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Abstract. Fossil sirenians are well known from the Western Atlantic and Caribbean (WAC) region. Neogene records from the Atlantic coast
of South America, although scarce, seem to reflect a similar taxonomic composition to its northern contemporaries. Fossil sirenians from
Argentina are known from the late Miocene Parand and Ituzaing6 formations in Entre Rios Province. An upper third molar housed in the
Museo de Paleontologia de la Universidad Nacional de Cérdoba (CORD-PZ 4301), from the Parand Formation, was originally described
and assigned to the dugongid genus Metaxytherium Christol. Subsequent workers suggested it could instead belong to the dugongid genus
Dioplotherium Cope, a designation that we confirm upon examination of the material. Additionally, we describe new sirenian remains from
the Parand Formation, consisting of two incomplete maxillac with teeth, belonging to one individual, deposited at the Museo de Ciencias
Naturales de Parand (MASP 373). This specimen shows similarities with species of Mezaxytherium from the northern WAC. The Parand For-
mation sirenians represent the southernmost occurrences of these two genera, and the geologically youngest occurrence of dugongids in the
southern WAC. Diagplotherium and Metaxytherium also occur in the early Miocene of northern Brazil. The presence of these taxa as far south
as Entre Rios latitude suggests two possible dispersal routes: (1) across a marginal connection between a southern arm of the Amazonian Sea
and the “Paranense Sea”; (2) along the Brazilian coast. Lastly, the occurrence of dugongids, which feed mainly on seagrasses, indicates that
these marine angiosperms were present in the region as well.
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Resumen. FOSILES DE DUGONGIDAE (MAMMALIA, SIRENIA) DE LA FORMACION PARANA (MIOCENO TARDIO) DE LA
PROVINCIA DE ENTRE RIOS, ARGENTINA. Los sirenios fésiles son bien conocidos en la regién del Addntico occidental y el Caribe
(WAC). Los registros nedgenos de la costa atlintica de América del Sur, aunque escasos, parecen reflejar una composicion taxonémica similar
a la de sus contempordneos del norte. Los sirenios fdsiles de Argentina son conocidos desde el Mioceno tardio en las formaciones Parand e
Ituzaingé en la provincia de Entre Rios. Un tercer molar superior depositado en el Museo de Paleontologia de la Universidad Nacional de
Coérdoba (CORD-PZ 4301), de la Formacién Parand, fue descrito y asignado originalmente al dugongo del género Metaxytherium Christol.
En trabajos posteriores se sugirié que podria pertenecer al dugongo del género Dioplotherium Cope, una designacién que se confirma tras
el examen del material. Ademds, se describen nuevos restos de sirenios de la Formacién Parand, correspondientes a dos maxilares superiores
incompletos con dientes, pertenecientes a un mismo individuo, depositados en el Museo de Ciencias Naturales de Parand (MASP 373).
Este espécimen muestra similitudes con especies de Metaxytherium del norte del WAC. Los sirenios de la Formacién Parand representan
los registros mds australes de estos dos géneros y la aparicion geoldgicamente mds joven de dugongos en el sur del WAC. Dioplotherium y
Metaxytherium también se encuentran en el Mioceno temprano del norte de Brasil. La presencia de estos taxones hasta latitudes tan australes
como Entre Rios sugiere dos posibles rutas de dispersién: (1) a través de una conexién marginal entre un brazo sur del Mar de la Amazonia
y el “Mar Paranense”; (2) a lo largo de la costa brasilena. Por ltimo, la aparicién de dugongos, que se alimentan principalmente de pastos
marinos, indica que estas angiospermas marinas estuvieron presentes en la regién.

Palabras clave. Sirenia. Dugongidae. Mioceno. Argentina.

FossiL sirenians are relatively well known from the West-
ern Atlantic and Caribbean (WAC) region and include
members of the four known sirenian families, Prorastomi-
dae, Protosirenidae, Trichechidae (manatees) and Dugon-
gidae (dugong) (Domning, 2001). The majority of these
fossils are from the Atlantic coast of North America and
the Caribbean. They also occur on the Atlantic coast of

South America and, although scarce, seem to reflect a simi-
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lar taxonomic composition to its northern contemporaries
(Toledo and Domning, 1991). All the South American oc-
currences are Neogene in age and include early members
of the Family Trichechidae (manatees) (Ameghino, 1883;
Pascual, 1953; Domning, 1982, 1997) as well as members
of the dugongid subfamilies Halitheriinae and Dugonginae
(Reinhart, 1976; Toledo and Domning, 1991; Domning,
2001). Florentinoameghinia mystica Simpson, 1932, from
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the early Eocene of Patagonia, has been regarded as Sire-
nia (Sereno, 1982). In his original description Simpson
(1932a) mentioned the presence of sinuses, a feature that
is absent in Sirenia (Domning, 1994). Therefore, we follow
Simpson’s (1932a) and Domning’s (2001) designation of
this species as Mammalia incertae sedis.

The fossil record of sirenians from Argentina is so far
restricted to the late Neogene Parand and Ituzaingd forma-
tions in Entre Rios Province. From levels of the Ituzaingd
Formation, Ameghino (1883) described Ribodon limbatus,
an early member of the Family Trichechidae (Pascual, 1953;
Domning, 1982). A tooth from the Parand Formation was
described and assigned to the dugongid genus Meraxythe-
rium Christol, 1840, by Reinhart (1976). However, subse-
quent workers (Cozzuol, 1996; Cione et al., 2000; Domn-
ing, 2001) considered it, tentatively, as belonging to the du-
gongid genus Dioplotherium Cope, 1883.

In this paper we describe additional sirenian remains
from the Parand Formation and review the morphology of
the material described by Reinhart (1976).

MATERIAL AND METHODS

The studied materials consist of two incomplete maxillae
with teeth belonging to one individual and an upper third
molar, which are deposited at MASP and CORD-PZ collec-
tions, respectively.

For identification and comparison of the Parand fossils we

used the following specimens: Dugongidae, Halitheriinae:
Metaxcytherium floridanum Hay, 1922, USNM 356679, 356680;
M. crataegense (Simpson, 1932b), USNM 16757; and M. serresii
(Gervais, 1847), 25P115B, 26P66A, 829P34A. Dugongidae,
Dugonginae: Dioplotheirum cf. D. allisoni (Kilmer, 1965), casts
of MPEG 64-V (available at the USNM); and Crenatosiren olseni
(Reinhart, 1976), SC 90.104. Further observations of CORD-
PZ 4301 were made on a cast (USNM 412209).
Institutional abbreviations. CICYTTP-PV, Centro de
Investigaciones Cientificas y Transferencia de Tecnologfa a
la Produccién de Diamante-CONICET, Coleccién de Pa-
leontologia de Vertebrados, Diamante, Argentina; CORD-
PZ (NUC in Reinhart, 1976: p. 272), Museo de Paleon-
tologfa de la Universidad Nacional de Cérdoba, Cérdoba,
Argentina; MASP, Museo Provincial de Ciencias Naturales
y Antropolégicas “Profesor Antonio Serrano”, Parand, Ar-
gentina; MPEG, Museu Paraense Emilio Goeldi, Belém,
Brazil; SC, South Carolina State Museum, Columbia, USA;
USNM, Department of Paleobiology, National Museum of
Natural History, Smithsonian Institution, Washington, DC,
USA.

Anatomical abbreviations. ac, anterior cingular cusp; hy,
hypocone; lac, lingual accessory cusps; mcl, metaconule;
me, metacone; pa, paracone; pc, posterior cingular cusp;
plc, posterolingual cingular cusp; pr, protocone; prl, proto-

conule; tv, tranverse valley.
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Figure 1. Geographic location of fossil locality Cerro La Matanza, Entre Rios, Argentina/ localizacion geogrdfica del sitio fosilifero Cerro La Matanza,

Entre Rios, Argentina.
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GEOLOGICAL SETTINGS

The Parand Formation is the lithostratigraphic expres-
sion at southern South America of a widespread Atantic
marine transgression. During the middle and late Miocene
this marine incursion covered most of the Chaco—Parand Ba-
sin and eastern Patagonia, the northern portion of the Sie-
rras Subandinas and the north-western Sierras Pampeanas in
Argentina, reaching as far north as Bolivia, Paraguay, western
Uruguay, and southern Brazil (Uliana and Biddle, 1988; Acefo-
laza, 2000, 2004; Herndndez ez al., 2005; Pascual e al., 1996).

The age of the Parand Formation has been largely de-
bated on the basis mainly of different biostratigraphic inter-
pretations regarding its included invertebrate fauna, ranging
from middle (e.g., Acefiolaza, 2000; Acenolaza and Acefio-
laza, 2000; Del Rio, 2000) to late Miocene (e.g., Camacho,
1967; Frenguelli, 1920; Acefiolaza, 1976; Zabert, 1978;
Cione et al., 2000). Recent approaches supported on new
paleontological evidence and radioisotope dating tend to es-
tablish its age in the late Miocene (Pérez and Griffin, 2010;
Pérez et al., 2010).

The stratigraphic provenance of fossil dugongids from
Entre Rios Province

MASP 373 comes from the Cerro La Matanza locality
(32°35'51"S-60°11'22"W), situated at the surroundings of
Victoria city in Entre Rios Province, Argentina (Fig. 1). Cer-
ro La Matanza is actually part of the riverside cliffs that rises
on the left margin of the Parand River in the southwestern
region of the province.

The section exposed there represents an outstanding relict
of the mid—late Miocene marine transgression-regression cy-
cle commonly known as “Mar Paranense” or “Entrerriense”.
The stratigraphic sequence at the fossiliferous locality was
described by Bidegain (1991). It is about 8 m thick, being
dominated by a thick marine unit (unit B) about 6 m thick,
which is discordantly overlain by a loess layer (unit A) and
underlain by at least 1.5 m of fluvial sand (unit C) (Fig. 2).

The unit C sand layer consists of medium to fine sand,
with cross-bedding occurring in the upper part. It represents
fluvio-deltaic depositional conditions (Bidegain, 1991).

Unit B, which contains the fossil-bearing levels, was de-
posited under shallow marine environmental conditions.
The base of this unit is a fossil-bearing (2-3 m thick) calcare-
ous sandstone with dominantly horizontal bedding where
mollusc shells are clearly recognized. The sandstone is hard
in its middle section, rendering more difficult the recogni-

tion of fossil invertebrates, but becomes again less cemented
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and the grain size is finer towards the top (1 m). There is
an oyster bank with Ostrea patagonica d’Orbigny, 1842, at
the base of the upper part of unit B that consists of greenish
sandy-silty clay with CaCO, precipitates and patches of Fe
and Mn oxides (1-1.5 m thick) (Bidegain, 1991). These up-
per levels of unit B are strongly weathered and contain most
of the marine fossil vertebrate bones studied.

From a lithostratigraphic point of view, units C and B
of Bidegain (1991) belong to different facies of the Parand
Formation. Unit B is separated by a marked uncoformity,
—representing a very long hiatus of time—, from the pow-
dered loess of unit A. The latter is referred to the late Pleisto-

cene—early Holocene Tezanos Pinto Formation.

SYSTEMATIC PALEONTOLOGY
Class MammaLia Linnaeus, 1758
Order Sirenta Illiger, 1811
Family DuGONGIDAE Gray, 1821
Subfamily HavrtHERIINAE (Carus, 1868) Abel, 1913

Genus Metaxytherium Christol, 1840
Type species. Metaxytherium medium (Desmarest, 1822)
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Metaxytherium sp.

Figure 3.1-4; Table 1

Referred material. MASP 373, posterior end of both maxil-
lae belonging to a single specimen: left maxilla with M1-3
(Fig. 3.1-2) and right one with M3 (Fig. 3.3-4)

Locality. Cerro la (32°35'51"S-
60°11"22"W), Victoria city, Entre Rios Province, Argentina.

Matanza locality
Horizon and age. Parand Formation, late Miocene.
Description. Only the alveolar portion posterior to the
zygomatic-orbital bridge is preserved in both maxillae. As
in most known dugongids, with the exception of Xenosiren
yucateca Domning, 1989a, this part is dorsoventrally thick,
being taller than the length of the roots of the molars, and
robust, with its lateral surface and posterolateral corner over-
hanging the molars; posteromedially it thins and the lingual
root of M3 is exposed. The posteromedial surface has an in-
terdigitated sutural surface that would have contacted the
palatine.

The M1 presents anterior and posterior wear facets (ante-
rior for dP5, posterior for M2); cusps mostly worn, forming
a largely confluent lake of dentine. An accessory cusp, located
posterolabial to paracone, blocks the transverse valley buccally.

The M2 is a tooth nearly square in outline. Anterior
cingulum consists of a ridge, confluent with protocone. An
accessory cusp, located mesial to the paracone, closes the
precingular valley labially. Protoloph (paracone, protoconule
and protocone) worn, forming continuous dentine lake; the
cusps seem to have been aligned along a bucco-lingual axis.
Protocone subdivided into nearly equal parts by a vertical
groove on its lingual surface; alternatively, crevice could be
marking the boundary between protocone and an accessory
cusp. Protocone extended distally farther aft than protoco-
nule and together with a mesially positioned metaconule,
constricts the transverse valley lingually. Paraloph (meta-
cone, metaconule and hypocone) confluent with posterior
cingular cusp, forming a continuous lake of dentine. Cusps
in paraloph seemed to have been arranged in a semicircle
(more like a C). Posterior cingular valley narrower than the
anterior one and open buccally. Metaconule and hypocone
separated by a notch.

Both left and right M3 nearly identical; not as worn
as M1-2 with enamel surface folded and fissured; poste-
riorly narrower than M2, but overall very similar. Ante-
rior cingulum cuspate and recurved distally on buccal side;
separated from protocone by a cleft located mesial to the

protoconule. Anterior cingular valley closed by a low cusp
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from the anterior cingulum and a large mesially-positioned
paracone. As with M2, the paracone, protoconule and pro-
tocone are arranged in a bucco-lingual axis. Lingual to the
protocone there is a couple of accessory cusps in the left
molar and one on the right; they are all shorter than the
protocone; in the left M3 the more distal accessory cusp is
the shortest. Similar to M2, the transverse valley is blocked
lingually by a large mesially-positioned metaconule and the
posterior slope of the protocone. Metaconule and meta-
cone are arranged nearly in the same bucco-lingual axis.
The metacone has an accessory cusp distally of nearly the
same size. The hypocone is multicusped and located disto-
lingual to the metaconule. The posterior cingular valley is
open distobuccally.

Remarks. MASP 373 displays most of the general features
seen in most dugongid molars, such as bucco-lingually ori-
ented protoloph and centrally-located metaconule. Of the
dugongid species that we studied, MASP 373 resembled
more those within the halitheriine genus Mezaxytherium,
specifically with material referred to M. floridanum from the
mid-late Miocene Bone Valley Formation in Florida (USA).
It resembles this taxon by having in M1-2 an accessory cusp
blocking anterior cingular valley; M2 with transverse valley
blocked with what could be interpreted as an accessory cusp
distal to the protocone; and M1-3 resembling some of the
larger M. floridanum molars by having accessory cuspules
and more complexly folded and fissured enamel surfaces
(Reinhart, 1976; Domning, 1988). This pattern of accessory
cuspules and more complexly folded and fissured enamel
surface has yet to be seen in dugongines (e.g.,, Domning,
1989a, 1997), and seems to be more distinctive of derived
halitheriines. MASP 373 does however differ from M. flori-
danum by being smaller (Tab. 1), with dimensions below the
mean values reported for M. floridanum (Domning, 1988:
tab. 5), being more similar to some M. serresii (Domning

and Thomas, 1987: tab. 5).

Subfamily DuconGINAE (Gray, 1821) Simpson, 1932b
Genus Dioplotherium Cope, 1883
Type species. Dioplotherium manigaulti Cope, 1883

Dioplotherium sp.
Figure 4
Metaytherium, Reinhart, 1976, p. 272.
Dioplotherium, Cozzuol, 1996, p. 327.
Dioplotherium, Cione et al., 2000, p. 198.
ct. Dioplotherium, Domning, 2001, p. 29.
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Figure 3. Metaxytherium sp., MASP 373; 1-2, occlusal view of left M1-3/ vista oclusal de M1-3 izquierdos; 3-4, occlusal view of right M3/ vista oclu-
sal del M3 derecho. See text for abbreviations/ ver el texto para las abreviaturas. Scale/ escala= 1 cm.
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Referred material. CORD-PZ 4301, upper left M3 (Fig. 4).
Locality. Cliffs along Parand River, Villa Urquiza, Entre Rios
Province, Argentina.

Horizon and age. Parand Formation, late Miocene.
Description. CORD-PZ 4301 is of similar size to the M3
of the Brazilian Dioplotherium (MPEG-64V) (Tab. 1; To-
ledo and Domning, 1991: tab. 1). However, they differ in
that CORD-PZ 4301 has a broader anterior cingular valley,
a protocone that projects less far distally, and a metacone
that is located distobuccal to the metaconule (see Reinhart,
1976: fig. 32; tab. 7). Both CORD-PZ 4301 and the Brazil-
ian Dioplotherium differ from M3 of MASP 373 in lacking
accessory cusps, enamel surface not extensively folded and
fissured, anterior cingular valley open buccally, and a more
lingually located metaconule.

Remarks. This tooth was originally assigned to the dugon-
gid genus Metaxytherium by Reinhart (1976). However,
since then, several authors (Cozzuol, 1996; Cione et al,
2000; Domning, 2001) have referred it to another genus,
Dioplotherium. Two species of Dioplotherium are known:
D. manigaulti from the late Oligocene of the east coast of
North America (Domning, 1989b) and D. allisoni from the
middle Miocene of Baja California and California (Kilm-
er, 1965; Domning, 1978). D. manigaulti is known from
a nearly complete skull, but only the heavily worn M2 are
preserved (Domning, 1989b), making it unsuitable for com-
parison with the Parand material. A well preserved skull and
mandibles and cranial material belonging to two other skulls
from the early Miocene Pirabas Formation of Brazil have
been tentatively assigned to D. allisoni (Toledo and Domn-
ing, 1991). The Brazilian Dioplotherium does preserve most

148LE 1- Linear dimensions (in mm) of cheek teeth of Metaxytherium
sp. and Dioplotherium sp./ dimensiones lineales (en mm) de dien-
tes mandibulares de Metaxytherium sp. and Dioplotherium sp. L,
crown length/ largo de la corona; AW, anterior width/ ancho ante-
rior; PW, posterior width/ ancho posterior.

Metaxytheriumsp. Dioplotherium sp.

Tooth and dimension (Left) (Right) (Left)
MIL 17.3 - -
M1 AW - -
M1 PW 19.6 - =
M2L 22 - -
M2 AW 21 - -
M2 PW 16.1 - -
M3L 21 23 25
M3 AW 22 21 18
M3 PW 16.1 17 14.5
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of the dentition, which allows the comparison with CORD-
PZ 4301 (see description above).

DISCUSSION

The sirenians from the Parand Formation represent the
southernmost occurrence of Metaxytherium and Dioploth-
erium, as well as the geologically youngest occurrence of du-
gongids in the southern WAC. Both genera have been previ-
ously reported together from the same age and horizon, i.c.,
from the early Miocene Pirabas Formation in Brazil (Toledo
and Domning, 1991; Berqvist e a/., 1999).

From a paleobiogeographic point of view, the presence
of these taxa as far south as Entre Rios in Argentina can be
interpreted by dispersal across a connection between the
“Amazonian” and the “Paranense” seas or by migration along
the marine coast during Miocene times.

Hypotheses about the occurrence of a late Tertiary seaway
that connected the Caribbean and the Amazonian regions to
the South Atlantic through the Subandean zone have been
largely debated (lhering, 1927; Nuttal, 1990; Boltovskoy,
1991; Webb, 1995; Risinen ez al., 1995; Herndndez et al.,
2005; Latrubesse ez al., 2010). Paleontological and geologi-
cal evidence seems to be controversial or, at least, not defini-
tive to support this scenario (Rebata ez al., 2006; Latrubesse
et al., 2010). Based on radiometric dates and analyses of tec-
tonic/eustatic controls during the South American Miocene,
Herndndez ez al. (2005) suggested that the 15-13 Ma trans-
gression registered in Argentina by sediments of the Parand
Formation produced no continental connection to the Ca-
ribbean or Amazonian transgressions.

On the other hand, Pérez ez a/. (2010) stated that the
present and fossil distribution of species of the bivalves
Polymesoda and Erodona, which are known from the Parand
Formation, are indicative of a probably marginal connection
between a southern arm of the “Amazonian Sea” and the
northernmost reaches of the Parand Basin. This hypothesis
is based on the peculiar ecological requirements of extant
members of these taxa, which are restricted to brackish or
freshwater environments, making it highly unlikely that they
instead migrated along the Atlantic coast of South America
(Pérez et al., 2010).

Paleogeographic reconstructions of South America dur-
ing the interval when the “Amazonian Sea” was present show
three main portals into this inland sea (Webb, 1995: 361;
fig. 1). It is then tentative to envision a scenario where the
Pirabas Formation dugongids, although somewhat older

(i.e., early-middle Miocene; see Rossetti, 2001), entered this



inland sea through the “East portal seaway” (Rebata ez 4l.,
2006) and migrated down to the Entre Rios Province where
they gave rise to the Parand dugongids. However, dugongids
are tied to the distribution of their main food source, sea-
grasses, which are largely marine and would not have been
present in brackish or maybe even freshwater conditions
within the “Amazonian Sea”. It therefore seems more prob-
able that the Parand dugongids dispersed along the South
American marine coast, where it is more likely that seagrasses
were present, and reached the high latitudes of Entre Rios
Province by entering through the “Paranense Sea” from the
south. The presence of this inland sea likely played a major
role in the evolutionary history of trichechids as well as other
marine-derived taxa (Webb, 1995).

The presence of the dugongids Dioplotherium and
Metaxytherium in Argentina represents the southernmost
occurrence of these taxa in the Western Atlantic and Ca-
ribbean. These two taxa were probably sympatric, as was
the case in the Pirabas Formation and other areas of the
WAC region (Toledo and Domning, 1991; Domning,
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Figure 4. Dioplotherium sp. CORD-PZ 4301; occlusal view of left M3,
modified from Reinhart (1976)/ vista oclusal del M3 izquierdo, modifi-
cado de Reinhart (1976). See text for abbreviations/ ver el texto para las
abreviaturas. Scale/ escala= 1 cm.
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2001; Vélez-Juarbe ez al., 2012). The occurrence of dugon-
gids also serves as a proxy for the presence of seagrasses in
an area where they are nowadays absent (Green and Short,
2003). Evidences provided by microfossils and sedimento-
logical facies suggest that the “Paranense Sea” was a shal-
low embayment, including littoral to sub-littoral environ-
ments with transgressive characteristics, and representative
of temperate to warm waters (Acefiolaza, 2000; Marengo,
2000). The “Paranense Sea” likely provided an ideal habitat
for sirenians and seagrasses, by giving shelter from the open
Atlantic Ocean. The extinction of dugongids in this region
could have been caused by changes in the depositional en-
vironments and reduction of habitat and/or extinction of

the seagrasses.

ACKNOWLEDGMENTS
We thank G. Bahler, G. Ibargoyen, and J. Pefia (MASP) for access to fossil

materials; B. Beatty and M. Cozzuol for their comments as reviewers, and
E. Cerdeno for her editorial task. Financial support to JV] was provided by
the WBHR-LSAMP Bridge to the Doctorate Program at HU, a National
Museum of Natural History predoctoral fellowship from the Smithsonian
Institution and a NSF EAR grant (no. 0929117) to D.P. Domning. Field
work was partially supported by grants PICT-ANPCYT 2007-392 and PIP-
CONICET 2008-886.

REFERENCES

Abel, O. 1913. Die eociinen Serenen der Mittelmeerregion. Erster Teil: Der
Schidel von Eotherium aegyptiacum. Palaeontographica 59: 289-360.

Acefiolaza, EG. 1976. Consideraciones estratigréficas sobre el Terciario ma-
rino de Parand y alrededores. Acta Geoldgica Lilloana 13: 91-118.

Acenolaza, EG. 2000. La Formacién Parand (Mioceno medio): estratigrafia,
distribucién regional y unidades equivalentes. INSUGEQ, Serie Corre-
lacion Geoldgica 14: 9-27.

Acenolaza, EG. 2004. Paleobiogeografia de la Regién Mesopotdmica. In:
EG. Acefolaza (Ed.), Temas de la Biodiversidad del Litoral fluvial ar-
gentino III. INSUGEQ, Misceldnea 12: 25-30.

Acefolaza, EG. and Acefiolaza, G.E 2000. Trazas fésiles del Terciario ma-
rino de Entre Rios (Formacién Parand, Mioceno medio), Republica
Argentina. Boletin de la Academia Nacional de Ciencias 64: 209-233.

Ameghino, E 1883. Sobre una coleccién de mamiferos fésiles del piso me-
sopotdmico de la formacién patagdnica, recogidos en las barrancas del
Parand por el profesor Pedro Scalabrini. Boletin de la Academia Nacional
de las Ciencias de Cérdoba 5: 101-116.

Berqvist, L.P, Drehmer, C.J., Ribeiro, A.M., and Oliveira, E.V. 1999. Ma-
miferos aqudticos fésseis do Brasil: uma revisio. Geociéncias 4: 28-32.

Bidegain, J.C. 1991. [Sedimentary development, magnetostratigraphy and se-
quence of events of the Late Cenozoic in Entre Rios and surrounding areas
in Argentina. Ph.D. dissertation, Stockholm University, Stockholm, 128
p- Unpublished].

Boltovskoy, E. 1991. Thering’s hypothesis in the light of foraminiferological
data. Lethaia 24: 191-198.

Camacho, H. 1967. Las transgresiones del Cretdcico Superior y del Ter-
ciario de la Argentina. Revista de la Asociacion Geoldgica Argentina 12:
253-280.

591



AMEGHINIANA - 2012 - Tomo 49 (4): 585 - 593

Carus, J.V. 1868. Handbuch der Zoologie. Ister Band. Wirbelthiere, Mol-
lusken und Molluscoiden. Wilhem Engelmann, Leipzig, 894 p.

Christol, J.de. 1840. Recherches sur divers ossements fossiles attribués par
Cuvier & deux phoques, au lamantin, et & deux espéces d’hippopotames,
et rapports au Metaxytherium, nouveau genre de cétacé de la famille des
dugongs. Llnstitur 8: 322-323.

Cione, A.L., Azpelicueta, M.M., Bond, M., Carlini, A., Casciotta, J., Coz-
zuol, M.A., de la Fuente, M., Gasparini, Z., Goin, E, Noriega, J., Scil-
lato-Yané, G., Soibelzon, L., Tonni, E., Verzi, D., and Vucetich, M.G.
2000. Miocene vertebrates from Entre Rios province, Argentina. INSU-
GEO, Serie Correlacion Geoldgica 14: 191-238.

Cope, E.D. 1883. On a new extinct genus of Sirenia from South Carolina.

Proceedings of the Academy of Natural Sciences of Philadelphia 35: 52-54.

Cozzuol, M.A. 1996. The record of the aquatic mammals in southern South
America. Miinchner Geowissenschaftliche Abhandlungen A30: 321-342.

del Rio, C.J. 2000. Malacofauna de las Formaciones Parand y Puerto Ma-
dryn (Mioceno marino, Argentina): su origen, composicién y signifi-
cado bioestratigrafico. INSUGEO, Serie de Correlacion Geoldgica 14:
77-101.

Desmarest, A.G. 1822. Mammalogie ou description des espéces de mam-
miferes, Seconde partie, contenant les ordres des rongeurs, des édentés,
des pachyderms, des ruminans et des cétacés. Chez Mme. Veuve Agasse,
Imprimeur-Libraire, Paris, p. 277-556.

Domning, D.P. 1978. Sirenian evolution in the North Pacific Ocean. Uni-
versity of California Publications in Geological Sciences 118: 1-176.

Domning, D.P. 1982. Evolution of manatees: a speculative history. Journal

of Paleontology 56: 599-619.

Domning, D.P. 1988. Fossil Sirenia of the West Atlantic and Caribbean
region. 1. Mezaxytherium floridanum Hay, 1922. Journal of Vertebrate
Paleontology 8: 395-426.

Domning, D.P. 1989a. Fossil Sirenia of the West Atlantic and Caribbean
region. I11. Xenosiren yucateca, gen. et sp. nov. Journal of Vertebrate Pale-
ontology 9: 429-437.

Domning, D.P. 1989b. Fossil Sirenia of the West Atlantic and Caribbean
region. II. Dioplotherium manigaulti Cope, 1883. Journal of Vertebrate
Paleontology 9: 415-428.

Domning, D.P. 1994. A phylogenetic analysis of the Sirenia. Proceedings of
the San Diego Society of Natural History 29: 177-189.

Domning, D.P. 1997. Fossil Sirenia of the West Atlantic and Caribbean
region. V1. Crenatosiren olseni (Reinhart, 1976). Journal of Vertebrate
Paleontology 17: 397-412.

Domning, D.P. 2001. Sirenians, seagrasses, and Cenozoic ecological change
in the Caribbean. Palaeogeography, Palaeoclimatology, Palaeoecology 166:
27-50.

Domning, D.P. and Thomas, H. 1987. Metaxytherium serresii (Mammalia:
Sirenia) from the Lower Pliocene of Libya and France: a reevaluation
of its morphology, phyletic position, and biostratigraphic and paleo-
ecological significance. In: N. Boaz, A. El-Arnaud, A.W. Gaziry, J. de
Heinzelin and D.D. Boaz (Eds.), Neogene Paleontology and Geology of
Sahabi. Alan R. Liss, New York, p. 205-232.

Frenguelli, J. 1920. Contribucién al conocimiento de la geologia de En-
tre Rios. Boletin de la Academia Nacional de Ciencias de Cérdoba 24:
55-256.

Gervais, EL. 1847. Observations sur les mammiferes fossiles du midi de
la France. Deuxi¢me partie. Annales des Sciences Naturelles (Zoologie) 8:

203-224

Gray, J.E. 1821. On the natural arrangement of vertebrose animals. London

Medical Repository 15: 296-310.

Green, E.P. and Short, ET. 2003. World Atlas of Seagrasses. University of
California Press, Berkeley and Los Angeles, 310 p.

592

Hay, O. 1922. Description of a new fossil sea cow from Florida, Mezraxy-
therium floridanum. Proceedings of The United States National Museum
61: 1-4.

Herndndez, R.M., Jordan, T., Dalenz Farjat, A., Echavarrfa, L., Idleman,
B.D., and Reynold, J.H. 2005. Age, distribution, tectonics, and eustatic
controls of the Paranense and Caribbean marine transgressions in south-
ern Bolivia and Argentina. Journal of South American Earth Sciences 19:
495-512.

Thering, H. von. 1927. Die Geschichte des Atlantischen Ozeans. Fischcr, Jena,
237 p.

Iliger, J. K.W. 1811. Prodomus systematis mammalium et avium: additis ter-
minis zoographicis utriusque classis, eorumgque versione Germanica. Sump-

tibus C. Salfeld, Berlin, 302 p.

Kilmer, EH. 1965. A Miocene dugongid from Baja California, Mexico.
Bulletin of the Southern California Academy of Sciences 65: 57-74.

Latrubesse, E.M., Cozzuol, M., da Silva-Caminha, S.A.E, Rigsby, C.A.,
Absy, M.L., and Jaramillo, C. 2010. The late Miocene paleogeography
of the Amazon Basin and the evolution of the Amazon River system.
Earth-Science Review 99: 99-124.

Linnaeus, C. 1758. Systema naturae per regna tria naturae, secundum clas-
ses, ordines, genera, species, cum characteribus, differentiis, synonymis, locis.
Tomus I, Editio decima, reformata. Laurentii Salvii, Stockholm, 823 p.

Marengo, H.G. 2000. Rasgos micropaleontoldgicos de los depésitos de la
transgresién Entrerriense-Paranense en la cuenca Chaco-Paranense y

Noroeste Argentino. INSUGEO, Serie Correlacién Geoldgica 14: 29-45.

Nuttall, C.P. 1990. A review of the Tertiary non-marine molluscan faunas of
the Pebasian and other inland basins of north-western South America.

Bulletin British Museum (Geology Series) 45: 165-371.

Pascual, R. 1953. Sobre nuevos restos de sirénidos del mesopotamiense.
Revista de la Asociacion Geoldgica Argentina 8: 163—181.

Pascual, R., Ortiz Jaureguizar, E., and Prado, J.L. 1996. Land Mammals:
Paradigm for Cenozoic South American Geobiotic Evolution. Miinch-

ner Geowissenschafliche Abhandlungen A30: 245-264.

Pérez, L.M. and Griffin, M. 2010. Los invertebrados de la Formacién
Parand: historia, biodiversidad y paleobiogeografia de la fauna benténica
del Nedgeno de Entre Rios, Argentina. X Congreso Argentino de Paleon-
tologia y Bioestratigrafia y VII Congreso Latinoamericano de Paleontologia
(La Plata), Reszimenes: 105.

Pérez, L.M., Genta Iturrerfa, S.E, and Griffin, M. 2010. Paleoecological
and paleobiogeographic significance of two new species of bivalves in
the Parand Formation (late Miocene) of Entre Rios province, Argentina.
Malacologia 53: 61-76

Risinen, M.E., Linna, A.M., Santos, J.C.R., and Negri, ER. 1995. Late
Miocene tidal deposits in the Amazonian foreland basin. Science 269:
386-390.

Rebata, L.A, Risinen, M.E., Gingras, M.K., Viera, V., Barberi, M., and
Irion, G. 2006. Sedimentology and ichnology of tide-influenced Late
Miocene successions in western Amazonia: The gradational transition
between the Pebas and Nauta formations. Journal of South American
Earth Sciences 21: 96-119.

Reinhart, R.H. 1976. Fossil sirenians and desmostylids from Florida and
elsewhere. Bulletin of the Florida State Museum, Biological Sciences 20:
187-300

Rossetti, D.E 2001. Late Cenozoic sedimentary evolution in northeastern
Pard, Brazil, within the context of sea level changes. Journal of South
American Earth Sciences 14: 77-89.

Sereno, PC. 1982. An early Eocene sirenian from Patagonia (Mammalia,
Sirenia). American Museum Novitates 2729: 1-10.

Simpson, G.G. 1932a. The supposed association of dinosaurs with mam-
mals of Tertiary type in Patagonia. American Museum Novitates 566:
1-21.



Simpson, G.G. 1932b. Fossil Sirenia of Florida and the evolution of the Si-
renia. Bulletin of the American Museum of Natural History 59: 419-503.

Toledo, PM. and Domning, D.P. 1991. Fossil Sirenia (Mammalia: Du-
gongidae) from the Pirabas Formation (Early Miocene), Northern Bra-
zil. Boletim do Museu Paraense Emilio Goeldi, Ser. Ciéncias da Terra 1:
119-146.

Uliana, M.A. and Biddle, K.T. 1988. Mesozoic—Cenozoic paleogeography
and geodynamic evolution of southern South America. Revista Brasileira
de Geociencias 18: 172—190.

Vélez-Juarbe, J., Domning, D.P, and Pyenson, N.D. 2012. Iterative evolu-
tion of sympatric seacow (Dugongidae, Sirenia) assemblages during the

past ~26 million years. PLoS ONE 7(2): €31294.

VELEZ-JUARBE &7 4r.: PARANA FORMATION DUGONGIDS

Webb, S.D. 1995. Biological implications of the Middle Miocene Amazon
seaway. Science 269: 361-362.

Zabert, L.L. 1978. Micropaleontologia de la Formacién Parand (Mioceno
superior) en el subsuelo de la provincia de Santa Fé, Republica Argen-
tina. Facena 2: 101-165.

doi: 10.5710/AMGH.27.6.2012.568

Recibido: 4 de enero de 2012
Aceptado: 27de junio de 2012

593



