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The Amazonian region covers a significant part of the South American continent and harbors outstanding biodiversity. 
However, much of its history is still unknown. This situation has begun to change with paleontological field efforts over 
the last decades, which have been proving that fossils can be common in this region. Despite their great current species 
richness and abundance in the area today, marsupials have a sparse fossil record, restricted to a few specimens from hand-
ful Cenozoic Amazonian localities. Here we present new records of fossil marsupial teeth from the Solimões Formation 
(lower Eocene–Pliocene), on the Juruá and Envira riverbanks (Acre, Northwestern Brazil). The localities investigated 
yield at least four distinct didelphid didelphimorphians at PRE 06 (Ponto Rio Envira: Marmosini ?Marmosa sp., Didelphis 
cf. D. solimoensis, Thylamys? colombianus, plus unidentified didelphids), and two paucituberculatans from the Juruá 
River localities (Ponto Rio Juruá: the palaeothentid Palaeothentinae indet. at PRJ 25 and PRJ 33’, and Abderitidae indet. 
from PRJ 33). In agreement with the associated mammalian faunas, most of the didelphids, except for Thylamys? colom
bianus from PRE 06, indicate a (?early) Late Miocene age for this locality. Conversely, the abderitid specimens found 
in situ at PRJ 33 would match a Middle Miocene age. The palaeothentids found at PRJ 25 and PRJ 33’ localities cannot 
be considered for biostratigraphic inferences, since they were found outside a stratigraphic context. Nevertheless, these 
paucituberculatans considerably add to our knowledge, as they are the first ever recorded in Brazilian Amazonia.
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Introduction
The Amazon plains and lowlands cover approximately 40% 
of South America, being the largest forested subregion of 
the Neotropics. It harbors an outstanding biodiversity, with 
a high degree of endemism, encompassing one of the rich-
est mammal faunas on the planet, especially in its west-
ern part (Patterson and Costa 2012; Meseguer et al. 2022). 
Nevertheless, the configuration of Amazonia substantially 
changed throughout the Cenozoic. For example, during the 
Miocene, but before the Late Miocene, a much larger re-
gion, the pan-Amazonia, comprised the drainage basins of 
the Amazon, Orinoco, and Magdalena rivers, which were 
all connected, sometimes extending even to the northern 
part of the Paraná River basin (Hoorn et al. 2010b). The 
Middle Miocene, particularly, was marked by the existence 
of the Pebas Mega-Wetland System (PMWS), formed by 
wetlands, shallow lakes, floodplains, and swamps, which 
covered a broad area of Western Amazonia from 18–10 Ma 
(Hoorn et al. 2010b; Boonstra et al. 2015). Around 9 Ma 
ago, the PMWS gave way to a fluvial/fluviotidal system 
in Western Amazonia. At about the same time, Andean 
sediments reached the Atlantic coast for the first time via 
the drainage system, originating the Amazon River fluvial 
system as it exists today. These events were influenced by 
important tectonic activity related to the intensification of 
the uplifting process in the Northern Andes (Hoorn et al. 
2010a, b, 2017).

Tropical regions have long been considered devoid of 
fossils. However, in Amazonia, for example, fossil remains 
have proven to be relatively common, being found mainly 
on riverbanks during the dry seasons (Stutz et al. 2022 

and references therein). Indeed, increased field efforts and 
intensive wet-screening of potentially fossil-bearing sed-
iments, mainly in Western Amazonia, have demonstrated 
that this region harbored a great mammal diversity over 
middle Eocene–Holocene times, with approximately 23 or-
ders, 89 families, and 320 species, including Allotheria, 
Metatheria, and Eutheria (Antoine et al. 2017). Nonetheless, 
there may be some biases in our current knowledge about 
the fossil record from the low and middle latitudes of South 
America, due to taphonomic factors and surface collecting 
approaches, with, for instance, a greater representation of 
large mammals in historical findings (Antoine et al. 2017). 
Metatheria, despite currently possessing great richness and 
abundance in the area, with didelphid didelphimorphians 
(Gardner 2007), are known as fossils only by a few samples 
from a handful of localities, such as Santa Rosa, Río Acre, 
Madre de Dios, the Fitzcarrald Arch localities, Contamana, 
and Tarapoto/Juan Guerra vicinity in Peru (Czaplewski 
1996; Goin and Candela 2004; Goin and de los Reyes 2011; 
Antoine et al. 2013, 2016, 2021; Tejada-Lara et al. 2015; 
Marivaux et al. 2020; Stutz et al. 2022); Cerdas (Croft et al. 
2016) and Quebrada Honda (Engelman et al. 2017, 2020) in 
Bolivia; Urumaco, in Venezuela (Linares 2004); Castilletes 
Formation (Suárez et al. 2016) and the La Venta local fauna 
in Colombia (Goin 1997; Suárez Gómez 2019); and Acre, in 
Brazil (Czaplewski 1996; Cozzuol et al. 2006). Thus, this 
study aims to partly address this knowledge gap by describ-
ing new records of fossil marsupials from the upper Juruá 
and Envira riverbanks in the Western Amazonian Acre 
Basin (State of Acre, Brazil). Once described, compared, 
and taxonomically assigned, these remains provide valuable 
information on South American marsupials’ biostratigraphy 
and historical biogeography.
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Institutional abbreviations.—UFAC, Universidade Federal 
do Acre, Acre, Brazil; UFSC, Universidade Federal de Santa 
Catarina, Florianópolis, Brazil.

Other abbreviations.—D/d, upper/lower deciduous; L, length; 
M/m, upper/lower molar; P/p, upper/lower premolar; PMWS, 
Pebas Mega-Wetland System; PRE, Ponto Rio Envira; PRJ, 
Ponto Rio Juruá; SALMA, South American Land Mammal 
Age; StA–D, stylar cusps A–D (from anterior to posterior); 
tal, talonid; tri, trigonid; W, width.

Geological setting
Several field campaigns along the upper Juruá and Envira 
rivers occurred between 2008 and 2022. The Juruá and 
Envira river areas are located in the Acre Basin within the 
State of Acre, Brazil (Fig. 1). They comprise outcrops of 
the Solimões Formation, part of the eastern extension of 
the Amazonian Foreland Basin. The Solimões Formation 
corresponds to the last depositional cycle of the Acre 
Basin, with thin fluvial-lacustrine sediments spanning a 
lower Eocene–Pliocene time interval (Cunha 2007), with 
its upper levels (Neogene) cropping out mostly on river-
banks and road cuts (Lacerda et al. 2021). U-Pb dating 
on detrital zircons collected at two fossil-yielding sites 
of the Solimões Formation indicate a Tortonian, Late 
Miocene age (Bissaro Júnior et al. 2019): one on the banks 
of the Purus River (8.9±0.13 Ma) and the other on the 
Acre River (8.5±0.5 Ma). Those ages agree with previous 
estimations using biochronological data from fossil fau-
nas recovered in Southeastern Acre, which mostly placed 
it in the Huayquerian South American Land Mammal 
Age (SALMA; e.g., Negri et al. 2010; Ribeiro et al. 2013; 
Kerber et al. 2017; Hsiou et al. 2022). Palynostratigraphic 
analyses on samples collected near the city of Cruzeiro do 
Sul (Northwestern Acre) indicate a Miocene age for the 
Solimões Formation and point to a correlation with Pebas 
and Ipururo formations exposed in Peru (Silva-Caminha et 
al. 2020). The same authors also suggested a late Middle 
Miocene marine incursion in the region, thereby extend-
ing by 400 km to the south the extend of this previously 
reported incursion event in Western Amazonia (Silva-
Caminha et al. 2020).

Numerous taxa of fossil vertebrates have already been 
reported for the Solimões Formation, such as diverse extinct 
forms of crocodylomorphs, chelonians, squamates, birds, 
and fishes (Ribeiro et al. 2013; Hsiou et al. 2022). Regarding 
mammals, among the most frequent taxa are rodents (e.g., 
Kerber et al. 2016, 2017, 2018, 2019a, b, 2022; Fontoura et 
al. 2022), xenarthrans (e.g., Negri 2004) and notoungulates 
(e.g., Bergqvist et al. 2002). Remains of other mammalian 
taxa such as litopterns, astrapotheres, sirenians, cetaceans, 
prima tes, and chiropterans have also been reported (see 
Negri et al. 2010; Ribeiro et al. 2013; Hsiou et al. 2022 
for a compre hensive review). As for marsupials, very few 

studies have been published, limited to unidentified didel-
phids reported for the Acre River by Czaplewski (1996) and 
the oldest species of the extant genus Didelphis Linnaeus, 
1758, Didelphis solimoensis Cozzuol, Goin, de los Reyes, 
and Ranzi, 2006, also from a locality on the Acre River 
(Cozzuol et al. 2006).

The fieldwork along the Juruá River was carried out in 
a segment bracketed between the city of Marechal Thauma-
turgo and the community of Foz do Breu, at the border with 
Peru (upper Juruá River). Approximately 30 localities were 
surveyed and designated as PRJ (Ponto Rio Juruá). Two 
locali ties on the upper Juruá riverbanks provided marsupial 
fossils, namely PRJ 25 (Figs. 1–3; 9°11’06.8”S 72°42’37.2”W) 
and PRJ 33 (Figs. 1, 4; 9°24’24.6”S 72°43”27.6”W).

The locality of PRJ 25 is located near the Belford prop-
erty, at the left margin of the Juruá River. The outcrop is 
composed of two parts: a horizontal surface identified as 
“H”, and a vertical outcrop identified as “V” (Fig. 2A, B). 
The horizontal surface corresponds to the lithologies be-
tween 0 and 0.45 m in the stratigraphic profile (Fig. 2A). It 
consists of the intercalation of fractured red siltstone and 
fine-grained yellowish sandstone dipping 15–18º S. The 
siltstone and sandstone were cemented by carbonate. The 
vertical outcrop corresponds to the interval lithologies be-
tween 0.5 and 1.6 m in the profile and consisted of the same 
sedimentary sequence as the horizontal surface. In this 
part occurs four levels of continuous carbonate concretions 
within the siltstone. The strata were less inclined than the 
horizontal part of the outcrop (10–15º). The horizontal part 
of the outcrop is covered by fossil-rich Miocene–Holocene 
fluvial sand and gravel deposits as shown in Fig. 2. These 
allochthonous deposits are related to the erosion of upstream 
strata transported by the river stream and deposited recently 
in this outcrop (Fig. 2C). The corresponding fossil frag-

Fig. 1. Location map of the studied localities PRJ 25 and PRJ 33, on the 
banks of the upper Juruá River, and PRE 06, on the banks of the Envira 
River, State of Acre, Brazil, as well as the location of Santa Rosa, in Peru, 
where fossil marsupials have also been found (Goin and Candela 2004). 
Geographic Coordinate System WGS 84.
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ments include silicified wood and vertebrate remains. The 
latter specimens provide markers of different epochs (e.g., 
Astrapotheria and Purussaurus remains). All the fossil spec-
imens from PRJ 25 originate from these out-of-sequence 
sands and gravels, including the only dental fragment of 
marsupial retrieved (UFAC-CS 418). From this ensemble, 
Kerber et al. (2017) also reported fossil caviomorphs, likely 
of Miocene affinities (unidentified potamarchine and ere-
thizontid).

The locality PRJ 33 is situated on the left bank of the 
Juruá River and has about 2–3 m height (Fig. 4A). In this 
outcrop, occurs a layer of massive reddish siltstone with 
horizontal fractures and local faults filled by carbonate con-
cretions. These fractures tend to be laterally discontinu-
ous along the outcrop. The siltstone is in erosional contact 
with the 10–15 cm-thick level of fossiliferous conglomer-
ate composed by clasts of carbonate concretions and rare 

quartz supported by a reddish sandy-siltstone matrix. The 
conglomerate level is in direct contact with a layer of mas-
sive fine grayish sandstone at the top of the section. At 
PRJ 33, three specimens were collected: (i) in situ within 
the conglomerate layer (UFAC-CS 101 and 109); (ii) in the 
Holocene mixed sediments that comprise reworked bones 
(PRJ 33’, UFAC-CS 65). These last sediments are placed at 
the bottom of the outcrop, close to the river, and have fossil 
specimens outside of their stratigraphic context. Ribeiro et 
al. (2013) and Kerber et al. (2017) have reported dental re-
mains of the Paleogene caviomorph rodent Eoincamys and 
Marivaux et al. (2023) have recently described a Paleogene 
eosimiid primate extracted from the mixed sediments.

In the Envira River area, the outcrops were designated as 
PRE (Ponto Rio Envira). Six marsupial teeth were retrieved 
at the locality PRE 06, also called locality “Coqueiros” 
(Figs. 1, 5; 08°18’12.6”S 70°26’39.9”W). Four laterally equi-

Fig. 2. Stratigraphic section (A) and photos (B, C) of the locality PRJ 25, with the Solimões Formation as a substratum, located on the left margin of the 
Juruá River, State of Acre, Brazil. CTS, Holocene conglomerate, with a mixture of Miocene–Holocene pebbles and fossils (mostly silicified wood and 
vertebrates), which may cover indifferently any Miocene layers. Vertebrate fossils originate from the sand and gravel emerging on C (star). Abbreviations: 
H, horizontal; V, vertical. 
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valent sampling points (A–D) were surveyed (Fig. 5A), but 
only one (C) yielded fossil marsupials after wet-screening 
of the sediments. Briefly, the sedimentary sequence at sam-
pling points A–C (Fig. 5B, C) comprises layers of grayish- 
green and red argillite, which are in erosive contact with 
the conglomeratic level very rich in fossil content. The con-
glomerate is composed of carbonate concretions and numer-
ous fossil fragments (such as remains of fishes, reptiles, and 
mammals, currently under study) supported by a silty-sandy 
matrix. This conglomerate is in direct contact with interca-
lated layers of brown clay and very fine to fine yellowish 
sand (rhythmite). Sampling points A–C in section belong 
to a same stratigraphic horizon, while sampling point D 
consists of an accumulation of fossil fragments found on the 
Envira River floodplain and, hence, out of stratigraphical 
context. Regarding the fossil content from PRE 06, there 
is fossil wood, with a diverse flora reported by Kloster et 
al. (2017) that resembles the one currently present in the re-
gion. Furthermore, recent studies revealed a diverse record 
of caviomorph rodents from PRE 06A–C (Cardiatherium 
sp., Caviidae, Hydrochoerinae; Potamarchus sp. and cf. 
Pseudo potamarchus, Dinomyidae, Potamarchinae; and 
Neoepiblema sp., Neoepiblemidae; Fontoura et al. 2022), 
which suggest a Late Miocene age.

Material and methods
The fossil specimens were collected through wet-screening 
of the sediments from previously recognized fossil-bearing 
layers (sands and conglomerates), using sieves of 0.6, 1, and 
2 mm, and then sorted out using a stereomicroscope. The 
specimens are permanently housed in the collection of the 
Paleontology Laboratory of the Universidade Federal do 
Acre, Floresta campus, Cruzeiro do Sul, Acre (UFAC-CS).

The fossils were photographed with Scanning Electron 
Microscope (SEM) facilities of the Centro de Microscopia 
e Microanálise (CMM, UFRGS, JEOL JSM 6060) and at 
the Laboratório Central de Microscopia e Microanálise 
(LabCEMM, PUCRS, FEI Inspect F50). The measurements 
of maximum anteroposterior length and maximum labio-
lingual width were made using a manual Mitutoyo caliper, 
with a precision of 0.02 mm. The nomenclature of the molar 
structures and the Marsupialia systematics follow Goin et 
al. (2016). Taxonomic identifications were made according 
to Abello (2007), Voss and Jansa (2009), and Abello and 
Rubilar-Rogers (2012). They were directly compared with 
fossil metatherians from the locality TAR-31 (Juan Guerra, 
San Martín, Peru) deposited at the Vertebrate Paleontology 

Fig. 3. Detailed horizontal profile of the locality PRJ 25, on the left margin of the Juruá River, State of Acre, Brazil. Fossils were found in the gravel 
alluvial deposit and lateral sandstone/siltstone. 
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Department of the Museo de Historia Natural of the 
Universidad Nacional Mayor San Marcos (MUSM) in Lima, 
Peru, and with specimens of modern didelphids deposited 
in the Coleção de Fragmentos Ósseos do Laboratório de 
Paleontologia and Coleção de Mamíferos do Departamento 

de Ecologia e Zoologia, Universidade Federal de Santa 
Catarina (UFSC), Florianópolis, Brazil, and at the Mammal 
Collection of the MUSM.

Systematic palaeontology
Class Mammalia Linnaeus, 1758
Infraclass Metatheria Huxley, 1880
Supercohort Marsupialia Gill, 1872
Order Didelphimorphia Gill, 1872
Family Didelphidae Gray, 1821
Subfamily Didelphinae Gray, 1821
Tribe Marmosini Hershkovitz, 1992
Genus Marmosa Gray, 1821
Type species: Didelphis murina Linnaeus, 1758, Recent, South Ame-
rica, by monotypy.

?Marmosa sp.
Fig. 6A.

Material.—UFAC-CS 413, part of the stylar shelf (StC–E) 
of a right ?M2 from the locality PRE 06, sampling point C, 
Envira River, State of Acre, Brazil; Solimões Formation, 
Acre Basin, (?lower) Upper Miocene.
Measurements.—StE–ectoflexus = 1.8 mm; Metacone–la-
bial margin = 2.36 mm; Metacone–StE = 2.68 mm.
Description.—The specimen is worn and broken at the level 
of the StC and the trigon basin. It includes part of the stylar 
shelf with the StC–E, and the metacone. The metacone is 
opposite to StD, relatively far from the latter, and lingually 
oriented. There is a subtle basin between the metacone and 
the StC and StD. The premetacrista is short and slightly 
labiolingually curved. The postmetacrista is longer, extend-
ing until the StE with an oblique orientation. There is a 
crest-like structure at the base of the posterior wall of the 
metacone, however, it is not possible to state to which crest 
it corresponds, it could also be a product of the fragmen-
tary and worn state of the molar. There is a small crest-like 
structure lingually to the StC. The labial margin has a steep 
oblique orientation from the StC to the StE. The StC and 
StD are subequal in size; both poorly developed but still 
visible. The StC and StD are not twinned or close to each 
other. The StE is posteriorly broken, but it is still possible to 
observe a small and narrow cusp.
Remarks.—Morphological comparisons with similarly sized 
didelphids indicate that UFAC-CS 413 is smaller than spe-
cies of Didelphis, the latter having more rounded stylar 
cusps. UFAC-CS 413 is approximately the same size as 
species of Lutreolina but has a smaller StC. In the species of 
Philander, the StC is more developed and morphologically 
different. UFAC-CS 413 shows closer affinities with the 
species of Marmosa in morphology, such as the presence of 

Fig. 4. Stratigraphic section (A) and photo (B) of the Miocene locality PRJ 
33, Solimões Formation, located on the left bank of the Juruá River, State 
of Acre, Brazil. 
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StE, StD and StC (Rossi et al. 2010). UFAC-CS 413 is larger 
than the teeth of the recent species Marmosa demerarae 
(Thomas, 1905). Fossil representatives of the genus include 
Marmosa laventica, the oldest record of Marmosa, which 
was described for the Middle Miocene deposits of La Venta, 
Colombia (Marshall 1976a). Marmosa laventica is larger 
than the living species of Marmosa, among other diagnostic 
characteristics. However, it was described based only on 
lower dentition. Later, Goin (1997), when revisiting the di-
agnosis of M. laventica, assigned it to Micoureus laventicus 
and added upper molars in its hypodigm. However, recent 
molecular analyses considered Micoureus as a synonym of 
Marmosa, being now recognized as a subgenus of the latter 
(Voss and Jansa 2009). UFAC-CS 413 is larger than the 
specimens reported by Goin (1997), and, because of its in-

complete state, the diagnostic characteristics of M. laventica 
could not be observed on it. Marshall (1976a) also reported 
specimens of Marmosa sp. from La Venta, which are smaller 
than M. laventica, and thus not compatible in size with 
UFAC-CS 413. The size of UFAC-CS 413 also distinguishes 
it from Marmosa sp. 1 of Suárez Gómez (2019), which is 
reported as being ~40% smaller than M. laventica. Antoine 
et al. (2013) reported a partial M2 of Marmosa (Micoureus) 
cf. laventica for the lower Middle Miocene locality MD-67 
in Peru, which differs from UFAC-CS 413 in being smaller 
and not possessing StE. Yet, both specimens show a large 
stylar shelf and StC and StD. Compared to Hesperocynus, 
Sparassocynus, and Thylatheridium, UFAC-CS 413 does 
not possess a very long postmetacrista and the metacone 
does not seem to be a tall cusp, but the latter could be due 

Fig. 5. Photo (A) and stratigraphic section (B and C) of the Upper Miocene locality PRE 06, Solimões Formation, located on the right bank of the Envira 
River, State of Acre, Brazil. 
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to the great wear (Goin et al. 2000; Forasiepi et al. 2009; 
Abello et al. 2015).

Therefore, UFAC-CS 413 was assigned to Marmosini, 
?Marmosa sp. due to the morphological resemblance of it 
with Marmosa. Nevertheless, the incomplete state of the 
specimen hampers a more precise taxonomical identifica-
tion.

Tribe Didelphini Gray, 1821
Genus Didelphis Linnaeus, 1758
Type species: Didelphis marsupialis Linnaeus, 1758, Recent, Central 
and South America and Mexico, by subsequent designation (Thomas 
1888).

Didelphis cf. Didelphis solimoensis Cozzuol, Goin, 
de los Reyes, and Ranzi, 2006
Fig. 6C.

Material.—UFAC-CS 415, left DP3 from the locality PRE 
06, sampling point C, Envira River, State of Acre, Brazil; 
Solimões Formation, Acre Basin, (?lower) Upper Miocene.
Measurements.—L = 3.08 mm; W = 3.22 mm.
Description.—This DP3 is anteroposteriorly elongate in its 
labial portion and relatively narrow. The protocone is slightly 
anterior to the paracone, forming a small, triangular- shaped 
trigon basin, which is deep and anteroposteriorly com-
pressed. The metacone is conic and posteriorly oriented. It 
is high and well developed. At its dorsolingual base, there 
is a small metaconule. The centrocrista is well developed 
and U-shaped. The preparacrista is almost vertical and does 
not reach the anterior cingulum/StA. There is a very long 
postmetacrista, which is obliquely oriented towards the 
StE. The pre- and postprotocrista are well developed, short, 
and oblique. There is a well-developed anterior cingulum 
passing along the base of the paracone and joining a small 
paraconule. At its labial extremity, there is a small StA. 
A well- marked labial cingulum is present, extending from 
StA up to StC. The StB is high and fused with the paracone. 
Next to StB there is a small and rounded StC, which is closer 
to StD. The StD is wide and slightly shorter than StB, it is lo-
cated labial to the metacone and followed by a marked crest, 
which is oriented parallel to the anteroposterior dental axis. 
At its end, a small StE forms a rounded posteriormost tip.
Remarks.—Based on its morphological characteristics and 
dimensions, UFAC-CS 415 belongs to a didelphid smaller 
than species of Didelphis, Lutreolina, Philander, and Chiro
nectes but larger than Marmosa murina (Linnaeus, 1758). 
Compared with UFAC-CS 413, UFAC-CS 415 is morpholo-
gically different from it, and it resembles the DP3 morpho-
logy of Didelphis, such as the development and position of 
the cusps, trigon basin, and stylar cusps, and well-developed 
anterior cingulum and by being anteroposteriorly elongate. 
However, UFAC-CS 415 has smaller dimensions than what 
it is observed in the living species of Didelphis. Didelphis 
solimoensis, from the Upper Miocene of Acre, is considered 

the smallest known species of the genus (Cozzuol et al. 
2006). UFAC-CS 415 might be slightly smaller than D. soli
moensis. However, it should be noted that D. solimoensis 
is only known from an isolated dentary with p3–m2. Still, 
given that the occlusal morphology of UFAC-CS 415 re-
sembles the one of Didelphis DP3s and that D. solimoensis 
is the smallest Didelphis species described in the literature, 
UFAC-CS 415 was assigned to Didelphis cf. D. solimoensis, 
pending the discovery of additional specimens of the for-
mer, especially preserving the upper dentition.

Tribe Thylamyini Hershkovitz, 1992
Genus Thylamys Gray, 1843
Type species: Didelphis elegans Waterhouse, 1839, Recent, Chile, by 
monotypy.

Thylamys? colombianus Goin, 1997
Fig. 6B.

Material.—UFAC-CS 202, left ?m4 from the locality PRE 
06, sampling point C, Envira River, State of Acre, Brazil; 
Solimões Formation, Acre Basin, (?lower) Upper Miocene.
Measurements.—L = 1.91 mm, W = 0.9 mm.
Description.—UFAC-CS 202 is a small lower molar with 
high, well-developed trigonid cuspids and a talonid much 
lower than the trigonid, with scarcely developed cuspids. 
The paraconid is conspicuous, lower than the metaconid, and 
slightly labial and distant from it, with a sharp anterior and 
occlusal tip. The protoconid is large and prominent, being the 
highest and largest cuspid of the whole molar. The metaconid 
is opposite to and much lower than the protoconid. The tal-
onid is narrower than the trigonid but is well developed com-
pared to the small didelphids’ condition. The entoconid is 
laterally compressed and inconspicuous, possibly due to the 
molar wear, and it seems to be situated more anteriorly than 
the hypoconid. The hypoconid is short and inconspicuous, 
being positioned lingual to the protoconid. The hypoconulid 
is well developed, triangular-shaped, and lingually located, 
connected to the posthypocristid via a subtle postcristid. The 
mesiolingual vertical crest of the paraconid forms a keel on 
the anteriormost part of the molar. The postparacristid is 
well developed and obliquely oriented, meeting a conspicu-
ous preprotocristid. The postprotocristid is almost transver-
sally oriented, meeting a shorter premetacristid and forming 
a shallow sulcus. The pre- and post-entocristids are poorly 
developed, the preentocristid having a labial orientation. The 
postentocristid connects the entoconid to the hypoconulid. 
The cristid obliqua is small and almost parallel to the an-
teroposterior dental axis. A narrow anterobasal cingulid is 
visible from the base of the paraconid to the base of the pro-
toconid. There is a faint posterior cingulid on the posterior-
most wall of the molar. Two roots are preserved, an anterior 
rounded one and a posterior one, which is larger and ovoid.
Remarks.—We interpret UFAC-CS 202 as being a ?m4 due 
to the presence of a slender and long talonid, a more lingual 
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position of the hypoconid than what is commonly observed 
on m3, and the absence of a wear-facet on the distal side 
of the tooth. The posterior cingulid present on this speci-
men is a plesiomorphic characteristic since the absence of 
this structure is considered to be the single unambiguous 
synapomorphy of Didelphidae. However, some taxa have 
already been reported to possess this feature (Beck et al. 
2022). Compared to basal metatherians that possess a pos-
terior cingulid, UFAC-CS 202 differs from Marmosopsis 
juradoi Paula Couto, 1962, by having longer talonid and 
hypoconulid; it differs from Monodelphopsis travassosi 
Paula Couto, 1952, by showing high trigonid, which is 
wider than the talonid and entoconid subequal to hypoco-
nid in size and height (Marshall 1987). UFAC-CS 202 is 
smaller than m4 of the species of Chironectes, Didel phis, 
Caluromys, Lutreolina, and Philander, but larger than those 
of Chacodelphys and the extinct didelphid Sairadelphys 
Oliveira, Nova, Goin, and Avilla, 2011. UFAC-CS 202 dif-
fers from the species of Monodelphis in having a longer and 
narrower talonid. UFAC-CS 202 is smaller than m4 of most 
species of Marmosa. Morphological differences with the 
species of Marmosa are an anterolabial cingulid and ento-
conid less developed and the absence of a labial cingulid. 
The m4 of the species of Gracilinanus have a larger ento-
conid and no posterior cingulid, and those of Cryptonanus 
have m4 with a marked labial cingulid. In the species of 
Marmosops, the hypoconulid is more posterior, the hypoco-

nid has a more labial position, the metaconid and protoconid 
are closer and the entoconid is basally larger concerning the 
condition observed on UFAC-CS 202. UFAC-CS 202 has 
the same size as m4s of the species of Thylamys; the position 
of the trigonid cuspids and the entoconid and hypoconulid 
is also similar. Regarding other fossil species of Thylamys, 
UFAC-CS 202 is larger than m4 of Thylamys minutus Goin, 
1997, from the Middle Miocene of La Venta, Colombia 
(Goin 1997). Nevertheless, it has approximately the same 
size as Thylamys colombianus, also from La Venta, which 
has m3 with W = 1.55 mm and m1? with L = 1.9 mm and 
W = 0.9 mm (only a partially preserved m4 for this taxon 
was found; Suárez Gómez 2019). Besides, UFAC-CS 202 
also resembles lower molars of T. colombianus in having: 
(i) a paraconid more mesio- labially displaced, being more 
distant from other cuspids, (ii) a labio-lingually compressed 
entoconid, (iii) a long talonid, and (iv) a similar relative 
entoconid/hypoconulid position. Nevertheless, no well-pre-
served m4 has been described until now for Thylamys co
lombianus, hampering a more precise comparison. The m1 
of Thylamys cf. T. colombianus from TAR-31 (late Middle 
Miocene, Peru; Stutz et al. 2022) has a paraconid and a 
hypoconid more anteriorly and more labially placed, re-
spectively, but with a position of the entoconid/hypoconulid 
similar to that in UFAC-CS 202. Based on living species, 
recent gene-based phylogenies suggested that Thylamys di-
verged from other didelphids later than the presumed age 

Fig. 6. Didelphids from the locality PRE 06, Envira River, Acre State, Brazil; (?lower) Upper Miocene. A. Marmosini, ?Marmosa sp., UFAC-CS 413, 
partial right ?M2; in occlusal (A1); approximately labial (A2). and approximately lingual (A3) views. B. Thylamys? colombianus Goin, 1997, UFAC-CS 
202, left ?m4; in occlusal (B1), approximately lingual (B2), and approximately labial (B3) views. C. Didelphis cf. D. solimoensis Cozzuol, Goin, de los 
Reyes, and Ranzi, 2006, UFAC-CS 415, left DP3; in labial (C1), occlusal (C2), and approximately lingual (C3) views. 
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of the PRE 06 deposits (not until the Pliocene, and, for 
the last common ancestor of Thylamys and Gracilinanus + 
Cryptonanus, not until ~10 Ma) (Jansa et al. 2014; Beck and 
Taglioretti 2020). Thus, we chose to consider Thylamys? as 
a generic assignment, pending a better assessment of the 
concerned Miocene specimens, whether they belonged to 
this genus or a stem representative of Thylamyini.

Didelphidae indet.
Fig. 7.

Material.—UFAC-CS 412, right p1; UFAC-CS 414, right 
?p2; UFAC-CS 416, right ?P3; UFAC-CS 427, left dp3 from 
the locality PRE 06, sampling point C, Envira River, State 
of Acre, Brazil; Solimões Formation, Acre Basin, (?lower) 
Upper Miocene.
Measurements.—UFSC-CS 412 L = 2.27 mm, W = 1.18 mm; 
UFAC-CS 414 L = 3.36 mm, W = 1.54 mm; UFAC-CS 416 
L = 3.24 mm, L = 1.95 mm; UFAC-CS 427 L = 2.3 mm, 
W tal = 1.42 mm, W tri = 1.32 mm.
Description.—UFAC-CS 412 (Fig. 7B): small and slender 
p1 displaying two roots. The crown consists of one single 
central cuspid, rounded and short (i.e., stocky). It is followed 
by a subtle cristid running postero-labially. A small cingulid 
is present posterior to the cuspid, with a minute labially sit-
uated accessory cuspid.

UFAC-CS 414 (Fig. 7C): this specimen is larger than 
UFAC-CS 412. It is robust, with one single cuspid, which 
is broken and abraded. Posteriorly to this cuspid, there is 
a tenuous cristid labially oriented. A posterior cingulid is 
present, with a marked accessory cuspid.

UFAC-CS 416 (Fig. 7A): this specimen is a large upper 
premolar with two roots. A subtle anterior cingulum is pres-
ent. There is only one cusp, which is high, robust, and pos-
teriorly oriented. The anterior margin of the cusp is rounded 
and at the posterior one is a marked, sharp, and centrally 
oriented crest. There is a posterior cingulum, which is par-
ticularly developed in its labial margin. A small accessory 
cusp is present, occupying a posterior labial position.

UFAC-CS 427 (Fig. 7D): this specimen does not possess 
any signs of roots in its ventral side, which is open, exposing 
a broad portion of the tooth’s interior. It presents an oval 
crown outline and robust molariform pattern, being antero-
posteriorly compressed and with a rounded labial margin. 
The trigonid is much higher than the talonid, especially the 
proto- and metaconids. Proto-, meta-, hypo-, and entoconid 
are large and blunt. A small, but individualized paraconid 
is present, which is labially displaced. The protoconid is 
a large and high cuspid, connected to the paraconid by a 
short preprotocristid. The protoconid and metaconid are 
closely positioned, without an evident postprotocristid. The 
protoconid is higher than the metaconid, but the latter is 
also a large cuspid. The talonid is short. The hypoconid 
appears slightly broken on its dorsal tip and labially dis-
placed, evincing a wide talonid basin. The entoconid is 
robust and anteroposteriorly long, with marked, but short 
pre- and postentocristids. A minute hypoconulid can be ob-
served, which is twinned with the entoconid and situated at 
its posterolabial base. The premetacristid is not visible, but 
the postmetacristid is strongly developed. The cristid obli-
qua is marked and obliquely oriented, but short. The post-
hypocristid is marked, short and slightly oblique in relation 

Fig. 7. Didelphidae indet. from the locality PRE 06, Envira River, Acre State, Brazil; (?lower) Upper Miocene. A. UFAC-CS 416, right ?P3; in labial (A1) 
and lingual (A2) views. B. UFAC-CS 412, right p1; in labial (B1) and lingual (B2) views. C. UFAC-CS 414, right ?p2; in labial (C1) and lingual (C2) views. 
D. UFAC-CS 427, left dp3; in occlusal (D1), labial (D2), and  lingual (D3) views. 
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to the anteroposterior axis of the tooth. A discrete and short 
anterolabial cingulid is present.
Remarks.—We identify UFAC-CS 412 as a lower p1 due 
to its size, and inconspicuous posterior cingulid and ac-
cessory cuspid. UFAC-CS 414 is tentatively identified as a 
p2 because of its size and the development of the posterior 
cingulid and posterior accessory cuspid. UFAC-CS 416 is 
considered to likely be a P3 based on its rounded anterior 
and cutting posterior margins, as observed in didelphids, ex-
cept for species of Caluromys Allen, 1900, Caluromysiops 
Sanborn, 1951, Glironia Thomas, 1912, and Hyladelphys 
Voss, Lunde, and Simmons, 2001 (Voss and Jansa 2009). 
According to Voss and Jansa (2009), didelphids, together 
with other marsupials that display plesiomorphic dental 
traits (such as microbiotheres), have standard lower premo-
lars with only one dominant cuspid, and a distal cingulid 
frequently producing a posterior accessory cuspid. The P3 
of paucituberculatans has a posterior portion higher than 
the anterior one and palaeothentoids generally have unira-
dicular and morphologically indistinct p1 and p2 (Abello 
2007). Members of the clade Argyrolagidae have reduced 
premolars nearly styliform (Simpson 1970). Therefore, we 
preferred to classify the three specimens mentioned above 
as unidentified Didelphidae due to (i) the lack of diagnostic 
characteristics on didelphid premolars; (ii) and Didelphidae 
being the only metatherian family already recognized at the 
outcrop PRE 06.

UFAC-CS 427 is identified as a left dp3 due to the ab-
sence of robust roots and very closely positioned proto-
conid and metaconid. Compared to other Miocene didel-
phids, UFAC-CS 427 does not have a compatible size with 
Thylamys? colombianus and Didelphis cf. D. solimoensis, 
also found at PRE 06 (see above) or with the two Thylamys spp. 
from the La Venta deposits (Suárez Gómez 2019). Besides, it 
is smaller than dp3s of Marmosa laventica Marshall, 1976a, 
also from La Venta, which possess very different occlusal 
morphology, with, for instance, well-developed anterolabial 
cingulid and hypoconulid (Suárez Gómez 2019). UFAC-CS 
427 is also different from Lutreolina materdei Goin and de 
los Reyes, 2011, from the Upper Miocene of Acre River, in 
Peru, which has large anterolabial cingulid and paraconid 
and hypoconid not labially displaced, among other distinc-
tive characteristics. However, UFAC-CS 427 and Lutreolina 
materdei bear a minute hypoconulid (Goin and de los Reyes 
2011). When compared to modern didelphids, UFAC-CS 
427 stands out by its molariform morphology, with a com-
plete trigonid, differing from the species of Lestodelphys 
Tate, 1934, Marmosa Gray, 1821, and Thylamys Gray, 1843, 
which possess a blade-like trigonid on the dp3, and from 
those of Caluromys, Caluromysiops, and Tlacuatzin Voss 
and Jansa, 2003, which have a very small paraconid or no 
paraconid at all. Hyladelphys is another didelphid with 
a peculiar dp3, which is significantly reduced (Voss and 
Jansa 2009). Besides, UFAC-CS 427 shows a very discrete 
anterolabial cingulid, which is a more developed struc-
ture in the species of Chironectes Illiger, 1811, Lutreolina 

Thomas, 1910, Metachirus Burmeister, 1854, Monodelphis 
Burnett, 1830, and Philander Brisson, 1762. UFAC-CS 427 
also possesses labially displaced paraconid and hypoco-
nid, differing from the species of Chironectes, Glironia, 
and Lutreolina. The protoconid and metaconid are very 
close in UFAC-CS 427, distinguishing it from the species of 
Hyperdidelphys Ameghino, 1904, Lutreolina, Metachirus, 
and Philander. Other distinctive features of UFAC-CS 427 
are a short preprotocristid, distinguishing it from the species 
of Metachirus, which have a long and oblique preprotocris-
tid, a short talonid (long in Didelphis), and a large entoconid 
(small in Marmosops Matschie, 1916). The most outstand-
ing distinctive feature of UFAC-CS 427 is its extremely re-
duced hypoconulid compared to the species of Chironectes, 
Didelphis, Glironia, Lutreolina, Mar mo sops, Monodelphis, 
Philander, and Thylophorops Reig, 1952. The species of 
Cryptonanus Voss, Lunde, and Jansa, 2005, Gracilinanus 
Gardner and Creighton, 1989, and Chaco delphys Voss, 
Gardner, and Jansa, 2004, have much smaller teeth than 
UFAC-CS 427. The corresponding didelphid was approx-
imately Marmosa-sized. Thus, the scarcity of the material 
and the set of characteristics found in UFAC-CS 427 do not 
allow its attribution to any of the described didelphid gen-
era, pending the discovery of more specimens.

Order Paucituberculata Ameghino, 1894
Superfamily Palaeothentoidea Sinclair, 1906
Family Palaeothentidae Sinclair, 1906
Subfamily Palaeothentinae Sinclair, 1906
Palaeothentinae indet.
Fig. 8A, B.

Material.—UFAC-CS 65, left M2; UFAC-CS 418 right 
?M2 from the locality PRJ 33’ (UFAC-CS 65); and PRJ 25 
(UFAC-CS 418), Juruá River, State of Acre, Brazil; Solimões 
Formation, Acre Basin, ?Middle Miocene.
Measurements.—UFAC-CS 65 L = 1.91 mm, W = 2.2 mm; 
UFAC-CS 418 L = 1.98 mm, W = 1.91 mm.
Description.—UFAC-CS 65 (Fig. 8A) is an upper molar, 
quadrangular in occlusal outline, with a much broader 
base compared to the crown in lateral perspective. Antero-
lingually to the StB, at its base, there is a smaller cusp, the 
paracone, that is poorly developed. The protocone is wide 
but short and is placed opposite to StB. The metacone is 
a well-developed cusp, slightly smaller than StC+D, and 
placed on the anterior portion of the latter. The trigon basin 
is deep. The metaconule is well developed and wide but not 
much higher than the talon basin, having approximately 
the same height as the protocone. It is located opposite to 
StC+D. At the base of the metacone, there is a sulcus sep-
arating it from the metaconule. The postprotocrista is sub-
equal in length to the preprotocrista (Fig. 8A3); dorsal to 
it there is a shallow entoflexus. The postmetaconular crest 
is moderately wide and labially oriented, the molar having 
a shorter outline, thereby differing from the condition that 
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characterizes M1s of other palaeothentids. A narrow ante-
rior cingulum extends from a point immediately anterior to 
the StB, converging toward the preprotocrista, but oblique 
and dorsally to the latter. The StA is vestigial or absent. 
The StB is conical-shaped and represents the highest cusp. 
The StC+D is well developed but smaller than the StB, from 
which it is separated by a deeply excavated ectoflexus, with 
a small style at its base.

UFAC-CS 418 (Fig. 8B) is also a quadrangular- shaped 
upper molar, appearing worn and abraded due to transport, 
the labial and lingual sides of the molar having a thicker 
enamel layer compared to the structures on the occlusal 
surface. The paracone is small and twinned with the StB, 
being placed at the antero-lingual slope of the latter. The 
protocone is well developed, but short. The metacone is 
twinned with the StC+D, but shorter than the latter and lo-
cated on its anterior portion. The trigon basin is deep, small, 
and narrow. Opposite to StC+D there is a well-developed 
metaconule, preceded by a short premetaconular crest, with 
a small premetaconular cuspule, and followed posteriorly 
by a longer postmetaconular crest that runs parallel to the 
lingual side of the tooth. Both the preprotocrista and post-
protocrista are short. A broad but short anterior cingulum is 

present, running from a well developed StA to almost the 
dorsolingual base of the protocone. Beneath the metaconule 
and protocone, there is a deep entoflexus on the lingual mar-
gin of the tooth. There is a deep U-shaped ectoflexus on the 
labial margin of the tooth. The StB is larger and longer than 
the StC+D. The StC+D is well-developed and the highest 
cusp of the molar.
Remarks.—UFAC-CS 65: the presence of a premetaconular 
cusp and the metacone situated in the first half of the StC+D 
allow us to assign this specimen to the family Palaeothentidae 
according to Abello (2007). Also, according to this same 
author, the protocone and metaconule directly opposite to 
StB and StC+D, regarding an axis perpendicular to the an-
teroposterior one, unambiguously point to Palaeothentinae 
affinities for UFAC-CS 65. Conversely, decastine palaeo-
thentids are characterized by a protocone posterior to the 
StB on M1–2, differing from UFAC-CS 65 (Abello 2007). 
Among Palaeothentinae, Carlothentes chubutensis Bown 
and Fleagle, 1993, is solely known through lower molars, 
precluding further comparison with UFAC-CS 65. The up-
per molars of Palaeopanorthus primus Ameghino, 1902, 
although having conspicuous paracone and metacone, have 
a sizeable premetaconular cusp and a moderately devel-
oped to large metaconule, differing from UFAC-CS 65 
(Abello 2007). In the species of Palaeothentes Ameghino, 
1887, a paracone on M2 is only registered in Palaeothentes 
marshalli Bown and Fleagle, 1993, Palaeothentes migu
eli Bown and Fleagle, 1993, and Palaeothentes serratus 
Engelman, Anaya, and Croft, 2017 (Abello 2007; Engelman 
et al. 2017). Palaeothentes serratus from Quebrada Honda 
(Middle Miocene of Bolivia), differs from UFAC-CS 65 in 
possessing a highly reduced metacone. The other species of 
Palaeothentes from Quebrada Honda, Palaeothentes relic
tus Engelman, Anaya, and Croft, 2017, is not represented by 
upper molars (Engelman et al. 2017), hampering compari-
son with UFAC-CS 65. As for P. migueli and P. marshalli, 
the molars of P. migueli are smaller than UFAC-CS 65, 
while those of P. marshalli are closer in size to UFAC-CS 
65. Besides, P. marshalli has well-developed metacone and 
teeth that are more triangular-shaped in occlusal view, as 
UFAC-CS 65. Nevertheless, the M1–M2 of the species 
of Palaeothentes do not present many significant differ-
ences with the ones of Palaeopanorthus primus (i.e., dif-
ferences in the proportional size of the paracone, metacone 
and premetaconular crest; Bown and Fleagle 1993; Abello 
2007). Therefore, considering that UFAC-CS 65 is an iso-
lated specimen and that the M2 is not a very distinctive 
tooth among some Palaeothentinae taxa, we chose an open 
taxonomic identification, highlighting the closer affinities 
of UFAC-CS 65 especially with P. marshalli, but also to 
P. migueli and Palaeopanorthus primus.

UFAC-CS 418 can be considered as belonging to Palaeo-
thentoidea due to the differences in the enamel thickness 
observed between the lateral and occlusal sides of the molar, 
and as a representative of Palaeothentidae due to (i) the 
metacone located on the anterior half of the StC+D, and 

Fig. 8. Paucituberculatans from the upper Juruá River, State of Acre, Brazil, 
?Middle Miocene. A. Palaeothentinae indet., UFAC-CS 65, left M2, PRJ 
33’, out of stratigraphic context, allochthonous sediments; in occlusal 
(A1), approximately lingual (A2), and approximately labial (A3) views. 
B. Palaeothentinae indet., UFAC-CS 418, right ?M2, PRJ 25, out of strati-
graphic context, allochthonous sediments; in occlusal (B1), approximately 
lingual (B2), and approximately labial (B3) views. C, D. Abderitidae indet., 
PRJ 33, conglomerate level, in situ sediments. C. UFAC-CS 101, right M2; 
in occlusal (C1), approximately lingual (C2), and approximately labial (C3) 
views. D. UFAC-CS 109, left fragmentary ?m2; in occlusal view.
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(ii) the presence of a premetaconular cusp on upper molars 
(Abello 2007). As mentioned above, for UFAC-CS 65, the 
M2 of palaeothentines is not very diagnostic; therefore, an 
open taxonomic identification is again favored. As with 
UFAC-CS 65, UFAC-CS 418 also has closer affinities with 
P. marshalli, P. migueli, and Palaeopanorthus primus.

Compared to UFAC-CS 418, UFAC-CS 65 has a less 
developed anterior cingulum, StA and paracone; a more 
developed metacone; a more defined triangular outline; and 
it is larger. Because both are here considered as M2s, these 
differences would not be related to distinct dental loci but 
possibly to different taxa. Thus, both UFAC-CS 65 and 
UFAC-CS 418 are considered to belong to palaeothentines. 
Yet, a more precise taxonomic assignment would require 
more associated specimens (especially of other dental loci) 
and a better knowledge of the morphology of the already 
described Palaeothentinae.

Family Abderitidae Ameghino, 1889
Abderitidae indet.
Fig. 8C, D.

Material.—UFAC-CS 101, right M2; UFAC-CS 109, left 
?m2; from the locality PRJ 33, stratified conglomerate level, 
Juruá River, State of Acre, Brazil; Solimões Formation, 
Acre Basin, Middle Miocene.
Measurements.—UFAC-CS 101, L = 1.58 mm, W = 1.9 mm; 
UFAC-CS 109, W = 1.41 mm, L = 1.08 mm.
Description.—UFAC-CS 101 (Fig. 8C) is a small upper mo-
lar, quadrangular in occlusal view, strongly recalling the mor-
phology and outline of an M2. It is wide at its base, especially 
labio-lingually, with a conspicuous labial slope at the base 
of the StB. The protocone is robust but relatively short. The 
metaconule is smaller than the protocone. The postprotocrista 
meets a crest that runs anterolingually to the metaconule, 
lingually delimitating a small trigon basin, which is separated 
from the talon basin. There is a wide anterior cingulum, with a 
conspicuous parastylar cusp sensu Abello and Rubilar-Rogers 
(2012) present at its labial margin, which possesses a small 
projection/style at its labial base. The StB is large and high, 
being the tallest cusp of the molar. The posterior StB crest 
presents a small cusp-like structure. This crest and the ante-
rior StC+D crest do not form a V-shaped sulcus but run more 
parallel to the anteroposterior molar axis. The StC+D is small 
and is placed quite posteriorly. Posterolingual to the StC+D, 
there is a short wide basin formed by the postmetaconular 
crest. Crest-like structures run from the stylar cusps towards 
the protocone and metaconule.

The UFAC-CS 109 specimen (Fig. 8D) is a fragment 
of a lower molar, with only the talonid preserved. None of 
the trigonid cuspids are preserved, and the talonid displays 
two lingual cuspids and one labial. The two lingual ones 
correspond to an anterior cuspid-like entocristid, which has 
a blunt tip, and a posterior entoconid, both labio-lingually 
compressed. The hypoconid occupies a posterior position, 
with a cristid-like structure running antero-lingually from 

its tip to the talonid basin. The talonid basin is relatively 
narrow. Posteriorly to the entoconid, a postentocristid runs 
almost perpendicular to the anteroposterior molar axis, join-
ing a postcristid towards the molar midline. Basal to them 
there is a small hypoconulid. The cristid obliqua is slightly 
oblique and has a sharp occlusal margin.
Remarks.—The presence of lophodont molars is conside-
red a diagnostic characteristic of the family Abderitidae. 
Besides, the presence of a parastylar cusp on the M2 is also 
common among abderitids (Abello 2007). The latter and the 
absence of both paracone and metacone on this tooth, as 
well as a cristid obliqua with sharp occlusal margin on the 
m2–m3, and a hypoconid not anteroposteriorly compressed 
are characteristics present in UFAC-CS 101 and UFAC-CS 
109 which are diagnostic of the genus Abderites Ameghino, 
1887, according to Abello and Rubilar-Rogers (2012). Three 
species of Abderites are currently recognized, Abderites me
ridionalis Ameghino, 1887, Abderites crispus Ameghino, 
1902, and Abderites aisenense Abello and Rubilar-Rogers, 
2012. The size of UFAC-CS 101 and UFAC-CS 109 is much 
smaller than the specimens assigned to any known species 
of Abderites, the closer of them in size being A. crispus 
(Abello and Rubilar-Rogers 2012). Several of the charac-
teristics that define each of the species of Abderites are 
located on other molar loci or regions not preserved in the 
specimens from Acre. Several synonymies were already 
considered among the referred species, the differences 
among them being somewhat subtle (Abello and Rubilar-
Rogers 2012). The labial slope seen in UFAC-CS 101 is a 
peculiar characteristic not found in none of the previously 
known species of Abderites, which have a sub-vertical labial 
wall on M1–M3. Besides, compared to another abderitid, 
Pitheculites Ameghino, 1902, the specimens from Acre are 
slightly larger than Pitheculites minimus Ameghino, 1902, 
slightly smaller than Pitheculites rothi Marshall, 1990, and 
Pitheculites ipu rurensis Stutz, Abello, Marivaux, Boivin, 
Pujos, Benites-Palomino, Salas-Gismondi, Tejada-Lara, 
Custódio, Roddaz, Ventura Santos, Ribeiro, and Antoine, 
2022, and much smaller than Pitheculites chenche (Dumont 
and Bown, 1997) (Marshall 1976b; Suárez Gómez, 2019; 
Stutz et al. 2022). Furthermore, Pitheculites is characterized 
by a metacone on M2 and a short cristid obliqua with a 
rounded occlusal margin (Abello 2007).

Therefore, due to their scarcity and fragmentary state, 
the open taxonomic assignation Abderitidae indet. is con-
sidered more conservative for the specimens UFAC-CS 101 
and UFAC-CS 109.

Discussion
Miocene Acre diachronous deposits in the upper Juruá 
and Envira rivers.—The fossil record of Amazonian 
metatherians remains scarce, especially when compared to 
the high latitudes of the South American landmass, and 
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the marsupial faunas are quite distinct in their composi-
tion between both areas (Goin et al. 2016). Such a dispar-
ity does not allow for a precise taxonomic assignment in 
most cases for newly-found fossil remains, mainly when 
they consist of isolated tooth specimens. A review of the 
Middle–Late Miocene metatherian record from Northern 
South America was recently proposed by Stutz et al. (2022). 
In Brazilian Amazonia, only didelphids had so far been de-
scribed, also from Miocene deposits of Acre (unidentified 
specimens and D. solimoensis; Czaplewski 1996; Cozzuol 
et al. 2006). Thus, the new records reported here from the 
Solimões Formation add three didelphid taxa and another 
order (Paucituberculata), with two new families documented 
(Palaeothentidae and Abderitidae) to the marsupial paleodi-
versity of Acre. Although notable, the absence of the orders 
Sparassodonta and Microbiotheria is likely related primarily 
to the low number of specimens recovered, despite the field 
efforts. Nevertheless, these orders are recorded in other co-
eval localities in northern South America, sometimes in 
association (e.g., La Venta, Colombia; Suárez Gómez 2019), 
and sparassodontans are present and diverse in Quebrada 
Honda (Bolivia; Engelman et al. 2020). Comparatively, 
with one didelphid, one palaeothentid, and one abderitid but 
no sparassodontan or microbiothere, the Middle Miocene 
(Laventan) TAR-31 locality from Peruvian Amazonia (Stutz 
et al. 2022) yields the taxonomically-closest marsupial com-
munity with the three assemblages described here. The pres-
ence of Abderitidae indet., found in the PRJ 33 conglomerate 
level, suggests a Middle Miocene age for this fossil- bearing 
locality, an age estimate that would agree with that deriving 
from chinchilloid (e.g., Microscleromys sp.) and erethizon-
toid (Nuyuyomys sp.) rodent specimens found on the same 
level (preliminary identifications made by LM and LK, ma-
terial under analysis).

Traditionally, the vertebrate fauna of the Solimões For-
mation is often estimated to be Late Miocene in age (Torto-
nian, Huayquerian SALMA, see Hsiou et al. 2022 for a recent 
review) and similar in age to the Urumaco fauna (Venezuela) 
and Ituzaingó Formation (Argentina) (Cozzuol 2006; Carrillo 
et al. 2015; Kerber et al. 2017). However, some faunal ele-
ments from the Solimões Formation present similarities with 
La Venta, Fitzcarrald and Quebrada Honda faunas, which 
are considered as Middle Miocene in age (after the native 
ungulates and rodents; Goillot et al. 2011; Ribeiro et al. 2013; 
Tejada-Lara et al. 2015). Furthermore, a Middle to Late 
Miocene interval is recorded through palynostratigraphy in 
the Solimões Formation (near Cruzeiro do Sul, Acre; Silva-
Caminha et al. 2020). Several elements of the upper Juruá 
River region suggest the presence of still older stratigraphic 
units, with taxa closely related to those from the Oligocene 
Santa Rosa, La Cancha (Argentina), and Salla (Bolivia) fau-
nas (Ribeiro et al. 2013; Kerber et al. 2017).

The distinct marsupial assemblages in the two rivers stud-
ied here, upper Juruá and Envira (Table 1), indicate that the 
concerned deposits do not document the same age and/or en-
vironmental context. At PRE 06 (Envira River), considered 

to be (?early) Late Miocene in age (according to the rodent 
fauna; Fontoura et al. 2022), solely didelphids were recorded, 
as in classical Acre localities. Late Miocene records of didel-
phids are much more abundant than Middle Miocene ones. 
Besides, it is considered as a period of significant diversifi-
cation and colonization of new areas by this family (Castro et 
al. 2021). Conversely, only Palaeothentoidea paucitubercula-
tans were found at PRJ 25 and PRJ 33. This superfamily be-
came extinct by the end of the Miocene (Abello et al. 2020). 
Nevertheless, there is no Late Miocene record of palaeothen-
toids in Northern South America. However, this group had 
great abundance and diversity, as well as a broad geograph-
ical range in Early–Middle Miocene low-latitude localities 
(e.g., Quebrada Honda, MD-61, MD-67, CTA-45, TAR-31, 
and La Venta localities; e.g., Antoine et al. 2013, 2016, 2017; 
Engelman et al. 2017; Stutz et al. 2022). Based on these re-
corded occurrences, the extinction of Palaeothentoidea was 
hypothesized not to have happened as a long, gradual de-
cline but as an abrupt event (Engelman et al. 2017), or per-
haps two events instead (Middle–Late Miocene transition 
at low latitudes; Late Miocene at mid- and high latitudes). 
Consequently, the presence of palaeothentoids at PRJ 25 
and PRJ 33 furthers the hypothesis of the upper Juruá River 
fossil-bearing localities being older than their Envira River 
(and classical Acre) counterparts, and most likely Middle 
Miocene in age. On the other hand, the species-rich didel-
phid assemblage at PRE 06, with no paucituberculatan spec-
imens, further matches the (?early) Late Miocene age as 
recently proposed based on rodent biostratigraphy (Fontoura 
et al. 2022), more in line with the classical Huayquerian Acre 
faunas. Unfortunately, the lack of a precise geological con-
text for the PRJ 25 specimens and part of the material from 
PRJ 33 does not help in this context.

Miocene metatherian diversity, ecology, and paleobiogeo
graphy in the Acre region.—Marmosini is a monophyletic 
tribe of didelphids, which includes Marmosa, Tlacuatzin, 

Table 1. Marsupial assemblages by the upper Juruá (PRJ 25 and PRJ 
33 localities, Middle Miocene) and Envira rivers (PRE 06 locality, 
[?lower] Upper Miocene), Acre, Brazil.

Taxa
Localities

PRJ 25 PRJ 33 PRE 06

Age Middle Miocene (?early) Late 
Miocene

Paucituberculata
 Palaeothentidae
  Palaeothentinae indet. × ×
 Abderitidae
  Abderitidae indet. ×
Didelphimorphia
 Didelphidae
  Marmosini, ?Marmosa sp. ×
  Didelphis cf. D. solimoensis ×
  Thylamys? colombianus ×
  Didelphidae indet. ×
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and Monodelphis. Marmosa is a complex genus with five 
subgenera and 25 living species, broadly distributed in 
Central and South America and occurring in many tropical 
and subtropical habitats (Rossi et al. 2010; Voss 2022). The 
phylogenetic pattern of Marmosa was shown to be closely 
related to the Andes and its orogeny, with a trans-Andean 
clade of species (mostly in Central America and Western 
South America) and a cis-Andean group (Patterson et al. 
2012). As mentioned above, fossils documenting Marmosa 
are reported from the La Venta deposits, Middle Miocene 
of Colombia, with Marmosa laventica, Marmosa sp., and 
Marmosa sp. 1 (Marshall 1976a; Goin 1997; Suárez Gómez 
2019). Besides, Antoine et al. (2013) mentioned the presence 
of Marmosa (Micoureus) cf. laventica at MD-67, Middle 
Miocene of Peru. Additional fossil specimens of Marmosa 
have been reported only from the Chapadmalal Formation 
(Pliocene) in Argentina (Marshall 1976a). The new possible 
record of Marmosini, ?Marmosa sp. from PRE 06 high-
lights the broad presence of close allies of this taxon in the 
Western Amazonian region during the Miocene.

The genus Didelphis today comprises six species, which 
occur from North to South America, occupying almost all 
the tropical and subtropical biomes (except deserts) of the 
Americas. Nevertheless, its species-level taxonomy is puz-
zling (Voss and Jansa 2009; Voss 2022). Didelphis was pre-
viously recognized in the Upper Miocene of Acre, with 
Didelphis solimoensis at the Patos locality, on the Acre 
River (Cozzuol et al. 2006). Moreover, two extinct species 
of Didelphis were described from the upper Pliocene–lower 
Pleistocene of Argentina (Goin and Pardiñas 1996; Cozzuol 
et al. 2006). The record of Didelphis cf. D. solimoensis at 
PRE 06 possibly adds new specimens of this taxon, which is 
known solely for its holotype thus far (only lower dentition).

Thylamys is considered a monophyletic genus, with two 
subgenera and nine species, occurring solely in South Ame-
rica. It is considered a marker of open vegetation envi ron-
ments (Giarla and Jansa 2014). Fossil occurrences of the ge-
nus include the extinct T. minutus and T. colombianus from 
La Venta, Colombia (Goin 1997), and “Thylamys” cf. “T.” 
colombianus from Peruvian Amazonia (TAR-31; Stutz et al. 
2022), both Middle Miocene in age, as well as Late Miocene 
and Pliocene records in Argentina (Gardner 2007). The re-
cord of Thylamys? colombianus at PRE 06 expands the range 
of this taxon east and southwards and allow for considering 
its survival in Late Miocene times in Western Amazonia.

Thus, the record of these three didelphid taxa from PRE 
06 highlights the diversity and distribution of the Didelphidae 
during the (?early) Late Miocene in Western Amazonia. As 
pointed out by Goin (1997) and Suárez Gómez (2019) for 
the La Venta deposits, this area would have functioned both 
as a high-diversification rate region, as well as a place with 
low extinction rates (see also Meseguer et al. 2022). Castro 
et al. (2021) emphasized the importance of Amazonia for 
the early diversification of didelphids, with the La Venta 
and Madre de Dios records (MD-67, Peru), as well as the 

records in Argentinean Patagonia (Goin et al. 2007) as the 
first reliable ones of crown representatives of Didelphidae.

Since a more precise taxonomic attribution could not 
be achieved for Marmosini, ?Marmosa sp. from PRE 06, it 
is impossible to correlate this taxon to specific paleoenvi-
ronmental conditions. Indeed, species of Marmosa inhabit 
a wide range of habitats. Most species, however, occur in 
lowland rainforests, and marmosines are generally asso-
ciated with a more insectivorous-carnivorous niche (Goin 
1997; Voss and Jansa 2009). Didelphis species are also dis-
tributed in almost all types of habitats, and are considered 
to have omnivorous and opportunistic behavior, thus, not 
a helpful indicator for paleoenvironmental considerations 
either (Cozzuol et al. 2006; Gardner 2007; Voss 2022). On 
the other hand, species of Thylamys occur today in open 
environments of subequatorial South America (none in 
low latitudes), having insectivorous-omnivorous habits 
(Gardner 2007; Cáceres 2012). As to the fossil Thylamys, 
Suárez Gómez (2019) suggested that T. colombianus would 
have had insectivorous/faunivorous habits. Besides, this 
Thylamys diversity recorded in Amazonia would suggest 
a much widespread geographical distribution in the past, 
but the question remains as to whether these Miocene spec-
imens belong to stem Thylamyini or to Thylamys sensu 
stricto. Interestingly, the ancestral area of Thylamyini was 
suggested to be Amazonia, with stem thylamyin inhabiting 
closed-canopy forests and later diversifying and colonizing 
open habitats east of the Andes, prior to the Late Miocene 
(Jansa et al. 2014; Castro et al. 2021)

Palaeothentes is a speciose genus that was recovered as 
monophyletic in the most recent phylogenies considering 
a comprehensive taxonomic sampling of paucitubercula-
tans, but excluding “Palaeothentes” primus, reassigned to 
Palaepanorthus (Abello 2007; Engelman et al. 2017). The 
unidentified palaeothentine(s) from the upper Juruá (PRJ 25 
and PRJ 33’) have the closest affinities with Palaeothentes 
marshalli and Palaeothentes migueli (both being closely 
related) and with Palaeopanorthus primus (phylogeneti-
cally remote) (Engelman et al. 2017; Abello et al. 2020). 
Palaepanorthus primus is known from the Lower Miocene 
of Argentinean Patagonia, it had a medium size compared to 
other palaeothentines, and its dietary habits are not known 
(Bown and Fleagle 1993; Abello 2007). Palaeothentes is 
widespread in Miocene localities all over South America, 
and Northern Amazonia seems to have played a significant 
role in the evolutionary history of its superfamily, which 
needs to be more investigated (Stutz et al. 2022 and refer-
ences therein).

Regarding body size, Palaeothentinae indet. from the 
upper Juruá (PRJ 25 and PRJ 33’) can be considered to 
have been small to medium-sized when compared to other 
palaeothentines, being much smaller than the very large 
Palaeothentes aratae and Titanothentes simpsoni (>500 g; 
Abello et al. 2020), and slightly smaller than Palaeothentes 
serratus (~100 g) and P. relictus (~150 g; Engelman et al. 
2017). The absence of m2 in the studied material hinders the 
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dietary reconstruction of the unidentified palaeothentine(s), 
following Dumont et al. (2000) protocol. Nonetheless, 
Palaeo thentes marshalli and Palaeothentes migueli were 
unambiguously interpreted as frugivorous (Engelman et al. 
2017). Palaeothentids have been related to various feeding 
habits and different kinds of habitats (mixed vegetational 
cover and seasonal aridity at Quebrada Honda, Bolivia, 
Engelman et al. 2017; at Santa Cruz and Pinturas forma-
tions, Argentina, markedly seasonal, not dry reconstructed 
paleoenvironment, Kramarz and Bellosi 2005; Spradley et 
al. 2019). In Western Amazonia, palaeothentids were abun-
dantly recorded at the Shapaja section in early Oligocene 
deposits, which do record a drier period after the Eocene–
Oligocene transition (Antoine et al. 2021; Stutz et al. 2021; 
and material under analysis by the authors) as well as in 
La Venta, which is suggested as having hosted a tropical 
rainforest by the Middle Miocene (Spradley et al. 2019) and 
at TAR-31, where the paleoenvironmental conditions are 
suggested to have been humid, warm, with heterogenous 
landscape (Stutz et al. 2022).

The record of Abderitidae indet. at PRJ 33 broadens the 
geographical range of this family and adds a new occurrence 
of it in South American low latitudes. The only abderitid 
recognized in Northern South America is Pitheculites, with 
Pitheculites chenche in La Venta and Pitheculites ipururen
sis in TAR-31, Peru (Middle Miocene; Suárez Gómez 2019; 
Stutz et al. 2022), whereas Parabderites and Abderites are 
classically restricted to the southern part of South America 
(Argentina and Chile) and spanning the Early–Middle 
Miocene interval (Colhuehuapian–Colloncuran SALMAs; 
Abello and Rubilar-Rogers 2012). Because a more precise 
taxonomic assignment could not be achieved, it is not pos-
sible to state whether these specimens represent the occur-
rence of another abderitid genus in the Amazon region. 
Abderitids are considered to have been dietary generalists, 
with a derived dental complexity allowing them to process a 
wide range of food items (Abello et al. 2020). They thrive in 
wet and humid paleoenvironments (Ortiz Jaureguizar 2003; 
Engelman et al. 2017).

Conclusions
The upper Juruá and Envira marsupials described here 
highlight the role of Western Amazonia regarding Middle 
and Late Miocene didelphids and palaeothentoids, espe-
cially for palaeothentines and abderitids, which were previ-
ously unknown in Brazilian Amazonia. Strong affinities are 
revealed with Middle–early Late Miocene-aged localities 
of Peruvian Amazonia (MD-67 in Madre de Dios; TAR-
31 near Tarapoto; CTA-44 and CTA-43 near Contamana), 
Colombia (La Venta) and Quebrada Honda (Bolivia). Hence, 
it reinforces the hypothesis of a unique and homogeneous 
biogeographical province for land mammals in Western 
Amazonia over the Middle Miocene times, and probably 
slightly before and after, possibly in close relation with the 

Pebas Mega-Wetland System (Stutz et al. 2022). However, 
the upper Juruá and Envira rivers outcrops need to be better 
constrained stratigraphically and in terms of geochronolog-
ical data. Furthermore, much remains to be investigated in 
terms of fossil marsupials from Northern South America: no 
pre-Pleistocene fossils are known for the current Amazon 
region of Ecuador and Colombia (Antoine et al. 2017). As 
pointed out by Goin et al. (2016), this scarcity of fossil data 
makes it challenging to understand the South American 
marsupials’ phylogenetic and paleobiogeographic relation-
ships, not only at tropical latitudes but also for the whole 
continent.
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