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Abstract. This contribution details new records of Notoungulata and Astrapotheria from the exposures of the Santa Cruz Formation in the
Rio Santa Cruz (Early—Middle Miocene; Province of Santa Cruz). The astrapothere Astrapotherium sp. Burmeister, the notoungulate toxodonts
Homalodotherium sp. Flower, Nesodon sp. Owen and Adinotherium sp. Ameghino, and the typotheres Hegetotherium mirabile Ameghino, Interatherium
sp. Ameghino, Protypotherium sp. Ameghino, P. attenuatum Ameghino, P. australe Ameghino and P. praerutilum Ameghino are recognized in the
localities Barrancas Blancas and Segundas Barrancas Blancas. Nesodon imbricatus Owen was recorded in the former and Adinotherium ovinum
(Owen) in the latter locality. The typothere Pachyrukhos moyani Ameghino was identified only in Segundas Barrancas Blancas, but with nu-
merous specimens. Only the large ungulates Astrapotherium magnum (Owen) and Adinotherium sp. were recorded in Yaten Huageno. At a generic
level, Barrancas Blancas and Segundas Barrancas Blancas only differ by the presence of Pachyrukhos Ameghino in the latter; at Yaten Huageno
the Typotheria, Homalodotheriidae and Nesodon have not been recorded. The general faunal composition, including the larger samples from
Barrancas Blancas and Segundas Barrancas Blancas, matches the record from the better-known Santacrucian localities from the Atlantic coast.
This faunal similarity implies that similar environmental conditions prevailed in the two areas, indicating that the localities from Rio Santa Cruz,
as the Atlantic coastal localities, would have constituted a complex mosaic of open and closed habitats.

Key words. Notoungulates. Astrapotheres. Typotheria. Toxodontia. Ameghino. Santacrucian.

Resumen. NOTOUNGULATA'Y ASTRAPOTHERIA (MAMMALIA, MERIDIUNGULATA) DE LA FORMACION SANTA CRUZ (MIOCENO TEMPRANO-
MEDIO) A LO LARGO DEL RIO SANTA CRUZ, PATAGONIA ARGENTINA. Esta contribucion involucra un reporte faunistico de los nuevos registros
de Notoungulata y Astrapotheria provenientes de los yacimientos de la Formacion Santa Cruz del Rio Santa Cruz (Mioceno Temprano—Medio;
provincia de Santa Cruz). El astrapoterio Astrapotherium sp., los notoungulados toxodontes Homalodotherium sp. Flower, Nesodon sp. Owen
y Adinotherium sp. Ameghino, y los tipoterios Hegetotherium mirabile Ameghino, Interatherium sp. Ameghino, Protypotherium sp. Ameghino, P.
attenuatum Ameghino, P. australe Ameghino y P. praerutilum Ameghino fueron reconocidos en Barrancas Blancas y Segunda Barrancas Blancas.
Las especies Nesodon imbricatus Owen y Adinotherium ovinum (Owen) fueron identificados en la primera y en la segunda localidad, respectiva-
mente. El tipoterio Pachyrukhos moyani Ameghino fue identificado Gnicamente en Segundas Barrancas Blancas, pero a través de numerosos
ejemplares. Solo los ungulados de gran talla Astrapotherium magnum (Owen) y Adinotherium sp. fueron reconocidos en Yaten Huageno. A un nivel
supraespecifico, Barrancas Blancas y Segundas Barrancas Blancas difieren por la presencia de Pachyrukhos Ameghino en la segunda, mien-
tras que en Yaten Huageno los Typotheria, Homalodotheriidae y Nesodon no han sido identificados. La composicion faunistica general, inclu-
yendo las grandes muestras provenientes de Barrancas Blancas y Segundas Barrancas Blancas, coincide con la registrada en las localidades
Santacrucenses mas conocidas de la costa Atlantica. Esta similitud faunistica permite inferir, preliminarmente, similares condiciones ambien-
tales, indicando que las localidades del Rio Santa Cruz podrian haber constituido un complejo mosaico de ambientes abiertos y cerrados.

Palabras clave. Notoungulados. Astrapoterios. Typotheria. Toxodontia. Ameghino. Santacrucense.

THE EXTINCT South American native ungulates (SANUs) con-  of mammals. They consist of five orders: Astrapotheria,

stitute a remarkable widespread and highly diverse group  Litopterna, Notoungulata, Pyrotheria, and Xenungulata
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(Patterson and Pascual, 1968; Simpson, 1980; Cifelli, 1993;
Bond et al, 1995). Their phylogenetic relationships have
been little explored, and although there has been progress
in the last few years, they are still not resolved (e.g, Cifelli,
1985, 1993; Gelfo et al, 2008; Billet, 2010, 2011; Buckley,
2015; Welker et al, 2015; Fig. 1).

Among the SANUs, only notoungulates, astrapotheres

and litopterns survived until the Miocene, or later. The order

Equus sp.

Equus caballus

Notoungulata is by far the most diverse and abundant clade
within the SANUs at a morphological, taxonomic and eco-
logical level (Simpson, 1936; Patterson and Pascual, 1972;
Cifelli, 1993; Croft, 1999; Cassini et al, 2012). They are united
by features of the ear region (Patterson, 1934; Simpson,
1948, 1967, 1980) and cheek teeth, including a structure on
the upper molars known as the “crochet” (Patterson, 1934;
Simpson, 1948, 1967, 1980). Notoungulates are divided into

— Paedotherium
Prosotherium
_: Hegetotherium
Prohegetotherium
Archaeohyrax Archaeohyracidae
Archaeotypotherium Archaeohyracidae

Hegetotheriidae

Equus asinus

Tapirus terrestris
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Protypotherium
Federicoanaya
Typotheria Notopithecus
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Figure 1. Phylogenetic hypothesis. 1, Clade Panperissodactyla, modified from Welker et al. (2015); 2, Clade Notoungulata, modified from

Billet (2011).
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two basal (and unnatural) families (Notostylopidae and
Henricosborniidae) plus two monophyletic suborders,
Toxodontia and Typotheria (Cifelli, 1993; Billet, 2011). The
toxodonts include large to very large herbivores that share
some convergent features with horses, bisons, hippos or
rhinos (Ameghino, 1907; Scott, 1912; Bond, 1999), whereas
the typotheres were small to medium-sized herbivores
(Patterson and Pascual, 1968; Bond, 1986; Croft et al, 2004;
Billet et al, 2008; Elissamburu, 2011) many of which exhibit
rodent or rabbit-like cranial and/or postcranial characteristics.

Astrapotheria are among the most peculiar and largest
mammals among the Tertiary native faunas of South America
(Kramarz and Bond, 2009), being the only Miocene taxon
with dental enamel distributed in vertically oriented Hunter-
Schreger bands. Many astrapothere taxa exhibit strongly re-
tracted nasals that suggest the presence of a proboscis;
they have a reduced dental series, enlarged canines and
brachydont rhino-like cheek teeth (Ameghino, 1894; Scott,
1937; Kramarz and Bond, 2009). The third order within the
Miocene SANUSs, Litopterna, includes large to very large
animals similar to small horses and camelids, which are re-
viewed by Schmidt et al. (2019).

Notoungulates and astrapotheres are common in the
Santa Cruz Formation (SCF; Burdigalian—early Langhian) in

Patagonia. The unit is one of the most widespread conti-

nental formations in South America, and contains the richest
pre-Pleistocene assemblage of mammal skulls and articu-
lated skeletons in the continent (Kay et al, 2008; Vizcaino
etal, 2010, 2012a). The SCF is part of the infill of the Austral
(= Magallanes) Basin of the Province of Santa Cruz, and it
crops out in the northwest, the central area along the Rio
Santa Cruz (Fernicola et al, 2014; Cuitifo et al, 2016) and Rio
Chalia (Vizcaino et al, 2018), and in the southeast along the
Atlantic coast (Vizcaino et al, 2012b). The unit is composed
of mudstones, tuffaceous sandstones, and tuffs deposited
in fluvial environments under the influence of intense ex-
plosive pyroclastic input (see Cuitifio et al, 2019 for the geo-
logical background). The outcrops of SCF along the southern
margin of the Rio Santa Cruz (RSC) are concentrated in three
localities (Fernicola et al, 2014, 2019): Barrancas Blancas
(550°9'38.31"-W69° 40" 23.40" to S50° 12'31.70" - W
69° 43' 10.66"), Segundas Barrancas Blancas (S 50° 16
12.48" - W 70° 22" 23.21"to S 50° 16'51.90" - W 70° 17’
54.76"), and Yaten Huageno (S 50° 15" 17.48" - W 71° &'
9.56"to S50° 15 17.48" - W 71° 4'9.56"; Fig. 2). Based on
radiometric ages, the entire SCF represents a span of ~18.0
to 15.6 Ma; the localities along the Atlantic coast range be-
tween ~18.0 to 16.0 Ma (Fleagle et al, 2012; Perkins et al,
2012; Trayler et al, 2019), and between ~18.2 to 15.6 Main

Rio Bote and Rio Santa Cruz localities (Cuitino et al, 2016).

69°

N

Comandante
Piedrabuenaj

° M&DOS

>

Figure 2. Map of the study area. 1, Argentina, emphasizing the Province of Santa Cruz; 2, Rio Santa Cruz with the prospected localities and
estancias mentioned in the text. BB, Barrancas Blancas; SBB, Segundas Barrancas Blancas; YH, Yaten Huageno; Ea., Estancia. Modified from

Fernicola et al. (2014).
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The fossil remains collected by Carlos Ameghino from the
exposures of the SCF along the Rio Santa Cruz valley were
described by his older brother Florentino Ameghino (1887a,b,
1889) and produced the data on which he based his Formacion
Santacrucena and Piso Santacrucefio (Ameghino, 1889; cur-
rently the SCF). Ameghino (1900-1902) divided the former
into two stages, naming the older as the Notohippidien and
the younger as the Santacruzienne, which was later for-
malized as the Santacrucian SALMA by Pascual et al. (1965).
Despite the historical importance of the material from the
Rio Santa Cruz in characterizing Santacrucian fauna, these
localities passed into obscurity (Vizcaino et al, 2012a, 2013;
Fernicola et al, 2014), overshadowed by the rich faunas
from extensive exposures of the SCF in the southeast of the
Province of Santa Cruz along the Atlantic coast (Marshall
and Pascual, 1976; Tauber, 1994, 1997a,b, 1999; Vizcaino
et al, 2012a,b; Fernicola et al, 2014, 2019). The Rio Santa
Cruz localities were so neglected that even the type locality
of the Santacrucian SALMA was proposed to be Monte Ledn
in the coastal region (Marshall et al, 1983).

This contribution focuses on the Notoungulata and
Astrapotheria recovered from the exposures of the SCF
along the Rio Santa Cruz valley at three localities: Barrancas
Blancas, Segundas Barrancas Blancas, and Yaten Huageno,
which recent extensive fieldwork has provided new mate-
rial after a lapse of more than a century since the explo-
rations of C. Ameghino. We report the astrapothere and
notoungulate specimens recovered from these three locali-
ties along the Rio Santa Cruz in the last few years, compare
them with those from the Atlantic Coast localities, and pro-
pose a paleoecological scenario for these RSC localities based
on the recovered astrapothere and notoungulate content.

Historical and taxonomic background

The exposures of the SCF at the Rio Santa Cruz valley
were first explored in 1876-1877 by Francisco Moreno
(1879), who collected a few, but remarkable fossil mammals.
Based on these materials, Burmeister (1879) used a well-
preserved skull to describe the new taxon Astrapotherium
patagonicum Burmeister,1879 (Astrapotheria) (without
Moreno's permission; Moreno, 1882, p. 114), and Florentino
Ameghino (1887a) named the notoungulates Interatherium

rodens Ameghino, 18873, Protypotherium australe Ameghino,
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1887a and Protoxodon patagonensis Ameghino, 1887a. Also
from the RSC, Ameghino (1885) had already founded the
notoungulate Pachyrukhos moyani Ameghino, 1885 based on
several specimens given to him in 1885 by Carlos Moyano,
who was governor of the Territory of Santa Cruz.

In 1887, Carlos Ameghino, who was the fossil prepara-
tor of the Museo de La Plata (MLP) explored the Rio Santa
Cruz, as part of his first collecting trip to Patagonia on behalf
of that institution (Farro, 2009; Podgorny, 2009; Fernicola,
2011a,b; Vizcaino, 2010; Vizcaino etal, 2012a,b, 2013). He
returned with more than 2000 fossil specimens (Ameghino,
1887b; Ameghino, 1890), initially deposited at the MLP
(Ameghino, 1887b; Fernicola, 2011a,b). Many of them were
quickly studied and published by Florentino in a brief paper, in
which he recognized 122 taxa, of which 110 were new species
(Ameghino, 1887b). Among them were the astrapothere
Astrapotherium patagonicum and 27 notoungulates (including
22 new species; see Appendix 1).

Two years after, and subsequent to his leaving from
the MLP, F. Ameghino (1889) published “Contribucion al
Conocimiento de los Mamiferos Fésiles de la Argentina”, in
which he described and figured all known fossil mammals
of Argentina, including approximately 40 astrapotheres and
notoungulates from the RSC, and founded ten new notoun-
gulate species (see Appendix 1). Among these taxa, Ameghino
(1889) erected Patriarchus Ameghino, 1889 with P. palmidens
Ameghino, 1889, but Fernandez et al. (2019a) proved that
the holotype of P. palmidens did not come from the RSC, but
from the SCF in Rio Bote, a western locality in the Province
of Santa Cruz. Almost all of the specimens figured in
Ameghino’s Atlas (1889), many of which were type speci-
mens collected by Carlos that should be housed at the MLP,
remained in Florentino's private collection when he left the
institution (see Fernicola, 2011a,b; Fernandez et al, 2018,
2019b). Currently, the collection forms part of the Ameghino
Collection housed at the Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”. This collection also in-
cludes specimens collected by Carlos in other exposures of
the SCF, which were latter used by Florentino (Ameghino,
1891a,b,c,d, 1894, 1899) to erect almost 50 new species
within Astrapotheria and Notoungulata.

Mercerat (1890, 1891) revised the astrapotheres and
the toxodonts from the SCF housed at the MLP. He recog-
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nized two new astrapotheres from the exposures in the RSC
and six from other localities (Mercerat, 1890), which were
later synonymized with Astrapotherium magnum (Owen,
1853) by Ameghino (1891b) and Lydekker (1894). Within the
Toxodontia, Mercerat (1891) erected almost 30 species
from the RSC and nine from other exposures of the SCF. All
of these species were later considered as synonyms of
many of Ameghino’s toxodontid nesodontines by Lydekker
(1894) and, mainly, by Ameghino (1891a,b, 1894).

Santacrucian Astrapotheria and Notoungulata were re-
vised during the beginning of the 20t century by several
American naturalists, who reduced by ~45 % Ameghino’s
(1894) Santacrucian astrapothere and notoungulate rich-
ness. Sinclair (1909) studied the Typotheria and Scott (1912,
1928, 1937) the Toxodontia and the Astrapotheria. These
taxonomic revisions are currently the most accepted taxo-
nomic schemes due to its deep analyses and the quality of
the specimens studied by these authors (in person by Scott
and by means of photographs by Sinclair) that were also
part of the most important collections of Santacrucian un-
gulates. Nevertheless, as highlighted by Cassini et al.(2012)
and Kay et al. (2012), of a full and exhaustive systematic re-
vision of Santacrucian native ungulates is needed. In this
context, Kramarz et al. (2019) and Seoane and Cerdefio
(2019) recently studied the Astrapotheria and the hege-
totheriid Typotheria, respectively, and Hernandez del Pino
(2018) reviewed the Toxodontia in his doctoral thesis. One of
the authors of this contribution (MF) is currently reviewing
the interatheriid Typotheria.

A summary of the present status of the notoungulates

and astrapotheres from the RSC is given in Appendix 1.

MATERIALS AND METHODS

The new specimens studied here were collected in
Barrancas Blancas (BB= Estancia Santa Lucia and Estancia
Aguada Grande), Segundas Barrancas Blancas (SBB= Estancia
Cordon Alto, Estancia El Tordillo and Estancia Rincon Grande)
and Yaten Huageno (YH= Estancia El Refugio) (see Fernicola
et al, 2014; Cuitifo et al, 2019), deposited in the Museo
Regional Provincial "Padre Jesas Molina” of Rio Gallegos
(MPM-PV; Province of Santa Cruz). They were compared

with type specimens and more complete materials from the

old collections housed at the Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia” (MACN), Museo de La Plata
(MLP), American Museum of Natural History (New York,
USA), Field Museum of Natural History (Chicago, USA), and
Yale Peabody Museum (New Have, USA). This contribution
builds upon the taxonomic arrangements of Kramarz et al.
(2019) for the astrapotheres; Scott (1912) for the toxodonts,
with the exception of some species (see the systematic
paleontological section); Sinclair (1909) for the interatheres,
and this last author and Seoane and Cerdefio (2019) for
the hegetotheres. These schemes recognize one genus
(Astrapotherium Burmeister, 1879) within Astrapotheria, and
nine genera within Notoungulata: Nesodon Owen, 1846;
Homalodotherium Flower, 1873; Pachyrukhos Ameghino, 1885;
Protypotherium Ameghino, 1885; Interatherium Ameghino,
1887a; Adinotherium Ameghino, 1887b; Phobereotherium
Ameghino, 1887b; Hyperoxotodon (Ameghino, 1887b)
and Hegetotherium Ameghino, 1887b. In the case of
Phobereotherium (with P. silvaticum Ameghino, 1887b), it is
not included in the present analysis because its status is
considered here as doubtful. Unfortunately, the type speci-
men of P. silvaticumis lost and there is no other recognized
material in the MACN and MLP, so its diagnostic features
could not be directly evaluated. There is a photograph of an
assigned juvenile specimen (Vizcaino et al, 2017, Suppl.
files, Appendix 1, p. 139, fig. 343; p. 140, figs. 344, 467) that
exhibits a poorly preserved premaxilla. The incisor region is
broken and the photograph is not clear enough to establish
the absence of the median incisors, which is the diagnostic
feature used to distinguish the genus and species; moreover,
the lack of a scale in the photograph do not allow us to com-
pare the length of P3-M3 with the one given for the species
by Ameghino (1887b).

Institutional abbreviations. MACN, Museo Argentino de Cien-
cias Naturales “Bernardino Rivadavia”, Ciudad Auténoma de
Buenos Aires, Argentina; MACN-A, Coleccion Nacional
Ameghino at the MACN, Ciudad Auténoma de Buenos Aires,
Argentina; MPM-PV, Coleccién Paleontologia de Vertebrados
at the Museo Padre Molina, Santa Cruz, Argentina.
Anatomical abbreviations. C/c, upper/lower canine; /i, upper/
lower incisor; M/m, upper/lower molar; P/p, upper/lower

premolar.
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Other abbreviations. L, length; LLL, labio-lingual length of the
teeth; MDL, mesio-distal length of the teeth; SALMA, South

America Land Mammal Age.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order ASTRAPOTHERIA Lydekker, 1894
Family ASTRAPOTHERIIDAE Ameghino, 1887
Subfamily ASTRAPOTHERIINAE Ameghino, 1887

Genus Astrapotherium Burmeister, 1879

Type species. Astrapotherium magnum (Owen, 1853). Santa Cruz
Formation, Barrancas del Rio Santa Cruz, Province of Santa Cruz,
Argentina.

Species recognized in the Santa Cruz Formation. The type and
A. burmeisteriMercerat, 1890.

Comments. Following Kramarz et al. (2019), A. magnum s the
smallest species and A. burmeistericould reach up to 20 % of

the former's length.

Astrapotherium magnum

Figure 3.1

Referred material. MPM-PV 19927, left mandibular frag-
ment with m1-2, talonid of right m2, and broken tusk, all
from the same individual (see Appendix 2).

Geographic distribution. YH (Estancia El Refugio).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. MPM-PV 19927 has an m1 and m2 with the
Hunter-Schreger enamel bands; there is a well-developed
(but broken) isolated tusk-like canine. The specific identifi-
cation of MPM-PV 19927 is associated to its size (MDL,,~
3.9 cm, LLLy4= 2.1 cm; MDLp= 4.8 cm, LLLy,= 2.4 cm)
because its dimension falls within the range of measure-
ments given by Scott (1928) and Kramarz et al. (2019) for A.
magnum (MDL,,= 3.5-5.0 cm, LLL,4= 2.0-3.0 cm; MDL ;=
4.8-6.2 cm, LLL,»,~ 2.2-3.4 cm).

Astrapotherium sp.

Referred material. See Appendix 2.
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Geographic distribution. BB (Estancia Aguada Grande and
Estancia Santa Lucia) and SBB (Estancia Cordon Alto and
Estancia El Tordillo).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. The referred materials are very fragmentary in

order to establish a specific identification.

Order NoTounGuLATA Roth, 1903
Suborder ToxobonTiA Owen, 1853
Family HomaLoboTHERIIDAE (Ameghino, 1889) Gregory, 1910

Genus Homalodotherium Flower, 1873

Type species. Homalodotherium cunninghami Flower, 1873. Santa
Cruz Formation, Rio Gallegos, Province of Santa Cruz, Argentina.

Species recognized in the Santa Cruz Formation. The type, H.
segoviae Ameghino, 1891a (with reservations; see Scott,
1912), H. excursum Ameghino, 1894 and H. crassum Ameghino,
1894.

Comments. Scott (1912) contrasted H. cunninghami and H.
segoviae by the presence of smaller incisors, reduced P1,
and a narrower muzzle in the latter. The remaining species
of Homalodotherium, H. crassum and H. excursum, only known
by a few postcranial remains —astragalus and tibia, and
foot-bones, respectively— were differentiated by Scott
(1912) by their size, H. crassum being the largest and H.

excursum, the smallest.

Homalodotherium sp.
Figure 3.2-3

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Santa Lucia) and SBB
(Estancia Cordon Alto).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. The cheek teeth of the referred
specimens exhibit roots and labial and lingual cingula, fea-
tures that, among others, characterize Homalodotherium.
Their size resembles that of both H. cunninghami and H.
segoviae, but a further specific taxonomic identification was

not possible due to the fragmentary condition of the speci-
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mens that do not allow us to evaluate the differential de- Genus Nesodon Owen, 1847

velopment of upper incisors and P1.
Type species. Nesodon imbricatus Owen, 1847. Santa Cruz Formation,

Rio Gallegos, Province of Santa Cruz, Argentina.
Family ToxobonTIDAE Owen, 1845 Species recognized in the Santa Cruz Formation. The type species,

Subfamily NesobonTINAE Murray, 1866 N. conspurcatus (Ameghino, 1887b) and M. cornutus Scott, 1912.

Figure 3. In oclusal view. 1, Astrapotherium magnum, left mandibular fragment with m1-2 of MPM-PV 19927; 2—4, Homalodotherium sp., 2,
broken left M3 of MPM-PV 19629; 3, MPM-PV 19802, right maxillary fragment with P4—-M1?; 4, right mandibular fragment with p4-m2 of
MPM-PV 19725. Scale bars= 10 mm.
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Comments. According to Scott (1912), N. imbricatus is the
largest species, whereas N. conspurcatus is the smallest (at
least 15 % smaller than N. imbricatus). Nesodon cornutus, only
known by its holotype, exhibits an intermediate size and is
characterized by a higher cranium, a higher sagittal crest
and the presence of a bulge in the frontal bone located in
front of the temporal lines, probably associated to a dermal
horn (Scott, 1912; Croft et al, 2003).

Nesodon imbricatus Owen, 1847
Figure 4.1-2; Appendix 3; Table 1

Referred material. MPM-PV 19560, almost complete mandible
and lower dentition.

Geographic distribution. BB (Estancia Santa Lucia).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. MPM-PV 19560 is assigned to
Nesodon imbricatus due its morphology (e.g., well-developed
p1) and its size (MDL;= 31.0 mm; LLL,4= 17.8 mm; see
Appendix 3 for the remaining teeth), which falls within the
range established by Scott (1912) for the species (e.g,
MDL, 1~ 25.0-35.0 mm; LLL,,,= 15.0-20.0 mm).

Nesodon sp.
Figure 4.3

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Santa Lucia) and SBB
(Estancia Cordon Alto).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. Mostly all of the assigned specimens are frag-
ments of upper and lower cheek teeth in different ontoge-
netic stages, but its fragmentary nature does not allow a

determination below the genus level.

Genus Adinotherium Ameghino, 1887b

Type species. Adinotherium magister Ameghino, 1887b. Santa Cruz
Formation, Barrancas del Rio Santa Cruz, Province of Santa Cruz,
Argentina.

Species recognized in the Santa Cruz Formation. A. ovinum
(Owen, 1853), A. nitidum Ameghino, 1887b, A. splendidum
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Ameghino, 1887b, A. robustum Ameghino, 1891a and A
karaikense Ameghino, 1891c.

Comments. Scott (1912) used A. ovinum to characterize the
genus, and differentiated A. splendidum by its high cranium
and the presence of extremely broad and massive postor-
bital processes, which exhibit an unusual anterior position.
Scott (1912) validated A. robustum with reservations and
described the species as being the largest and heaviest
species, which presents a protuberance on the occipital re-
gion due to the development of the epitympanic sinus,
greatly expanded zygomatic arches and a well-developed
sagittal crest that is markedly high and descends quite
abruptly to the forehead. Scott (1912) differentiated A. nitidum
by its size mentioning that it was the smallest Adinotherium,
but, as recognized by the author, the species was erected
based on a juvenile specimen, a reason why A. nitidiumis not
included in our analysis. A. karaikense is only known from its
type specimen that is currently lost in the collection at
MACN-A, itis characterized by its long and narrow skull, an-
teriorly narrow rostrum and the presence of a slight curva-
ture of the zygomatic arches. Fortunately, there there is a
photograph of this skull in Scott’'s album in Vizcaino et al.
(2017, Suppl. files, Appendix 1, p. 137, fig. 461), a fact that
allowed us to question the diagnostic characteristics men-
tioned by Scott (1912), because the zygomatic arches are
not preserved in the type and the narrowing of the rostrum
falls within the range observed in specimens of Adinotherium
ovinum (M. Fernandez pers. obs.). For this reason, A.

karaikense is also omitted from the present analysis.

Adinotherium ovinum (Owen, 1853)
Figure 5.1-2; Appendix 3; Tables 2-3

Referred material. MPM-PV 19717, almost complete skull
with associated dentition.

Geographic distribution. SBB (Estancia Cordon Alto).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. MPM-PV 19717 is a well-pre-
served skull of a young adult which features that allows its
identification as Adinotherium (e.g, reduced I3, Cand P1; 11—
2 more transversely positioned than in Nesodon; presence

of a conspicuous narrowing of the skull at the level of the
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Figure 4. Nesodon. 1-2, N. imbricatus, MPM-PV 19560, almost complete mandible with its dentition; 1, oclusal view; 2, right lateral view
(reversed); 3, Nesodon sp., MPM-PV 19568, maxillary fragment with both broken M1-3, oclusal view; Scale bars= 20 mm.
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premaxillary-maxillary suture). Regarding the allocation to
A. ovinum, the postorbital processes, which are incomplete,
do not show the conspicuous development described for
A. splendidum and both are located posterior to the level of
M3, in contrast to the unusually anterior position of A.
splendidum (Scott, 1912). The sagittal crest is long and with
a similar height throughout its length, the zygomatic
arches are well-developed, but not massive nor greatly
expanded as described for A. robustus (Scott, 1912). In addi-
tion, the skull does not exhibit the large size nor the ro-

bustness described for the last species.

Adinotherium sp.

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Aguada Grande and
Estancia Santa Lucia), SBB (Estancia Cordén Alto) and YH.
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. All the referred specimens involve fragments of
upper and lower cheek teeth in different ontogenetic stages,
which are too incomplete to establish the species.

Suborder TYPOTHERIA Zittel, 1893
Family HEGETOTHERIIDAE Ameghino, 1894

Subfamily HEGETOTHERINAE Ameghino, 1894

Genus Hegetotherium Ameghino, 1887b

Type species. Hegetotherium mirabile Ameghino, 1887b. Santa Cruz
Formation, Barrancas del Rio Santa Cruz, Province of Santa Cruz,
Argentina.

Species recognized in the Santa Cruz Formation. The type

species according to Seoane and Cerdeno (2019).

Hegetotherium mirabile Ameghino, 1887b
Figure 6.1-4; Appendix 3; Tables 4-5

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Aguada Grande and
Estancia Santa Lucia) and SBB (Estancia Cordon Alto).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. All the referred specimens in-
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volve euhypsodont cheek teeth, which identification as
Hegetotherium mirabile is associated to both its morphology
(eg., upper teeth sub-elliptical in outline, with simple oclusal
surfaces that lack fossettes and prominent folds; lower
cheek teeth with straight lingual faces and prominent
labial sulci) and size (e.g, MDLy;4= 7.5-8.0 mm, LLLy;,= 4.0—
4.5mm; MDL,1= 6.0-7.0 mm, LLL,4= 3.0—-4.0 mm; see
Appendix 3, Tables 4-5 for other dimensions) that falls
within the range given by Sinclair (1909) and Seoane and
Cerdeno (2019) for the species (e.g, MDLyq =7 mm, LLLy4

>3.8mm; MDL,1 =5 mm, LLL,,; is>3 mm).

Genus Pachyrukhos Ameghino, 1885

Type species. Pachyrukhos moyani Ameghino, 1885. Santa Cruz
Formation, Barrancas del Rio Santa Cruz, Province of Santa Cruz,
Argentina.

Species recognized in the Santa Cruz Formation. The type

species according to Seoane and Cerdeno (2019).

Pachyrukhos moyani Ameghino, 1885
Figure 6.5-8; Appendix 3; Tables 6-7

Referred material. See Appendix 2.

Geographic distribution. SBB (Estancia Cordén Alto and
Estancia El Tordillo).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. The referred specimens involve
incomplete skulls and maxillary and mandibular fragments
for which the identification as Pachyrukhos moyaniis related
to both its morphology (e.g, rodent-like skulls with lower
rostrum; absence of I2—P1 that is replaced in a conspicuous
upper diastema; upper teeth sub-elliptical in outline with-
out fossettes and marked folds; i3—p1 absent and replaced
by a pronounced lower diastema; lower cheek teeth with
straight lingual faces and conspicuous labial sulci) and small
size compared with other typotheres (e.g, MDLy4~ 4.0-4.6
mm, LLLyy4= 2.5-3.5 mm; MDL4= 3.0-4.0 mm, LLL 4=
2.0-2.5 mm; see Appendix 3, Tables 6-7 for other dimen-
sions) that falls within the range of measurements given
by Sinclair (1909) and Seoane and Cerdefio (2019) for the
species (e.g, MDLy1= 4.0-5.2 mm, LLLy,= 2.5-3.5 mm;
MDL,4~ 3.5-4.6 mm, LLL,,,= 1.8-2.5 mm).
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Figure 5. Adinotherium. 1-2, A. ovinum, MPM-PV 19717, almost complete skull with associated dentition; 1, ventral view; 2, dorsal view; 3,
Adinotherium sp., MPM-PV 19567, incomplete mandible with associated broken dentition, oclusal view. Scale bars= 20 mm.
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Family INTERATHERIIDAE Ameghino, 1887a
Subfamily INTERATHERINAE Ameghino, 1887a

Genus Protypotherium Ameghino, 1885

Type species. Protypotherium antiguum Ameghino, 1885. Forma-
cion ltuzaingd, Barrancas del Rio Parana, Province of Entre Rios,
Argentina.

Species recognized in the Santa Cruz Formation. Protypotherium
australe Ameghino, 1887a, Protypotherium praerutilum
Ameghino, 1887b, and Protypotherium attenuatum Ameghino,
1887b.

Comments. Protypotherium presents continuous and com-
plete dental series, [1-C mesiodistally expanded, labiolin-

gually compressed and equally developed; P/p2-4 not

molarized; P2-4 sub-triangular in outline and with shallow
lingual and labial folds; M1-3 with deep and long entoflexus
and very shallow —or even absent— parastilar sulcus and
ectoflexus; bifid i1-2, with a cylindrical section shape; i3-c
mesiodistally expanded with lingual sulcus, and p1 com-
pletely caniniform with no differentiated talonid; p3-4
with the trigonid larger than the talonid, with the opposite
condition observed in the molars. Within the species of
Protypotherium validated by Sinclair (1909), P. australe is
characterized by its wider molars and larger size; P.
praerutilum by its relatively narrower molars and interme-
diate size (at least 15 % smaller than P. australe; Sinclair,
1909), and P. attenuatum distinguished only by its smaller

size (30 % smaller than P. australe; Sinclair, 1909). Tauber

Figure 6. Hegetotheriidae. 1-4, Hegetotherium mirabile; 1, MPM-PV 19513, right maxillary fragment with P3 (erupting)-M3, oclusal view; 2,
MPM-PV 19626, right maxillary fragment with broken P2 (alveolus)-4 and M1, oclusal view; 3, MPM-PV 19487, right mandibular fragment
with p2—-m2, oclusal view, oclusal view; 4, MPM-PV 19658, left mandibular fragment with p4—m3, oclusal view; 5-8, Pachyrukhos moyani,
5, MPM-PV 19800, articulated incomplete skull and mandible, left lateral view; 6, MPM-PV 19905, articulated incomplete skull and mandible,
left lateral view; 7, MPM-PV 19917, right mandibular fragment with p2—m1, oclusal view; 8, MPM-PV 19917, incomplete skull, right lateral

view (reversed). Scale bars= 10 mm.
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(1996)
emended their diagnoses; nevertheless, a preliminary

supported this taxonomic arrangement and

analysis developed in the doctoral thesis in progress of one
of the authors (MF) indicates that some characteristics
mentioned by Tauber (1996) are variable, reason why we
focus mainly on Sinclair (1909), particularly on the size, in

order to establish the specific determination.

Protypotherium australe Ameghino, 1887a
Figure 7.1-4; Appendix 3; Tables 8-9

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Santa Lucia) and SBB
(Estancia Cordon Alto and Estancia El Tordillo).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. The identification as P. australeis
related to both its morphology (e.g, 11 is highly curved and
well expanded and cheek teeth are generally wider than
those observed in P. praerutilum and P. attenuatum) and,
particularly, its size (e.g, MDLy4~ 7.0-9.5 mm, LLLy,= 4.0-
6.5 mm; MDL,,4= 7.0-9.0 mm, LLL,y= 4.0-5.0 mm; see
Appendix 3, Tables 8-9 for other dimensions) that fall
within the range of size mentioned by Sinclair (1909) for
this species (e.g, MDLy;4~ 7.0-9.0 mm, LLLy;,= 5.0-6.0 mm;
MDL,4= 7.0-9.0 mm, LLL4= 3.5-4.5 mm).

Protypotherium praerutilum Ameghino, 1887b
Figure 7.5-6; Appendix 3; Tables 10-11

Referred material. See Appendix 2.

Geographic distribution in Rio Santa Cruz. BB (Estancia Aguada
Grande and Estancia Santa Lucia) and SBB (Estancia Cordon
Alto and Estancia El Tordillo).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. The identification as P.
praerutilumis based on its teeth morphology (e.g, upper in-
cisors sub-equally developed and cheek teeth narrower
than in P. australe; m3 lacks of labial sulcus in the talonid
as observed in the holotype MACN-A 1082 that is present
on P. australe and P. attenuatum) and teeth size (e.g, MDLy;4=

6.3-6.7 mm, LLLy1= 4.5 mm; MDL,,4~ 6.0-6.5 mm, LLL =

3.0-3.5 mm; see Appendix 3, Tables 10-11 for other di-
mensions) that matches the range of dimensions given by
Sinclair (1909) for the species (e.g., MDLy4~ 6.2-6.6 mm,
LLLyp4~ 4.5 mm; MDL,,= 6.0 mm, LLL,,= 3.0 mm).

Protypotherium attenuatum Ameghino, 1887b
Figure 7.7-8; Appendix 3; Tables 12-13

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Aguada Grande and
Estancia Santa Lucia) and SBB (Estancia Corddn Alto and
Estancia El Tordillo).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Description and comments. The assignation to P. attenuatum
is based on both its teeth morphology (e.g, more pro-
nounced curvature on the upper cheek tooth row as seenin
the syntype MACN-A 524 compared with P. gustrale and P.
praerutilum) and its teeth size (e.g, MDLy4~ 6.0-6.2 mm,
LLLy4~ 4.0 mm; MDL,4= 4.5-6.0 mm, LLL,,4=~ 2.0-3.0 mm;
see Appendix 3, Tables 12—13 for other dimensions) that
falls within the range of size mentioned by Sinclair (1909)
for the species (eg, MDLy; < 6.2 mm, LLLy4= 4.5 mm;
MDL4~ 5.0-5.5 mm, LLL,4 <3.0 mm).

Protypotherium sp.

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Santa Lucia) and SBB
(Estancia Cordon Alto and Estancia El Tordillo).
Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. All the referred specimens are too fragmented
in order to establish a specific identification.

Genus Interatherium Ameghino, 1887a

Type species. Interatherium rodens Ameghino, 1887a. Santa Cruz
Formation, Barrancas del Rio Santa Cruz, Province of Santa Cruz,
Argentina.

Species recognized in the Santa Cruz Formation. The type
species, Interatherium extensum Ameghino, 1889, /. excavatum
Ameghino, 1889 and /. robustum Ameghino, 1891a.

Comments. Interatherium is characterized, among other fea-
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tures, by exhibiting a well-developed descending maxillary ~ completely molarized; P3-4 sub-rectangular in outline;
process of the zygomatic arch; 11 more developed than 12— M1-3 with deep and continuous entoflexus and parastylar

C, with the latter two reduced or even missing; P/p3—-4  sulcus, with well-developed folds, but less than the pre-

Figure 7. Interatheriinae. 1-4, Protypotherium australe; 1-3, MPM-PV 19921; 1, left maxillary fragment with P3—M3, oclusal view; 2, right
mandibular fragment with m1 (broken)-2 (above) and left mandibular fragments with p3—m2 (trigonid)-3 (below), oclusal view; 3, mandibu-
lar symphysis, right lateral view (reversed); 4, MPM-PV 19925, left mandibular fragment with p4—m2, oclusal view; 5-6, Protypotherium
praerutilum; 5, MPM-PV 19911, left mandibular fragment with m2-3, oclusal view; 6, MPM-PV 19526, right mandibular fragment with p4—
m2, oclusal view; 7-8, Protypotherium attenuatum; 7, MPM-PV 19534, right maxillary fragment with alveoli of P3-4 and complete M1-2,
oclusal view; 8, MPM-PV 19525, left mandibular fragment with p3—-m1, oclusal view; 9-13, Interatherium sp.; 9, right mandibular fragment
with dp4—m3 of MPM-PV 19770, oclusal view; 10, fragmented palate with left M1 and right M1-2 of MPM-PV 19770, oclusal view; 11,
fragmented maxilla with right P4 (isolated) and M1-2 of MPM-PV 19729, oclusal view; 12, left m3 of MPM-PV 19729, oclusal view; 13,
MPM-PV 19825, right maxillary fragment with P3—-M3, oclusal view. Scale bars= 10 mm.
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molars; i1-p1 slightly mesiodistally expanded and very
procumbent; in p3-4 the trigonid and talonid exhibit a
similar development. Following Sinclair (1909), /. extensum
is distinguished from /. robustum by a smaller 13 and the
presence of a straight fronto-nasal suture in the former, but
the author himself expressed doubt about whether these
differences are specific or interindividual in nature. Likewise,
Sinclair (1909) distinguished /. excavatum by its lyre-shaped
temporal ridges, but the taxonomic value of this feature

needs to be re-evaluated (Cassini et al, 2012).

Interatherium sp.
Figure 7.9-17

Referred material. See Appendix 2.

Geographic distribution. BB (Estancia Aguada Grande and
Estancia Santa Lucia) and SBB (Estancia Cord6n Alto and
Estancia El Tordillo).

Stratigraphic distribution. Santa Cruz Formation (Early—Middle
Miocene).

Comments. No referred specimens exhibit any of the bony
structures (e.g, cranial sutures, premaxilla and anterior re-
gion of the maxilla) and dental elements (e.g, I3 and C)
described by Sinclair (1909) that permit a specific identifi-

cation.

DISCUSSION AND CONCLUSIONS
Taxonomic richness from the Rio Santa Cruz and com-
parison with the coastal localities

Based on the new specimens collected in the exposures
of the SCF in Barrancas Blancas, Segundas Barrancas Blancas
and Yaten Huageno at the RSC, and following the current
taxonomic schemes, with the observations already made
throughout this work, this contribution recognizes one genus
(Astrapotherium) and a single species (A. magnum) within
Astrapotheria, and seven genera (Pachyrukhos, Hegetotherium,
Protypotherium, Interatherium, Homalodotherium, Nesodon
and Adinotherium) and eight species (Pachyrukhos moyani,
Hegetotherium mirabile, Protypotherium attenuatum, P. australe,
P. praerutilum, Interatherium sp., Nesodon imbricatus and
Adinotherium ovinum) among the Notoungulates.

The generic richness of the astrapotheres and notoun-

gulates recorded in BB, SBB and YH only differs from the
one presented by Scott (1912, 1927, 1937) and Sinclair
(1909) for the RSC in the absence of Hyperoxotodon in our
sample. In a specific level, our ungulate richness is lower
than the one presented by these authors. This could be
associated to the fragmentary state of many of the collected
materials that prevent us from providing identifications at
the species level (e.g, Homalodotherium sp., Nesodon sp.,
Adinotherium sp., Protypotherium sp., Interatherium sp. and
Adinotherium sp.)

According to the dates in Cuitifio et al. (2016), the sedi-
mentary succession from BB extends from ~17.45 to
~16.49 Ma, which is likely older than SBB (~16.32 to ~15.63
Ma), but it is synchronous with the succession at YH (~17.22
to ~16.67 Ma). In BB and SBB, we were able to identify al-
most the same faunal content regarding astrapotheres
and notoungulates. Notably, the two localities differ by the
presence of Pachyrukhos at SBB, which has been abundantly
identified in the entire stratigraphic column. This genus
has also been recognized (M. Fernandez, pers. obs.) in the
coastal localities Cerro Observatorio (= Monte Observacién;
Vizcaino et al, 2012b) (~17.80 to ~16.30 Ma; Cuitifio et al,,
2016) from materials housed at MACN-A, Killik Aike Norte
(Sinclair, 1909) (~17.0 to ~15.9 Ma; Cuitino et al, 2016), and
Puesto Estancia La Costa (e.g, left mandibular fragment
with four cheek teeth MPM-PV 17489) (~17.50 to ~16.70
Ma; Cuitifo et al, 2016). Cerro Observatorio is synchronous
with BB, whereas the fossils recovered from Killik Aike
Norte (~17.0 to ~16.9 Ma; Cuitifo et al, 2016) and Puesto
Estancia La Costa (~17.5 to ~17.4 Ma; Cuitifio et al, 2016)
are younger than those collected from BB (~17.0 to ~16.5
Ma; Cuitino et al, 2016). Therefore, the absence of
Pachyrukhos in BB could be associated with a regional dif-
ference or a population movement event (a hypothesis that
cannot be tested at the moment). YH differs from BB and SBB
in the absence of all the Typotheria, Homalodotheriidae
and Nesodon; the sample obtained in YH is by far the smallest
so the observed differences could be associated with the
incomplete sampling obtained in YH, and do not represent a
real difference in the ungulate diversity.

At the species level, the main differences observed be-

tween BB, SBB and YH are the exclusive presence of Nesodon
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imbricatus in BB, Adinotherium ovinum and Pachyrukhos
moyaniin SBB, and Astrapotherium magnumin YH. However,
in those localities in which these species have not been iden-
tified, a large number of specimens are assigned to Nesodon
sp., Adinotherium sp. and, to a lesser extent, Astrapotherium
sp. In his recent unpublished revision, Hernandez del Pino
(2018) concludes that Nesodon imbricatus and Adinotherium
ovinum are the only valid species of each respective genus.
If so, all Nesodon sp. and Adinotherium sp. should be allo-
cated to N. imbricatus and A. ovinum, respectively. Only in this
context, Nesodon imbricatus would be present in BB and
SBB, whereas Adinotherium ovinum would be also present in
YH, and, as a result, these differences are equal to those
mentioned for the generic level.

The astrapothere and notoungulate generic richness
already described for BB, SBB and YH matches the one
registered in the well-known coastal localities when com-
paring to the information given by Scott (1912, 1927, 1938),
Sinclair (1909), Tauber (1997a,b), Tauber et al. (2004, 2008)
and Cassini et al. (2012). But differs from Tauber (1999)
since this author recognized the Interatheriinae Cochilius -
a genus known from the Deseadan (Late Oligocene) to
the Colhuehuapian (Early Miocene) SALMAs of Patagonia
(Reguero et al, 2003)- at the Estancia La Costa locality.
Tauber (1999) did not make any further comment nor
publish any details in support of this unusual occurrence,
nor does this taxon appear in the large samples collected at
this locality over the past twenty years, so we have reser-
vations about the identification. On the other hand, when
comparing the specific richness among BB, SBB and YH, and
the eastern localities, the one from the RSC is reduced since
only Nesodon imbricatus, Adinotherium ovinum, Protypotherium
australe, P. attenuatum, P. praerutilum, Hegetotherium mirabile,
Pachyrukhos moyani and Astrapotherium magnum have been
identified in the area. All these species are also recorded for
the coastal localities, associated to several species not pres-
ent at the RSC: Interatherium robustum, I. extensum, |. excavatum,
Adinotherium robustum, Homalodotherium segoviae, H.
cunnighami, H. crassum, Astrapotherium nanum? and Nesodon
conspurcatus. Tauber (1999) identified Homalodotherium
rutimeyeri, but we follow Scott (1912) in placing H. rutimeyeri

in synonymy with N. conspurcatus.
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Paleoenvironmental inferences

The paleoecological interpretations and comparisons
were made at a genus level following most of the inferences
in the studies performed with the coastal materials both in
the taxa analysed here and in other clades (e.g, Cassini et
al, 2012; Cassini, 2013; Toledo et al, 2013, 2015; Munoz et
al, 2017,2019).

As stated above, the sample of YH is considerably smaller
than the one from the other localities and only two of the
three largest ungulates have been found (Astrapotherium
and Adinotherium). If this is not due to sampling error, it
would mean the absence of small body mass ungulates and
a deeper analysis would be necessary to find some expla-
nation. This could be related to ecological reasons (the tem-
porary span is similar to BB) or to taphonomic reasons (the
environment on the west would have been one with more
energy than the one towards the east; Fernicola et al, 2014).

The other two localities present virtually the same rich-
ness of the ungulates treated in this contribution. The only
difference is the presence of Pachyrukhos in SBB and its
absence in BB. As mentioned above, this discrepancy is not
related with the differences in temporality (e.g, Pachyrukhos
is present in Monte Observacion, Killik Aike Norte and
Puesto Estancia La Costa). The absence of this genus in the
easternmost locality treated here is lacking the smallest
Santacrucian ungulate. Pachyrukhos was probably a rapid
runner and the most agile among the typotheres and would
have been a grazer of open environments (Cassini et al,
2012). Its absence could be interpreted as indicative of
less open areas in BB than in SBB. Overall, the similarity
between the ungulate fauna of Rio Santa Cruz and the one
in the coastal localities (all the same genera), except for
the presence of Hyperoxotodon in the former (Ameghino,
1887b), could lead to interpret the environment in a similar
way, a complex mosaic of open and closed habitats (Cassini
etal, 2012; Kay et al, 2012; Vizcaino et al, 2012a). This in-
ference should be contrasted with the remaining taxa and

sedimentological evidences.
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FERNANDEZ ano MUNOZ: NOTOUNGULATA AND ASTRAPOTHERIA, RIO SANTA CRUZ

APPENDIX 1 — Summary of the taxa identified in the localities from Rio Santa Cruz by Ameghino (1887a,b, 1889) and Mercerat (1890, 1891) and

its current nomenclatural status

Taxa

Current nomenclatural status

Astrapotheria

Nesodon magnum Owen, 1853

Astrapotherium patagonicum Burmeister, 1879

Astrapotherium burmeisteri Mercerat, 1890
Listriotherium filholi Mercerat, 1890
Notoungulata

Toxodontia

Nesodon imbricatus Owen, 1847

Nesodon sulivani Owen, 1847

Nesodon ovinum Owen, 1853
Homalodotherium cunnighami Flower, 1873
Protoxodon patagonensis Ameghino, 1887a
Stenotephanos speciosus Ameghino, 1887b

Lithops praevius Ameghino, 1887b
Protoxodon conspurcatus Ameghino, 1887b

Protoxodon marmoratus Ameghino, 1887b
Protoxodon obliteratus Ameghino, 1887b
Adelphotherium ligatum Ameghino 1887b
Acrotherium rusticum Ameghino, 1887b
Gronotherium decrepitum Ameghino, 1887b
Adinotherium magister Ameghino, 1887b
Adinotherium splendidum Ameghino, 1887b
Adinotherium proximum Ameghino, 1887b
Adinotherium ferum Ameghino, 1887b
Adinotherium nitidum Ameghino, 1887b

Phobereotherium sylvaticum Ameghino, 1887b

Atryptherium bifurcatum Ameghino, 1887b

Scophotherium cyclops Ameghino, 1887b
Rhadinotherium limitatum Ameghino, 1887b

Nesodon oweni Mercerat, 1891
Nesodon rutimeyeri Mercerat, 1891

Nesodon typicus Mercerat, 1891
Adinotherium pulchrum Mercerat, 1891

Adinotherium antiquum Mercerat, 1891

Nesotherium carinatum Mercerat, 1891

Astrapotherium magnum according to Ameghino (1889), Lydekker (1894), Scott (1928) and
Kramarzet al. (2019)

A. magnum according to Ameghino (1889), Lydekker (1894), Scott (1928) and Kramarz et al.
(2019)

Valid name according to Kramarz et al. (2019)

A. magnum according to Ameghino (1894) and Scott (1928)

Valid name according to Scott (1912)

Nesodon imbricatus according to Ameghino (1891b, 1894), Lydekker (1894) and Scott (1912)
Adinotherium ovinum according to Ameghino (1891b, 1894, 1907) and Scott (1912)

Valid name according to Scott (1912)

N. imbricatus according to Ameghino (1894) and Scott (1912)

Hyperoxotodon speciosus according to Mercerat (1895) and Madden (1990)

Toxodontia incertae sedis according to Scott (1912)

N. conspurcatus according to Ameghino (1894) and Scott (1912), but Lydekker (1894)
synonimised it with N. imbricatus

. imbricatus according to Lydekker (1894) and Scott (1912)

. imbricatus according to Lydekker (1894) and Scott (1912)
. imbricatus according to Ameghino (1894), Lydekker (1894) and Scott (1912)
. imbricatus according to Lydekker (1894) and Scott (1912)

= 2 2 2

N. imbricatus according to Scott (1912)

A. ovinum according to Scott (1912)

Valid name according to Scott (1912)

A. ovinum according to Ameghino (1904) and Scott (1912)
A. ovinum according to Scott (1912)

Valid name according to Scott (1912)

Adinotherium sylvaticum according to Mercerat (189 1), Nesodon sylvaticum following Lydakker
(1893), but valid name according to Scott (1912)

N. imbricatus according to Ameghino (1894), but Scott (1912) established the synonym with
N. conspurcatus

N. imbricatus according to Ameghino (1894) and Scott (1912)
Toxodontia incertae sedis according to Scott (1912)
N. imbricatus according to Ameghino (1894) and Scott (1912)

N. imbricatus according to Ameghino (1894), but Scott (1912) established the synonym with
N. conspurcatus.

N. imbricatus according to Scott (1912)
A. splendidum according to Ameghino (1894) and Scott (1912)
A. splendidum according to Scott (1912)

N. imbricatus according to Ameghino (1891b, 1894), but Scott (1912) established the synonym
with N. conspurcatus.
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ApPENDIX 1 — Continued

Taxa

Current nomenclatural status

Nesotherium studeri Mercerat, 1891
Nesotherium elegans Mercerat, 1891

Nesotherium rufum Mercerat, 1891
Nesotherium nehringi Mercerat, 1891

Nesotherium argentinum Mercerat, 1891
Protoxodon evidens Mercerat, 1891

Protoxodon americanus Mercerat, 1891
Protoxodon clemens Mercerat, 1891
Protoxodon henseli Mercerat, 1891
Protoxodon speciosus Mercerat, 1891
Adelphotherium lutarium Mercerat, 1891
Adelphotherium repandum Mercerat, 1891
Adelphotherium trivium Mercerat, 1891
Adelphotherium rothi Mercerat, 1891
Adelphotherium pumilum Mercerat, 1891
Acrotherium intermedium Mercerat, 1891

Acrotherium mutabile Mercerat, 1891
Acrotherium patagonicum Mercerat, 1891

Acrotherium variegatum Mercerat, 1891

N. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)

N. imbricatus according to Ameghino (1891b, 1894), but Scott (1912) established the synonym
with N. conspurcatus.

N. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)
N. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)
N. imbricatus according to Ameghino (1891b, 1894), Lydekker (1894) and Scott (1912)

N. imbricatus according to Ameghino (1891b, 1894), but Scott (1912) established the synonym
with N. conspurcatus

.imbricatus according to Ameghino (1891b, 1894) and Scott (1912)

. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)

. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)

. imbricatus according to Ameghino (1891b, 1894) and Scott (1912)

. imbricatus according to Ameghino (1894) and Scott (1912)

. imbricatus according to Ameghino (1894), Lydekker (1894) and Scott (1912)
. imbricatus according to Ameghino (1894), Lydekker (1894) and Scott (1912)
.imbricatus according to Ameghino (1894) and Scott (1912)

.imbricatus according to Ameghino (1894) and Scott (1912)

.imbricatus according to Ameghino (1894) and Scott (1912)

. ovinum according to Scott (1912)

. imbricatus according to Ameghino (1894), but Scott (1912) established the synonym with
. conspurcatus

2 22 r 222 2 222 2 2 2

. imbricatus according to Scott (1912)

Typotheria

Pachyrukhos moyani Ameghino, 1885
Interatherium rodens Ameghino, 1887a
Protypotherium australe Ameghino, 1887a
Interatherium supernum Ameghino, 1887b
Hegetotherium mirabile Ameghino, 1887b
Hegetotherium strigatum Ameghino, 1887b
Protypotherium praerutilum Ameghino, 1887b
Protypotherium attenuatum Ameghino, 1887b
Pachyrukhos teres Ameghino, 1889
Pachyrukhos trivius Ameghino, 1889
Pachyrukhos absis Ameghino, 1889
Pachyrukhos naevius Ameghino, 1889
Icochilus extensus Ameghino, 1889

Icochilus excavatus Ameghino, 1889

Icochilus undulatus Ameghino, 1889

Icochilus rotundatus Ameghino, 1889
Patriarchus palmidens Ameghino, 1889

Protypotherium claudum Ameghino, 1889

Valid name according to Sinclair (1909)

Typotheria incertae sedis according to Sinclair (1909)

Valid name according to Sinclair (1909)

Typotheria incertae sedis according to Sinclair (1909)

Valid name according to Sinclair (1909)

H. mirabile according to Sinclair (1909) and Seoane and Cerderio (2019)
Valid name according to Sinclair (1909)

Valid name according to Sinclair (1909)

P. moyani according to Seoane and Cerderno (2019)

P. moyani according to Seoane and Cerdernio (2019)

P. moyani according to Sinclair (1909) and Seoane and Cerderio (2019)
P. moyani according to Sinclair (1909) and Seoane and Cerdeno (2019)
Interatherium extensum according to Sinclair (1909)

Interatherium excavatum according to Sinclair (1909)

Typotheria incertae sedis according to Sinclair (1909)

Typotheria incertae sedis according to Sinclair (1909)

Valid name, but the species has been proven to be collected in a western outcrop of the Santa Cruz
Formation, and not from Rio Santa Cruz (Fernandez et al., 2019a)

P. australe according to Tauber (1996)
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Appendix 2. List of the notoungulates and astrapotheres specimens
recorded in Barrancas Blancas (BB; Estancia Aguada Grande and
Estancia Santa Lucia), Segundas Barrancas Blancas (SBB; Corddn Alto
and Estancia El Tordillo) and Yaten Huageno (YH; Estancia El Refugio).

ASTRAPOTHERIA

Astrapotheriidae

Astrapotherium magnum

YH. MPM-PV 19927, left mandibular fragment with m1-2, talonid
of right m2, and broken tusk, all from the same individual.
Astrapotherium sp.

BB. MPM-PV 19504, broken tusk; MPM-PV 19519, fragments of
cheek teeth with enamel; and MPM-PV 19740, broken tusk.

SBB. MPM-PV 19719, fragments of broken teeth and enamel;
MPM-PV 19759, isolated lower incisor; MPM-PV 19582, broken
tusk; MPM-PV 19598, broken tusk; and MPM-PV 19918, axis.

NOTOUNGULATA

Toxodontia

Homalodotherium sp.

BB. MPM-PV 19546, broken upper cheek tooth; and MPM-PV
19563, right maxillary fragment with P4—M1?, fragment of left P2?,
and tooth fragments, all from the same individual.

SBB. MPM-PV 19629, broken left M2?, and fragments of undeter-
mined upper and lower teeth; MPM-PV 19641, fragments of upper
right and left premolar; MPM-PV 19677, right C?; MPM-PV 19684,
phalanx; MPM-PV 19725, two fragments of the same mandible, one
with left p4—m1 and the other with right p4—m2, isolated right p3,
p2, p1andi1?, all from the same individual; MPM-PV 19750, left
P2?; MPM-PV 19802, right maxillary fragment with P4-M1?; MPM-
PV 19810, astragalus and two teeth fragments; MPM-PV 19842,
fragments of upper and lower cheek teeth and broken postcranial
fragments; and MPM-PV 19871, right C? and fragments of broken
teeth.

Nesodon imbricatus

BB. MPM-PV 19560, almost complete mandible with its dentition.
Nesodon sp.

BB. MPM-PV 19515, two right mandibular fragments with p4—-m1
and m2-3; MPM-PV 19568, maxillary fragment with broken M1-
3; MPM-PV 19564, left maxillary fragment with dP3-4; MPM-PV
19530, left M1? (broken), M2 and p1; MPM-PV 19540, left M1, M2
and broken M3; MPM-PV 19543, right i2, p2, m1 or m2, and frag-
ments of lower cheek teeth; and MPM-PV 19545, broken symphysis
with broken i3 and alveoli of c—p3.

SBB. MPM-PV 19578, lingual portion of worn lower cheek tooth;
MPM-PV 19615, right m1 or m2, and fragment of the premaxilla
with I11(alveolus)-2; MPM-PV 19618, broken left M3; MPM-PV
19708, broken talonid of right m3; MPM-PV 19712, right mandibu-
lar fragment with dp4—m2, left mandibular fragment with erupting
p3—-4 and m1-3 (erupting), isolated left unworn m3 and right dp4,
and postcranial fragments, all from the same individual; MPM-PV
19749, two mandibular fragments of the same individual with bro-
ken p2—p4 and m2-3; MPM-PV 19798, incomplete mandible with
associated tooth fragments; MPM-PV 19801, isolated and broken
p2, p3 and p4; MPM-PV 19829, broken right m2?; MPM-PV 19834,
right P2 or P3; MPM-PV 19862, both p4, right m1, and left m2; and
MPM-PV 19894, two mandibular fragments from the same individual,
one with left m1 (broken)-3 and the other with right m2-3.
Adinotherium ovinum

SBB. MPM-PV 19717, almost complete skull with dentition.

Adinotherium sp.

BB. MPM-PV 19488, three fragments of lower cheek teeth; MPM-
PV 19491, broken left M1 or M2; MPM-PV 19497, several frag-
ments of a mandible, including a right mandibular fragment with
broken m1-2; MPM-PV 19499, right p1, both p3, and fragments of
lower cheek teeth; MPM-PV 19501, fragments of lower cheek teeth
from the same individual; MPM-PV 19502, fragment of an upper
cheek tooth; MPM-PV 19517, fragments of upper cheek teeth;
MPM-PV 19520, right p2 and m2?, and left m1?; MPM-PV 19521,
right mandibular fragment with p4—m1, isolated right 1 and m3 (un-
worn), all from the same individual; MPM-PV 19524, broken right
m1? and m2?; MPM-PV 19528, fragments of lower cheek teeth;
MPM-PV 19533, right p4?; MPM-PV 19535, left maxillary fragment
with P3-M2 (broken); MPM-PV 19538, fragments of upper cheek
teeth; MPM-PV 19542, broken left M3, and fragments of undeter-
mined teeth; MPM-PV 19553, right maxillary fragment with broken
P4-M1; MPM-PV 19561, badly preserved left maxillary fragment
with broken P2-M1?; MPM-PV 19562, broken right i1 or i2, left
mandibular fragment with broken alveoli of m1-3, right mandibular
fragment with p3—m2, and broken right m3, all from the same indi-
vidual; and MPM-PV 19567, incomplete mandible with its broken
dentition.

SBB. MPM-PV 19662, trigonid of right cheek tooth; MPM-PV
19671, anterior portion of the skull with broken left [1-P3 and right
[1-M1; MPM-PV 19692, anterior region of the skull with almost
complete dentition poorly preserved; MPM-PV 19698, isolated p4?,
m1?, and m2? (trigonid); MPM-PV 19672, left m3; MPM-PV 19718,
labial portion of a lower right cheek tooth; MPM-PV 19724, left
mandibular fragment with i3 and p2-3, left mandibular fragment
with m3, and right mandibular fragment with broken m1-3 (trigo-
nid); MPM-PV 19727, right mandibular fragment with m2-3; MPM-
PV 19745, talonid of left p3 or p4; MPM-PV 19756, right dp3 or dp4;
MPM-PV 19779, isolated right P4 and M1, and two fragments of
upper cheek teeth; MPM-PV 19790, right p3?, and fragments of un-
determined teeth; MPM-PV 19804, right m1 or m2; MPM-PV
19818, right mandibular fragment with m2-3; MPM-PV 19833, two
right maxillary fragments from the same individual with P1 (alveo-
lus)-2 and P3-M3 (erupting); and MPM-PV 19882, broken left P2 or
P3.

YH. MPM-PV 19928, talonid of a right cheek tooth; and MPM-PV
19929, broken right m3; and MPM-PV 19930, isolated right i1; i2?,
and m1 or m2; MPM-PV 20024, right ulna and fragments of post-
cranial elements.

Typotheria

Hegetotheriidae

Hegetotherium mirabile

BB. MPM-PV 19487, right mandibular fragment with p2-m2; MPM-
PV 19489, right maxillary fragment with alveoli of P1-3, complete
left P3—-M1, and isolated left M3; MPM-PV 19498, left maxillary
fragment with M2 (broken)-2, left mandibular fragment with m1-
2, and postcranial fragments; MPM-PV 19507, left upper cheek
tooth; MPM-PV 19508, left M1 or M2; MPM-PV 19511, fragments
of lower and upper cheek teeth; MPM-PV 19513, right maxillary
fragment with P3 (erupting)-M3; MPM-PV 19527, right mandibular
fragment with p4—m2; MPM-PV 19547, left mandibular fragment
with p3—-4, and isolated left m1; and MPM-PV 19555, incomplete
skull with C (alveolus)-M2 (broken), left mandibular fragment with
m1-2, and fragments of postcranial elements.

SBB. MPM-PV 19570, right mandibular fragment with m1-2; MPM-
PV 19577, right lower cheek tooth; MPM-PV 19626, right maxillary
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fragment with broken P2 (alveolus)-4 and complete M1; MPM-PV
19658, left mandibular fragment with p4—-m3; MPM-PV 19695,
right maxillary fragment with M2-3, and fragments of cranial ele-
ments; MPM-PV 19733, three partial lower cheek teeth; MPM-PV
19768, left maxillary fragment with alveoli of P1-3 and complete
P4; MPM-PV 19786, left mandibular fragment with m1-3 (alveo-
lus); MPM-PV 19808, a) right mandibular fragment with ps
(talonid)-m2, and b) isolated lower right and left molar; and MPM-
PV 19890, right mandibular fragment with p2 (alveolus)-m1 (bro-
ken), and left m1, m2 and m3.

Pachyrukhos moyani

SBB. MPM-PV 19644, left mandibular fragment with p4-m17?;
MPM-PV 19651, left mandibular fragment with p3—-m2, and iso-
lated fragments of right lower and upper cheek teeth; MPM-PV
19654, right 11; MPM-PV 19655, two partial right cheek; MPM-PV
19656, left mandibular fragment with p4—m3 and isolated unde-
termined broken teeth; MPM-PV 19571, left m3 and isolated left
upper cheek tooth; MPM-PV 19572, broken isolated lower cheek
teeth; MPM-PV 19574, right mandibular fragment with p2 (alveo-
lus)-3; MPM-PV 19575, two isolated lower cheek teeth; MPM-PV
19580, two isolated lower cheek teeth, and one upper cheek tooth;
MPM-PV 19581, broken isolated cheek tooth; MPM-PV 19583, a)
upper cheek tooth, b) left mandibular fragment with p4-m2?, c) left
mandibular fragment with p4—m3, and mandibular fragment with
broken cheek teeth; MPM-PV 19584, left mandibular fragment with
p4—m1?; MPM-PV 19585, left mandibular fragment with p3-4?
and broken isolated cheek teeth; MPM-PV 19590, right lower cheek
tooth; MPM-PV 19594, a) isolated left m3, b) left lower cheek tooth,
c) left mandibular fragment with p3—-m3, d) right mandibular frag-
ment with p2 (alveolus)-m2; MPM-PV 19596, right upper cheek
tooth; MPM-PV 19600, right mandibular fragment with p3-4?, and
a right upper cheek tooth; MPM-PV 19605, left mandibular frag-
ment with i1-m1; MPM-PV 19608, left mandibular fragment with
p4—m3; MPM-PV 19610, isolated lower left cheek tooth, and upper
right cheek tooth; MPM-PV 19613, isolated right cheek tooth and
right mandibular fragment with m1-3; MPM-PV 19617, right
mandibular fragment with p3-4? and m2-3; MPM-PV 19619, right
mandibular fragment with p4—-m3 (broken); MPM-PV 19621, right
lower cheek tooth and right upper cheek tooth; MPM-PV 19624,
broken isolated cheek teeth; MPM-PV 19634, a) right mandibular
fragment with p2-4, b) left i1, left p2 and left mandibular fragment
with p4-m1?; MPM-PV 19649, left mandibular fragment with p2—
4; MPM-PV 19661, right upper cheek tooth; MPM-PV 19666, a) left
mandibular fragment with p2-m2, b) right mandibular fragment
with p2-4, c) three broken isolated lower cheek teeth; MPM-PV
19669, right maxillary fragment with M1-3; MPM-PV 19674, two
broken cheek teeth; MPM-PV 19678, broken isolated cheek teeth;
MPM-PV 19682, broken left P3 or P4; MPM-PV 19685, broken
lower cheek teeth; MPM-PV 19690, left mandibular fragment with
p3—-m1; MPM-PV 19693, a) left mandibular fragment with broken
p2-3 and complete p4-m1, b) left mandibular fragment with p2
(alveolus)-m1 (trigonid); MPM-PV 19697, broken isolated cheek
teeth; MPM-PV 19699, almost complete articulated foot; MPM-PV
19700, right mandibular fragment with m2-m3; MPM-PV 19702,
left mandibular fragment with m2-3, broken isolated cheek teeth,
and fragments of postcranial elements; MPM-PV 19704, right
mandibular fragment with p4—m2, and left mandibular fragment
with p3—m3; MPM-PV 19706, two left mandibular fragments, one
with p3-4 and the other with m1-3; MPM-PV 19711, right
mandibular fragment with p4—m3; MPM-PV 19720, right mandibu-
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lar fragment with p4—m2; MPM-PV 19721, broken upper and lower
cheek teeth; MPM-PV 19744, right mandibular fragment with m1-
3; MPM-PV 19755, left upper cheek tooth, and left mandibular frag-
ment with p2—-4; MPM-PV 19748, two mandibular fragments, each
with one cheek tooth; MPM-PV 19757, left maxillary fragment with
M1-3, left mandibular fragment with p3-m3, right mandibular
fragment with p2-m1, and fragments of postcranial elements;
MPM-PV 19769, a) left mandibular fragment with p4—m2, b) right
mandibular fragment with p4-m1?, ¢) right mandibular fragment
with p3—-m2, d) left mandibular fragment with p3—-m1?; MPM-PV
19778, a) left upper cheek tooth, b) left mandibular fragment with
p2, c) left mandibular fragment with p3—-m1, d) right mandibular
fragment with two molariforms; MPM-PV 19787, upper right cheek
tooth, right maxillary fragment with alveoli of P-4, left mandibular
fragment with p2 (alveolus)-4, and left mandibular fragment with
broken p4-m2; MPM-PV 19788, a) right mandibular fragment with
right p3—m3, b) right mandibular fragment p3 (erupting)-m2; MPM-
PV 19791, isolated cheek teeth; MPM-PV 19792, a) left mandibu-
lar fragment with p2-3, b) right mandibular fragment with p2
(alveolus)-m1, c) two lower cheek teeth; MPM-PV 19795, broken
lower and upper cheek teeth; MPM-PV 19797, two broken lower
cheek teeth; MPM-PV 19800, articulated skull and mandible; MPM-
PV 19803, articulated skull and mandible; MPM-PV 19813, right
maxillary fragment with P2—M3, right mandibular fragment with
p2-m3; MPM-PV 19816, right mandibular fragment with p3—m3;
MPM-PV 19817, right maxillary fragment with P2 (alveolus)-P4;
MPM-PV 19819, articulated skull and mandible; MPM-PV 19828,
right mandibular fragment with p3-m1?; MPM-PV 19835, right
mandibular fragment with p2 (alveolus)-4; MPM-PV 19840, iso-
lated lower cheek teeth; MPM-PV 19850, a) right mandibular frag-
ment with p4-m2, b) right mandibular fragment with p3-2, c)
isolated lower cheek teeth; MPM-PV 19854, left mandibular frag-
ment with p3—-m1; MPM-PV 19857, left broken lower cheek tooth;
MPM-PV 19860, a) left mandibular fragment with p2-m2, b) right
mandibular fragment with p2—-m1; c) right mandibular fragment
with p2 (broken)—p4; MPM-PV 19865, upper cheek teeth; MPM-PV
19866, left mandibular fragment with p3 (alveolus)-m2; MPM-PV
19867, right mandibular fragment with p2—-p3 and m1-3, left
mandibular fragment with p3-4, and two isolated lower left and
right cheek teeth; MPM-PV 19874, right mandibular fragment with
p2-4; MPM-PV 19880, a) lower left cheek tooth, b) left mandibular
fragment with p2-3; MPM-PV 19884, broken cheek teeth; MPM-
PV 19892, a) left mandibular fragment with p3-m2, b) left
mandibular fragment with p4-m2, c) right mandibular fragment
with p2 (broken)-3, d) left mandibular fragment with p2 (broken)-
m2; e) right mandibular fragment with p4-m2?; MPM-PV 19895,
maxillary fragment with the ectolophs of M1-M3; MPM-PV 19898,
right lower cheek tooth; MPM-PV 19905, partial articulated skull
and mandible, and fragments of postcranial elements; MPM-PV
19915, mandibular fragment with p4—m3, right mandibular frag-
ment with p3—-47?, left upper cheek tooth, left lower cheek tooth, and
two isolated broken cheek teeth; MPM-PV 19917, palatal fragment
with its dentition; MPM-PV 19919, right mandibular fragment with
badly—preserved p2-m3; MPM-PV 19920, right mandibular frag-
ment with p3—m2 (trigonid); and MPM-PV 19924, palatal fragment
with left P2—-M3 and right P2-M2.

Interatheriidae

Protypotherium australe

BB. MPM-PV 19539, right maxillary fragment with P3—M3.

SBB. MPM-PV 19824, left M1 or M2, and left m1 or m2; MPM-PV
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19588, right maxillary fragment with P4 (broken)-M2; MPM-PV
19593, symphysis with broken anterior dentition, right mandibular
fragment with alveoli p2—-4, and complete m1-2; MPM-PV 19601,
right mandibular fragment with m2-3; MPM-PV 19602, right pre-
maxillary fragment with 11-3; MPM-PV 19609, left mandibular
fragment with p4-m1; MPM-PV 19616, isolated right p2, p3 and
p4, left m3, and mandibular fragment with left i2—3, right i3 and left
¢, left mandibular fragment with p3—m1, and right mandibular frag-
ment with m1-2; MPM-PV 19620, incomplete mandible with right
alveoli of i1—p4 and m1-3, left alveoli of i1-3 and p1-m2 (broken),
and complete left ¢, right 12, and isolated broken undetermined
teeth; MPM-PV 19630, left mandibular fragment with m1-3; MPM-
PV 19631, left maxillary fragment with PM3-M3, right mandibular
fragment with p4-m2, and fragments of postcranial elements;
MPM-PV 19636, left mandibular fragment with m2-3; MPM-PV
19638, right mandibular fragment with m2-3; MPM-PV 19639,
right mandibular fragment with p2 (alveolus)-4; MPM-PV 19642,
left mandibular fragment with p2 (alveolus)—4; MPM-PV 19653, left
maxillary fragment with M1-3 (broken); MPM-PV 19632, left
mandibular fragment with broken m1 or m2; MPM-PV 19663, badly
preserved skull included in sediment matrix; MPM-PV 19664, sym-
physis with alveoli of anterior teeth, isolated m1, m2 and m3, left
M1 or M2 left; MPM-PV 19675, left mandibular fragment with alve-
oli of i1—c and complete p1 (broken)—p2 (alveolus)-p3-m2; MPM-
PV 19676, right mandibular fragment with m1 (broken)-2; MPM-PV
19691, symphysis with alveoli of left i1—-c and complete left series
p1 (broken)-2, left mandibular fragment with p4—m1 (trigonid), and
right mandibular fragment with p4-m2; MPM-PV 19714, left
mandibular fragment with alveoli of p3—-m1 (broken), and right
mandibular fragment; MPM-PV 19715, right maxillary fragment
with P3-4 (alveoli)-M1-3, and left maxillary fragment with P2-4
(broken), and right palatal fragment with alveoli of 12-P2; MPM-PV
19716, incomplete skull with both 11-2, and left I3-M1; MPM-PV
19723, right mandibular fragment with m1 (broken alveolus)-3;
MPM-PV 19728, left mandibular fragment with m1-3; MPM-PV
19736, right mandibular fragment with alveoli of i3—m1 and com-
plete m2; MPM-PV 19746, right mandibular fragment with alveoli of
c—p3 and complete p4; MPM-PV 19758, left maxillary fragment
with M2-3 (broken); MPM-PV 19761, right maxillary fragment with
M1-2; MPM-PV 19763, left maxillary fragment with P4 (broken)—
M2; MPM-PV 19767, right m1 or m2, and right p3 or p4; MPM-PV
19772, toothless symphysis, and left mandibular fragment with p3
(broken)-m2; MPM-PV 19774, right mandibular fragment with bro-
ken alveolus of m1, broken m2, and lingual portion of m2; MPM-PV
19776, right maxillary fragment with P4 (alveolus)-M1 (broken);
MPM-PV 19781, left maxillary fragment with P2-M3, and right
mandibular fragment with p2-m1; MPM-PV 19782, right m3;
MPM-PV 19784, mandibular fragment with m1 (talonid)-3 (bro-
ken); MPM-PV 19785, left mandibular fragment with m1-3, and
right mandibular fragment with p4—m1; MPM-PV 19794, both M3;
MPM-PV 19799, left maxillary fragment with P4—-M3, right maxil-
lary fragment with C—P2, and premaxillary fragment with alveoli of
I1-2 and complete 13; MPM-PV 19805, left mandibular fragment
with broken alveoli of i2—p3 and complete p4, and isolated right m1;
MPM-PV 19806, left mandibular fragment with p3—-m3; MPM-PV
19815, right m1 and left m3 from the same individual; MPM-PV
19820, right maxillary fragment with PM4-M1; MPM-PV 19826,
right mandibular fragment with alveoli of p2-3 and p4-m1 (bro-
ken); MPM-PV 19849, left mandibular fragment with broken alve-
oli of m1-2; MPM-PV 19856, left mandibular fragment with m1

(alveolus)-2; MPM-PV 19864, isolated broken cheek teeth, and
postcranial elements; MPM-PV 19868, left mandibular fragment
with m1-2; MPM-PV 19870, left mandibular fragment with m2-3
(broken); MPM-PV 19876, badly preserved skull fragment, without
teeth; MPM-PV 19877, left maxillary fragment with P4-M1; MPM-
PV 19878, base of i1 or i2, left mandibular fragment with alveoli of
p1-2and complete p3—m1 (trigonid), and isolated right c; MPM-PV
19879, right I3, C?, P1, P2, P4, M1, M2, M3, and left P3 and P4;
MPM-PV 19888, right mandibular fragment with p4—m1 and frag-
ments of postcranial elements; MPM-PV 19893, right maxillary
fragment with P4—M3, and left mandibular fragments with alveoli of
i1-p3 and another with m1-3; MPM-PV 19914, left m1 or m2;
MPM-PV 19921, left premaxillary fragment with alveoli of 11-3, left
maxillary fragment with P3—M3, broken symphysis with both bro-
ken i1-2 and right i3-c, right mandibular fragment with m1 (bro-
ken)-2, left mandibular fragments with p3—4, another with m3 and
another with m1, and fragments of postcranial elements; and MPM-
PV 19925, left mandibular fragment with p4-m2.

Protypotherium praerutilum

BB. MPM-PV 19484, right mandibular fragment with m1-2; MPM-
PV 19486, isolated left m1 and m2; MPM-PV 19492, right mandibu-
lar fragment m1-3; MPM-PV 19493, right m1 or m2; MPM-PV
19518, left mandibular fragment with m1-2; MPM-PV 19526, right
mandibular fragment with p4-m2; and MPM-PV 19550, right
mandibular fragment with m2, isolated m1, and two labial frag-
ments of two molars.

SBB. MPM-PV 19586, right mandibular fragment with p4-m1;
MPM-PV 19589, right M3, right m1, left 12?, and fragments of un-
determined teeth; MPM-PV 19603, right maxillary fragment with
M1-2; MPM-PV 19604, left maxillary fragment with alveoli of C-P1
and P2-M3; MPM-PV 19627, both m1 and m2, and right i3 or ¢;
MPM-PV 19635, left mandibular fragment with p4 (alveolus)-m1;
MPM-PV 19637, right mandibular fragment with p4 (alveolus)-m3
(broken); MPM-PV 19643, left mandibular fragment with p1-m1
(broken), right premaxillary fragment with 11 (alveolus)-3, and iso-
lated left M3 and P2?; MPM-PV 19659, left maxillary fragment with
P3-M2 ; MPM-PV 19673, left mandibular fragment with m1-3
(erupting); MPM-PV 19681, right premaxillary fragment with alve-
oli of 11-3, one left maxillary fragment with C-P3, and another with
alveolus of M2, right maxillary fragment P3-4, isolated right 127, lin-
gual portion of right M1?, and fragments of cranial and postcranial
elements ; MPM-PV 19688, right mandibular fragment with m2-3
(broken), broken left i3 or ¢, right 12 or 13, both P1, both P2, broken
right M3, left P3, left P4, and broken undetermined teeth; MPM-PV
19689, two broken left m1 or m2; MPM-PV 19709, left mandibular
fragment with p4 (erupting)-m2; MPM-PV 19710, right mandibu-
lar fragment with p4 (alveolus)-m2; MPM-PV 19734, right
mandibular fragment with p3-p4 (alveolus)-m1-2; MPM-PV
19737, symphysis with alveoli of right i1-p3; MPM-PV 19743, left
mandibular fragment with m1-3 and right mandibular fragment
with p2 (alveolus)-m3; MPM-PV 19764, left maxillary fragment
with P3—M3 (broken); MPM-PV 19841, left mandibular fragment
with alveoli of p1-2 and complete p3—4; MPM-PV 19900, left
mandibular fragment with broken m2-3; MPM-PV 19911, left
mandibular fragment with m2-3; MPM-PV 19923, right mandibu-
lar fragment with m1-2 (trigonid).

Protypotherium attenuatum

BB. MPM-PV 19490, right mandibular fragment with m1-2; and
isolated right p3 and p4; MPM-PV 19494, broken left m3, lingual
portion of right m1 or m2, and right m1 or m2; MPM-PV 19516,
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right mandibular fragment with p4-m1; MPM-PV 19525, left
mandibular fragment with p3—m1; MPM-PV 19534, right maxillary
fragment with alveoli of P3-4 and complete M1-2, and isolated M3,
left mandibular fragment with alveoli p1-3 and series p4-m1; and
MPM-PV 19565, right m1 or m2.

SBB. MPM-PV 19667, right mandibular fragment with m2-3, MPM-
PV 19614, right p3 or p4; MPM-PV 19640, right mandibular frag-
ment with p4-m1; MPM-PV 19668, right maxillary fragment with
P4—-M2 (broken); MPM-PV 19679, left maxillary fragment with bro-
ken M1 or M2 and its posterior molar, and right 12 from the same in-
dividual; MPM-PV 19696, left m1 or m2 (almost unworn); MPM-PV
19751, right mandibular fragment with broken alveolus of m1, com-
plete m2 and broken m3, and right mandibular fragment with p3
(broken)-m1 (trigonid); MPM-PV 19762, right maxillary fragment
with alveoli of P3-4; MPM-PV 19773; right mandibular fragment
with p4 (erupting)-m1; MPM-PV 19777, right maxillary fragment
with P4-M1; MPM-PV 19793, left maxillary fragment with lingual
portion of P4—M2 (alveolus), and left broken talonid of m3?; MPM-
PV 19812, right mandibular fragment with p4—m2 (trigonid); MPM-
PV 19821, skull fragment with alveoli 1-C and complete series P1
(broken)-M1 (broken); MPM-PV 19844, right mandibular fragment
with m1-3; MPM-PV 19916, right m1 or m2; and MPM-PV 19922,
isolated left m1 and m2.

Protypotherium sp.

BB. MPM-PV 19529, mandibular fragment of a juvenile individual
with its symphysis and erupting c and p1; MPM-PV 19537, distal
humerus; and MPM-PV 19551, left mandibular fragment with m3
(talonid), and calcaneus.

SBB. MPM-PV 19576, unworn left p4; MPM-PV 19607, left maxil-
lary fragment with dP2-4, and fragments of postcranial elements;
MPM-PV 19612, right mandibular fragment with m2-3; MPM-PV
19625, left m1 or m2; MPM-PV 19633, right dp4; MPM-PV 19657,
left mandibular fragment with alveolus of m3; MPM-PV 19687,
right mandibular fragment with dp2—-p3-4 and isolated right i3 or c;
MPM-PV 19731, left maxillary fragment with dP3-4; MPM-PV
19738, isolated left P3?, and worn left p2; PMPM-PV 19742, left
p4; MPM-PV 19754, left dP3 or dP4; MPM-PV 19796, right dP3 or
dP4 right, two right p2 barely worn; MPM-PV 19809, right p1;
MPM-PV 19845, two right mandibular fragments with dp3—-4 and
m1-2 barely worn; MPM-PV 19853, both broken P3 or P4, and bro-
ken p3 or p4; MPM-PV 19858, broken undetermined teeth, right P3
or P4, labial portion of left M1 or M2; MPM-PV 19901, right
mandibular fragment with alveoli of p2 and unworn p3; and MPM-
PV 19913, mandibular fragment with both erupting dp4, and trigo-
nid of m1.

Interatherium sp.

BB. MPM-PV 19483, left mandibular fragment with alveoli of p1-3
and broken p4-m1; MPM-PV 19485, left M3, and broken left M1
or M2; MPM-PV 19496, right P3?; MPM-PV 19503, right M1?, and
left mandibular fragment with m1-2?; MPM-PV 19505, right
mandibular fragment with alveoli of i2—p1 and complete series p2—
m1; MPM-PV 19506, right P4 or M1; MPM-PV 19510, right 11;
MPM-PV 19514, right P4 or M1; MPM-PV 19522, upper and lower
isolated broken cheek teeth, and fragments of postcranial elements;
MPM-PV 19523, right maxillary fragment with M1-2; MPM-PV
19531, left P4 0 M1; MPM-PV 19536, distal humerus; MPM-PV
19554, right m2 and m3; MPM-PV 19556, right m1 or m2, and bro-
ken symphysis with alveoli of the anterior dentition; MPM-PV
19559, left lower cheek tooth; and MPM-PV 19566, left m3.

SBB. MPM-PV 19569, two broken lower cheek teeth; MPM-PV
19579, left m3; MPM-PV 19587, right M1; MPM-PV 19591, left
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M3; MPM-PV 19592, right mandibular fragment with p4-m3, left
maxillary fragment with C—P3, isolated 11, and lingual and labial por-
tions of two upper right and left cheek teeth; MPM-PV 19597, left
M1; MPM-PV 19599, right mandibular fragment with m1-3 (erupt-
ing); MPM-PV 19606, lower broken cheek tooth; MPM-PV 19611,
right m3; MPM-PV 19622, left M1 or M2 left; MPM-PV 19623, right
mandibular fragment with p2-4; MPM-PV 19628, right dP3 or dP4;
MPM-PV 19645, right maxillary fragment with P4—-M2; MPM-PV
19646, left maxillary fragment with P2 (alveolus)-4; MPM-PV
19647, left mandibular fragment with p4-3, and right mandibular
fragment with m1-2; MPM-PV 19648, isolated lower broken cheek
teeth; MPM-PV 19652, right mandibular fragment with a cheek
tooth; MPM-PV 19660, left cheek tooth; MPM-PV 19665, right P4?;
MPM-PV 19680, lower cheek tooth; MPM-PV 19683, left mandibu-
lar fragment with p1(alveolus)-m1; MPM-PV 19686, right P2 or P3
right; MPM-PV 19694, left mandibular fragment with p3-m1;
MPM-PV 19701, three broken upper cheek teeth; MPM-PV 19703,
right maxillary fragment with P2—-M3; MPM-PV 19705, two broken
right upper cheek teeth; MPM-PV 19707, left mandibular fragment
with p3—-4; MPM-PV 19713, right mandibular fragment with p4—
m3; MPM-PV 19722, left mandibular fragment with dp4—m2 (bro-
ken); MPM-PV 19726, left mandibular fragment with p3
(alveolus)-m2 (broken); MPM-PV 19729, right maxillary fragment
with M1-2, isolated left P2, right P4, left M1, and left m3; MPM-
PV 19732, right M3; MPM-PV 19739, left mandibular fragment with
p3-m2; MPM-PV 19741, two broken lower cheek teeth; MPM-PV
19747, left lower premolar; MPM-PV 19752, right mandibular frag-
ment with p3—-m1; MPM-PV 19760, right mandibular fragment with
m2-3; MPM-PV 19770, left maxillary fragment with M1, right max-
illary fragment with M1-2, right mandibular fragment with dp4—
m3, and fragments of postcranial elements; MPM-PV 19771, right
mandibular fragment with p4—-m1?; MPM-PV 19780, left maxillary
fragment with dP3-P4-M2 (P3 below dP3), right mandibular frag-
ment with p4—-m1; and isolated left m3; MPM-PV 19789, right max-
illary fragment with P4 (broken)-M2 (broken); MPM-PV 19811, two
lower cheek teeth; MPM-PV 19822, right maxillary fragment with
P2-3 (broken); MPM-PV 19825, right maxillary fragment with P3—
M3; MPM-PV 19830, right mandibular fragment with p3-m2;
MPM-PV 19831, right cheek tooth; MPM-PV 19839, right mandibu-
lar fragment with p4 (broken)-m3; MPM-PV 19838, left mandibu-
lar fragment with p2 (alveolus)-m3; MPM-PV 19843, right cheek
tooth; MPM-PV 19846, right mandibular fragment with alveoli of
p1-dp2 and complete series dp3-m1; MPM-PV 19847, left
mandibular fragment with p3—m2; MPM-PV 19848, left mandibu-
lar fragment with p2—-m2; MPM-PV 19851, left maxillary fragment
with M1-3, and fragments of cranial and postcranial elements;
MPM-PV 19861, right P4 or M1; MPM-PV 19873, right lower cheek
tooth; MPM-PV 19875, right mandibular fragment with p3-m1;
MPM-PV 19881, right cheek tooth; MPM-PV 19883, right dP3;
MPM-PV 19885, left M1 or M2; MPM-PV 19886, right mandibular
fragment with p1 (alveolus)-p4; MPM-PV 19887, left mandibular
fragment with p4—m2; MPM-PV 19889, right mandibular fragment
with m2-3, symphysis with alveoli of anterior teeth, and isolated
broken teeth; MPM-PV 19891, right M3; MPM-PV 19896, lower
cheek tooth; MPM-PV 19899, two mandibular fragments with p2
(broken)-p4 and m2-3; MPM-PV 19903, left mandibular fragment
with p3—-m2 (alveolus); MPM-PV 19904, lower right cheek tooth,
and right mandibular fragment with alveoli of p2 and p4, and com-
plete p3; MPM-PV 19906, left M3; MPM-PV 19907, right mandibu-
lar fragment with p4—m1; MPM-PV 19910, right P4 or M1; and
MPM-PV 19912, left mandibular fragment with m1-2.
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Appendix 3. Measurements (mm) of the dentition of the Santacrucian notoungulate specimens collected in the Rio Santa Cruz.

TaBLE 1 — Measurements of lower dentition of Nesodon imbricatus

i i2 i3 c
MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19560 = = = = 27.9 14.9 14.9+ 11.4+
p1 p2 p3 p4 m1 m2 m3
MDL LLL mpL  LLL MDL LLL  MDL LLL MDL LLL  MDL LLL  MDL  LLL
MPM-PV 19560 11.3 7.2 175 132 197 148 257 174 310 178 386 175 652 196

+, measurement based on the alveolus.

TaBLE 2 — Measurements of the upper dentition of Adinotherium ovinum

11 12 I3 C
MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19717 = = 70.3 12.4 54 32 6.0 33
P1 P2 P3 P4 M1 M2 M3
MDL LLL mpL L mMbL o LLL mMDL o LLL MDL  LLL  MDL  LLL  MDL  LLL
MPM-PV 19717 6.0 57 83 86 9.0 99 708 118 160 152 193 153 262 138

TaBLE 3 — Cranial measurements of Adinotherium ovinum

L We Oow Cw Wpc Lsc Pl PwP PwM

MPM-PV 19717 230.0 320 >122.0 152.0%* 350 83.0 127.0 26.0 47.0

L, length of the skull; Wc, width at postorbital constriction; Ow, Occiput width at base; Cw, bicigomatic width; Wpc, width premaxillary constriction; Lsc,
length sagittal crest; P, length of the palate in median line; PwP, Palatal width at P1; PwM, palatal width at M3. * approximate measure.

TaBLE 4 — Measurements of the upper dentition of Hegetotherium mirabile

P1 P2 P3 P4 M1 M2 M3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL

MPM-PV 19489 = = = = 4.2 3.9 5.1 4.0 7.6 4.3 = = 7.3 4.0
MPM-PV 19555 26 2.2 4.2 3.0 55 37 6.9 4.8 7.8 4.5 - - - -
MPM-PV 19695 = = = = = = = = = = 75+ 50+ 7.4* 4.0*

+, measurement based on the alveolus; *, approximate measurements.
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TaBLE 5 — Measurements of the lower dentition of Hegetotherium mirabile

p1 p2 p3 p4 m1 m2 m3

MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19487 - - 29 2.1 4.4 34 58 39 7.1 37 7.1 4.0 - -
MPM-PV 19527 - - - - - - 50 30 6.4 32 6.3 29 -
MPM-PV 19555 - - - - - - - - 6.5 33 6.6 36 - -
MPM-PV 19570 - - - - - - - 6.0 32 6.8 35 - -
MPM-PV 19658 - - - - - - 58 - 6.1 30 6.1 29 86 2.7
MPM-PV 19786 - - - - - - 59+ 30+ 6.1 28 70*  30* 100+ 37+
MPM-PV 19808 a - - - - - - - - 6.6* - 6.7 25 - -

+, measurement based on the alveolus; *, approximate measurement.
TasLE 6 — Measurements of the upper dentition of Pachyrukhos moyani
11 12
MDL LLL MDL LLL
MPM-PV 19654 7.89 1.60 - =
MPM-PV 19917 7.95 1.50* - -
P2 P3 P4 M1 M2 M3

MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19669 - - - - - - 4.6 2.7 4.5 2.7 4.3 2.2
MPM-PV 19757 - - - - - - 4.3 2.8 3.6 2.7 4.4 2.4
MPM-PV 19917 3.0 1.9 3.6 2.2 3.7* 2.7 4.4 32 4.1 2.8 4.3 2.3
MPM-PV 19813 36 1.4 36 2.2 39 25 4.1 2.7 4.0 26 39 2.1
MPM-PV 19924 33 18 33 2.2 39 25 4.2 2.7 4.0 28 4.0 26
* approximate measurements.
TaBLE 7 — Measurements of the lower dentition of Pachyrukhos moyani

i1 i2
MDL LLL MDL LLL
MPM-PV 19605 2.97 122 3.09 1.70
p2 p3 p4 m1 m2 m3

MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19583 a - - - - 33 2.2 36 2.2 39 2.3 - -
MPM-PV 19583 b - - - - 32 2.3 3.6 2.2 38 2.2 5.1 2.2
MPM-PV 19594 a - - - - - - - - - - 4.5 2.1
MPM-PV 19594 ¢ - - 32 2.0 32 2.2 33 2.0 32 2.1 51* 2.0*
MPM-PV 19594 d 3.4+ 2.0+ 3.0 2.1 3.4 2.3 38 2.3 39 2.3 - -
MPM-PV 19605 2.3 1.3 26 1.9 29 2.2 39 22 - - - -
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TaBLE 7 — Continued

p2 p3 p4 m1 m2 m3

MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19608 - - - - 32 2.1 39 23 36 25 56 23
MPM-PV 19613 - - - - - - 3.7 2.2 4.0 2.3 55 2.2
MPM-PV 19619 - - - - 28 1.9 35 22 34 22 - -
MPM-PV 19651 - - 29 1.6 28 1.9 3.1 2.1 3.1 2.0 - -
MPM-PV 19656 - - - - B 15 38 20 38 2.3 4.5 1.8
MPM-PV 19666 a 2.3 1.4 25 2.0 25 2.1 32 22 32 2.3 - -
MPM-PV 19666 b 2.1 1.4 30 2.0 36 23 - - - - - -
MPM-PV 19693 a 2.6+ 1.8+ 3.1+ 1.6+ 32 22 35 2.3 - - - -
MPM-PV 19693 b 2.2+ 1.8+ 3.1 2.0 28 22 - - - - - -
MPM-PV 19700 - - - - - - - - 34 2.0 4.7 2.0
MPM-PV 19704 - - 3.4 2.0 34 2.3 37 2.3 3.7 2.2 50 25
MPM-PV 19706 - - 3.1 2.0 32 2.1 37 20 4.1 2.0 4.7 2.1
MPM-PV 19711 = = = = 33 2.2 38 2.2 38 2.2 54 2.1
MPM-PV 19720 - - - - 3.0 2.3 33 2.2 38 25 - -
MPM-PV 19744 - - - - - - 4.1 25 38 2.2 52 2.2
MPM-PV 19757 - - 32 1.9 32 2.3 3.6 25 3.6 25 57* 2.3
MPM-PV 19769 a = = - - 32 2.1 33 2.2 34 2.2 - -
MPM-PV 19769 b - - - - 33 22 35 2.2 - - - -
MPM-PV 19769 ¢ = = 26 1.6 28 1.6 36 1.8 32 1.9 = =
MPM-PV 19769 d - - 2.3 1.8 2.6 2.1 3.0 2.3 - - - -
MPM-PV 19788 a = = 29 2.0 3.0 2.1 37 2.3 4.0 2.3 4.9 1.9
MPM-PV 19792 a 25 1.7 26 2.2 - - - - - - - -
MPM-PV 19792 b 2.4+ 2.0+ 29 2.0 34 2.4 4.0 2.4 - - - -
MPM-PV 19813 26 1.4* 26 1.9 27 2.1 3.1 2.2 36 2.1 51 18
MPM-PV 19816 - - 28 2.1 32 2.1 4.0 22 39 22 56 23
MPM-PV 19828 - - 26 1.6 30 1.7 35 20 - - - -
MPM-PV 19835 2.4+ 1.5+ 28 2.0 32 2.1 - - - - - -
MPM-PV 19850 a - - - - 34 2.0 37 2.4 4.4 2.3 - -
MPM-PV 19850 b - - 29 1.8 26 2.1 32 2.2 3.7 2.3 - -
MPM-PV 19854 - - 28 1.9 3.4 2.2 33 2.2 - - - -
MPM-PV 19860 a 2.8 1.7 2.8 2.0 3.1 2.2 3.4 2.2 35 2.3 = =
MPM-PV 19860 b 2.3 1.4 2.8 1.9 32 2.2 39 2.3 - - - -
MPM-PV 19860 ¢ - - 2.4 1.7 29 1.8 - - - - - -
MPM-PV 19866 - - 2.4+ 2.7+ 2.7+ 2.1 3.7+ 2.4 4.0* 2.3 - -
MPM-PV 19874 2.0 15 25 1.8 34 1.9 = = = = = =
MPM-PV 19892 a - - 28 2.0 3.1 2.1 3.4 2.1 33 2.2
MPM-PV 19892 b - - = = 3.0 1.9 3.0 2.0 32 20
MPM-PV 19892 ¢ - - 2.7 19 - - - - - - - -
MPM-PV 19892 d - - 28 1.8 2.9 1.8 33 1.8 3.0 20 = =
MPM-PV/ 19892 e - - - - 29 2.0 32 2.0 39 2.1 - -
MPM-PV 19920 - - 2.7 18 3.0 20 36 20 - 2.0* -

+, measurement based on the alveolus; *, approximate measurement; deciduous teeth are indicate in parentheses.
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TaBLE 8 — Measurements of the upper dentition of Protypotherium australe

11 12 13
MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19620 - - 52 20 - - - -
MPM-PV 19715 - - 4.8+ 3.0+ 4.9+ 3.0+ 58+ 371+
MPM-PV 19716 519 27 4.9 2.4 53 27 4.3 30
MPM-PV 19799 - - - - 5.0 2.2 52 26
MPM-PV 19878 - - - - - - 4.0 1.6
MPM-PV 19879 - - - - 5.0 2.1 4.4 20
P1 P2 P3 P4 M1 m2 M3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19603 - - - - - - - - 7.0 5.1 6.4 37 - -
MPM-PV 19631 - - - - 6.0 50 6.9 6.0 9.5 6.3 7.9 6.0 7.3 4.3
MPM-PV 19715 4.5+ 3.5+ 4.2+ 4.7+ 54 50 6.5+ - 9.1 57 >7.0 51 84 4.1
MPM-PV 19716 32 2.0 52 38 6.2 4.9 7.1 56 83 52
MPM-PV 19758 - - - - - - - - 7.6* 55 - 48 - -
MPM-PV 19799 4.5 2.3 53 33 - - 57 51 84 53 7.6 4.9 7.0 4.0
MPM-PV 19878 - - - - 52 3.1 50 33 81 4.0% - - - -
MPM-PV 19879 37 28 4.1 37 4.3 4.2 53 4.3 75 55 7.1 4.8 7.0 4.1
MPM-PV 19893 - - - - - - 6.0 50 86 52 7.7 4.6 7.0 4.0
+, measurement based on the alveolus; *, approximate measurements.
TaBLE 9 — Measurements of the lower dentition of Protypotherium australe
i i2 i3
MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19620 - - - - - - 4.7 1.9
MPM-PV 19631 - - - - - - 4.7 2.1
p1 p2 p3 p4 m1 m2 m3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19593 - - - - - - - - 7.6 4.1 82 4.2 - -
MPM-PV 19620 - - 4.6+ 2.5+ 4.9+ 2.7+ 53+ 53+ 7.2 4.1 7.1 4.0 9.3 38
MPM-PV 19630 - - - - - - - - 7.7 4.1 7.4 3.9 9.1 35
MPM-PV 19631 - - - - 57 36 6.4 4.0 87 4.1 - - 10.1 35
MPM-PV 19728 - - - - - - - - 85 4.3 7.7 4.0 9.4 36
MPM-PV 19782 - - - - - - - - - - - - 85 3.7
MPM-PV 19785 - - - - - - 54 3.1 7.7 37 75 39 88 34
MPM-PV 19806 - - - - 48+ 30+ 5.4 32 7.6 37 7.3 34 9.0 3.1
MPM-PV 19856 - - - - - - - - 7.6+ 51+ 7.0 4.0 - -
MPM-PV 19868 - - - - - - - - 7.7 37 7.3 36 - -
MPM-PV 19893 - - - - - - - - 7.6 38 7.2 37 9.0 34
MPM-PV 19914 - - - - - - - - 7.6 39 - - - -
MPM-PV 19925 - - - - - - 6.1 32 87 4.21 7.8 4.1 - -

+, measurement based on the alveolus.
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TaBLE 10 — Measurements of the upper dentition of Protypotherium praerutilum

11 12
MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19681 - - 55 30 - - 4.6 27
pP1 p2 P3 P4 M1 m2 M3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19604 2.4+ 20+ 35 34 39 36 4.2 39 6.3 4.1 57 36 55 3.1
MPM-PV 19659 - - - - 35 4.1 4.9 4.3 6.7 4.5 6.7 44 - -
MPM-PV 19681 33 25 3.7 38 4.5 4.5 4.9 4.5 = = = = = =
MPM-PV 19764 - - - - 4.2* 4.2* 55* 4.6* - 4.7* 65 4.2 - -
+, measurement based on the alveolus; *, approximate measurements.
TaBLE 11 — Measurements of the lower dentition of Protypotherium praerutilum
p1 p2 p3 p4 m1 m2 m3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19484 - - - - - - - - 6.0 3.1 58 3.1 - -
MPM-PV 19492 - - - - - - - - 6.3* 3.4 6.6 33 83 34
MPM-PV 19493 - - - - - - - - 6.2 35 - - - -
MPM-PV 19518 - - - - - - - - 65 36 6.2 36 - -
MPM-PV 19526 - - - - - - 4.4 29 6.1 35 59 35 - -
MPM-PV 19586 - - - - - - 4.3 2.9 6.5 3.1 - - - -
MPM-PV 19623 - - - - 4.2 2.1 4.3 26 6.4 2.9* - - - -
MPM-PV 19743 - - - - 4.0 2.4 4.0 28 6.0 28 5.4 27 6.8 29
MPM-PV 19911 - - - - - - - - - - 6.2+ 32 7.7 30
MPM-PV 19923 - - - - - - - - 6.7 37 - - - -
* approximate measurements.
TaBLE 12 - Measurements of the upper dentition of Protypotherium attenuatum
P1 P2 P3 P4 M1 m2 M3
MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19534 - - - - - - - - 6.2 4,1* 6.0 4.3 - -
MPM-PV 19668 - - - - - - 4.1 3.4 6.2 38 6.0*  37* - -
MPM-PV 19777 - - - - - - 4.7 3.6 6.1 3.7 - - - -
MPM-PV 19821 19 1.6 2.8 >2.5 3.7 >3.5 4.5 38 6.0* - - - - -

+, measurement based on the alveolus; *, approximate measurement; deciduous teeth are indicate in parentheses.
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TaBLE 13 — Measurements of the lower dentition of Protypotherium attenuatum

m2 m3

MDL MDL LLL MDL LLL MDL LLL MDL LLL MDL LLL
MPM-PV 19490 - 4.2 26 4.4 25 54 30 56 30 - -
MPM-PV 19516 - - - 4.0 30 5.4 30 - - - -
MPM-PV 19525 - 39 22 4.7 26 56 29 - - - -
MPM-PV 19549 - - - 4.5 26 53 3.1 - - - -
MPM-PV 19565 - - - - - 58 30 - - - -
MPM-PV 19640 - - - 4.0 2.3 4.7 27 - - - -
MPM-PV 19667 4.3 2.3 6.7* 2.2*
MPM-PV 19696 - - - - - 48 2.0 - - - -
MPM-PV 19812 - - - 35 2.3 4.9 25 = = = =
MPM-PV 19844 - - - - - 59 28 57 28 7.1 26
MPM-PV 19916 - - - - - 56 3.1 - - - -
MPM-PV 19922 - - - - - 59 3.1 - - - -

* approximate measurements.
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