764 4,690415 4,690415 4,123105 3,872983 0
o between 30°-39°S and 57°-66°W, with current climate
% ranging from temperate to humid subtropical (Prado &
2 Alberdi, 2010). According to Tonni & Figalgo (1978), during
& (2) 02: ¢ % % g &5 Pleistocene the climatic conditions alternated between arid
0.0 or semi-arid and humid. The predominance of dry and cold
064 climate in the late Pleistocene is suggested by the presence of
fossil pollen especially from the Brassicaceae (Quattrocchio et
1.29 al., 2008), and of fossil of extant mammals from Patagonian
1.8 and Central sub-regions, associated to arid or semi-arid
and cold weathers (Microcavia australis and Pediolagus
o 247 salinicola) (Tonni, 1981, 1985; Tonni et al., 1992; Prado &
g 3.0, Alberdi, 2010).
o Based on fossils from the Upper Ribeira speleological
3.6+ I deposits, Ghilardi et al. (2011) considered the states of Sdo
4. —|:’_, Paulo and Southern Brazil as the transition area between
the BIR and PR. According to them, this transition area
4.8 encompassed a combination of megafauna species recurrent
5.4 in both BIR and PR, with greater taxonomical affinity to BIR.
Carlini et al. (2004) considered four paleozoogeographical
6.0-

Figure 5. Cluster analysis indicating greater taxonomical affinity
among Mato Grosso do Sul (MS), Sdo Paulo (SP) and the Brazilian
Intertropical Region (BIR). The state of Rio Grande do Sul (RS) is
more similar to Uruguay (Uru). The group composed by RS and Uru,
Mesopotamian Region (MR), north central Argentina, South of Bolivia
and Paraguay (NCA/SB/P) share most of their taxa from Pampean
Region (PR).

whereas RS, Uruguay, North central Argentina, South of
Bolivia and Paraguay (NCA/SB/P) and Mesopotamian Region
(MR) share greater taxonomical affinity to PR, forming a
second group (Figure 5).

PALEOBIOGEOGRAPHY AND
PALEOENVIRONMENT

Cartelle (1999) defined the Brazilian Intertropical
region (BIR) as a paleozoogeographical region especially
characterized by the presence of large mammals in savannahs
ca. 20,000-10,000 years BP. BIR included the states of Goias,
Minas Gerais, Rio de Janeiro, Espirito Santo, Bahia, Sergipe,
Alagoas, Pernambuco, Rio Grande do Norte, Paraiba, Ceara
and Piaui. The Pampean region (PR) is located in Argentina

zones in Southern portion of South America (Figure 6): (i)
North central Argentina, South of Bolivia and Paraguay
(NCA/SB/P); (ii) Mesopotamian region (MR); (iii) Rio
Grande do Sul and Uruguay (RS/Uru); (iv) Pampean region.
However, these authors noted high taxonomical similarity
between NCA/SB/P and PR; whereas the MR and RS/Uru
would share taxa from both PR and BIR. The taxonomical
affinities between Paraguay and PR have been noticed by
Carlini & Tonni (2000), Souberlich & Uchoa (2013) and Diaz
et al. (2014) as well.

The cluster analysis (Figure 5) performed herein shows
that Mato Grosso do Sul has greater taxonomical affinity to
Sao Paulo, and both share the most of taxa from BIR. This
result corroborates Ghilardi et al. (2011) who proposed a
greater taxonomical similarity between the state of Sdo Paulo
and BIR, relative to PR. Therefore it is suggested herein an
expansion of BIR, which should include Mato Grosso do Sul
(Figure 6). Additionally our results confirm partially Carlini ez
al. (2004), who hypothesized greater taxonomical affinity: (i)
between Rio Grande do Sul and Uruguay (composing a single
area); (ii) between the Mesopotamian region and that area
constituted by Rio Grande do Sul and Uruguay. However, the
EDI is lesser between NCA/BS/P and Uruguay; and between
NCA/SB/P and MR. Therefore, the hypothesis of greater
taxonomical affinity between NCA/SB/P and PR is not clear.
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Figure 6. Paleozoogeographical zones in South America during the
late Pleistocene.

As Prado et al. (1987) claimed, at the late Pleistocene, the
PR probably had much lower winter temperatures than today’s
average, which led to the dispersion of some species towards
the North. In this context, it is likely that species from PR
(e.g. Scelidotherium, Megatherium, Lestodon armatus and
Glyptodon) dispersed to warmer areas, reaching Paraguay,
South of Bolivia, North Argentina, Southern Brazil, Sao Paulo
and Mato Grosso do Sul.

As mentioned by Ghilardi et al. (2011), the presence
of taxa from temperate region in the state of Sdo Paulo
can indicate that this region and Southern Brazil formed a
transitional zone between temperate and intertropical regions.
In this context, some authors have mentioned, doubtfully, the
presence of Megatherium and Glyptodon in Mato Grosso
do Sul (Scheftler, 2006; Salles et al., 2006). If this assertion
is confirmed, Mato Grosso do Sul could be included in the
transitional zone.

The occurrence of taxa associated with different
paleoenvironmental contexts led us to hypothesize that Serra
da Bodoquena would be marked by large areas of grasslands
and forest fragments or spots, and lower temperatures than
the current ones (between 20° and 22° Celsius in average)
during the late Pleistocene. This assumption can be compared
to other paleoclimate data from Central Brazil, which indicates
drier environmental conditions from 22,000-11,500 years

BP, followed by an increase in humidity in the last 7,000
years (Salgado-Labouriau et al., 1997; Barberi et al., 2000).
Drier conditions during the late Pleistocene have also been
inferred for regions adjacent to the Serra da Bodoquena, like
the Pantanal, specifically in the alluvial fan of the Taquari
River (Soares et al., 2003).

CONCLUSIONS

The present paper is the first attempt to correlate the
Pleistocene fauna from Serra da Bodoquena to other South
American paleozoogeographical regions. Our data strongly
suggest that species of the genus Arctotherium, a third species
of Scelidotheriinae unidentified and a second species of the
Nothrotheriinae was distributed throughout the Western
portion of the State of Mato Grosso do Sul during the
Pleistocene.

The result of cluster analysis reinforces the hypothesis
that the State of Mato Grosso do Sul took part of Brazilian
Intertropical region. Likely the State of Sdo Paulo served
as a transitional zone contacting Northern, Northeastern
and Southern regions of South America. However, the
same it is not clear for Mato Grosso do Sul, which the
presence of taxa from Pampean region need to be confirmed.
The state of Rio Grande do Sul keeps greater similarity
to North central Argentina, South of Bolivia, Paraguay,
Mesopotamian region, Pampean region and Uruguay than
to Brazilian Intertropical region. Additionally, a greater
paleozoogeographical affinity between Rio Grande do Sul
and Uruguay is corroborated.

Paleoenvironmental inferences from the identified taxa
indicate drier scenarios with larger areas of open vegetation
in the Pleistocene/Holocene transition when compared to
the current characterization of Serra da Bodoquena. Future
studies, including the analysis of stable isotopes and absolute
dating, should be made in order to offer a more complete
picture of the paleoenvironmental aspects of this region.
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