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a b s t r a c t

The Laguna de Tagua Tagua has yielded two important late Pleistocene archaeological sites, Taguatagua 1
and Taguatagua 2, in which a clear early human exploitation of megafauna has been recorded. Partic-
ularly in Taguatagua 1 (TT-1), here re-dated around 12,600 cal yr BP, an abundant small faunal assem-
blage was also recovered, which had not been previously studied in detail. Here we report the first
comprehensive taxonomic and taphonomic analysis of this site. We identified 28 different taxa, including
mollusks, fish, anurans, reptiles, birds, marsupials, rodents, carnivores, gomphotheres, horses and cer-
vids, making this the richest late Pleistocene site in Chile so far. Among these, sixteen taxa are new for
the Chilean late Pleistocene. Birds are the richest group, with ten taxa, followed by rodents with eight
taxa. Most of the species currently inhabit the area, but we identified some locally extirpated taxa,
together with extinct taxa (exclusively megamammals). Taphonomic analysis suggests a very complex
depositional scenario, mostly related to lake-level oscillations which covered and exposed a mainly
natural deposited small faunal assemblage. So far, we detected human-made modifications exclusively in
horse and cervid bones. Current habitat requirements of the extant fauna, as well as dietary recon-
struction of extinct fauna, suggest a highly variable climate and vegetation during the formation of TT-1
since taxa with preferences from semiarid to humid/wooded environments were identified. These results
can be related to the changes from cold/wet to dry/warm conditions documented during the Pleistocene
- Holocene transition.

© 2020 Elsevier Ltd. All rights reserved.
Transdisciplinary Center for
l de Chile, Los Pinos s/n, Bal-

.

1. Introduction

The late Pleistocene (~126e11,7 kyr) faunal record in central
Chile (~32e35�) is abundant, with around 32 paleontological and/
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or archaeological sites scattered along coastal areas, the Coastal
range, the intermediate depression and the pre Andean range
(Frassinetti and Alberdi, 2000; Labarca, 2015; and references
therein). However, most of the fossils known at present come from
fortuitous findings without detailed stratigraphic or contextual
information. Due to this, the paleontological faunal record is widely
dominated by easy-to recover taxa, particularly by gomphotheres
and horses (Casamiquela,1976,1999; Cartajena et al., 2013; Labarca,
2015; Labarca et al., 2016; Nú~nez et al., 1994) from which initial
paleoecological, chronological and taxonomical work has been
done (Alberdi and Frassinetti, 2000; Casamiquela, 1972;
Casamiquela and Sepúlveda, 1974; Frassinetti and Alberdi, 2000;
Gonz�alez-Guarda et al., 2018; Labarca and Alberdi, 2011; Labarca
and Alcaraz, 2011; L�opez et al., 2016). For other groups of smaller
size, such as rodents, marsupials, reptiles, anurans, fish and birds,
the information is sparse and, in some cases, non-existent. This
marked imbalance has prevented an adequate reconstruction of
late Pleistocene faunal assemblages in central Chile, a problem that
could be partially solved with the study of deposits located in
different geological settings with a high faunal richness and well-
controlled stratigraphic and chronological context. In this sce-
nario, this paper presents the extraordinary faunal record of
Taguatagua 1 (TT-1), an archaeo-paleontological site located in the
Coastal Range of central Chile (Fig.1), dated around 12,600 cal yr BP.
At this site, a clear association between cultural remains and a
particularly rich faunal assemblage in a lacustrine environment has
been documented (Casamiquela, 1976; Montan�e,1968; Nú~nez et al.,
1994; Palma, 1969), offering a unique opportunity to address not
only taxonomic issues, but also discuss the taphonomic processes
involved, human exploitation of different taxa and paleoenvir-
onmental reconstruction during late glacial times. The present
contribution has three main goals. First, to report the results of the
taxonomic study of the fossils recovered at the TT-1 site. This faunal
assemblage corresponds to the richest described for the late
Pleistocene of Chile until now, and significantly increases the
knowledge about the continental faunas of the late Quaternary in
Chile and southern South America. The fossil assemblage does not
only contain taxa of very different taxonomic groups (Placentalia,
Marsupialia, Aves, Serpentes, Lissamphibia, Osteichthyes, Mollusca)
but also includes a large number of species of which there was no
fossil record in the area, some of them locally extirpated. Second, to
present a qualitative taphonomical analysis centered mainly on
bone modifications. In this line of research, a complex pre and post
burial history is suggested, in which a time-averaged shore-lake
natural bone deposition was disturbed by an ephemeral human
occupation centered in megamammals exploitation. Third, to
explore this faunal context as a paleoenvironmental proxy, in order
to improve the understanding of the Pleistocene e Holocene
transition at a locality level in central Chile.
2. Site context

2.1. Geographic location and geological setting

The studied material was sampled from the Laguna de Tagua
Tagua Formation (LTTF) (Upper Pleistocene to Holocene), located in
the Laguna de Tagua Tagua locality (LTT), a former lake artificially
drained in the XIX century (Nú~nez et al., 1994). The LTTF corre-
sponds to Cenozoic lacustrine units contained in the oriental
margin of the Coastal Range (Fig. 1A1-2). The older lithological
units in the area correspond to La Lajuela Formation (sensu Soto-
Huenchuman, 2018) assigned to the TithonianeBerriasian, Las
Chilcas Formation (Barremian-Albian), the Alhu�e Plutonic Complex
(Albian-Cenomanian) and restricted contact metamorphic rocks
(Godoy et al., 2009) (Fig. 1A3).
LTTF is defined as a 12.6 m thick assemblage of semi-

consolidated fine sediments, such as clay and silt, unconformably
overlaying to tuff layers (Varela, 1976) assigned to the Pudahuel
Ignimbrite unit by Lara et al. (2008), extended over a surface of
120 km2 approximately, into tectonic graben. The top of the LTTF is
exposed as the current surface or recent soil (Godoy et al., 2009;
Varela, 1976).

Varela (1976) divided the formation in eight members, member
1 (12.62e11.37 m) is composed of massive sand and gravel of al-
luvial origin, while members 2 to 8 (11.36 m-to surface) are
composed of lacustrine greenish, brownish and grayish massive to
laminated clays and silts with some diatomaceous inclusions,
especially at the top of the sedimentary accumulation (Fig. 1B1).
Latter sedimentological studies carried out by Valero-Garc�es et al.
(2005) defined a new succession composed for nine units, which
partially correlates with Varela’s original description.

The TT-1 archaeo-paleontological site is located at the uncon-
formity between member 5 and member 6, at around 2.4 m depth
(Fig. 1B2). The cultural materials and faunal remains were mainly
recovered at the base of member 6 in which a discontinuous
paleosoil was detected, but also at the top of the member 5
(Varela, 1976).
2.2. Chronology

Based on extrapolated sedimentation rates, Varela (1976) sug-
gested an age older than 51,000 yr BP for the bottom of the LTTF.
Valero-Garc�es et al. (2005) obtained a date of ~42,000 yr BP from
the base of his Unit 8 (member 3 according to Varela, 1976), which
is located 7 m depth (Fig. 1B). Since the Pudahuel Ignimbrite unit is
dated around 150,000 yr BP (Lara et al., 2008), the LTTF can be
assigned with confidence to the Upper Pleistocene to Holocene.

With regards to TT-1, Montan�e (1968) reports a date of
13,200 cal yr BP (GX-1205: 11,380 ± 20) on charcoal. A duplicate of
the same sample gave a date of 12,860 cal yr BP (Gif-1265:
11,000 ± 250, Palma, 1969). Considering that the dates reported for
TT-1 are the result of analyses performed during the early stages of
development of radiocarbon dating techniques, we obtained two
new dates from materials recovered during the second excavation
at TT-1 (see section 2.4). The samples dated are a fragment of
charred megafauna bone (D-AMS 034867, 10,578 ± 48) and a iso-
lated charcoal sample (D-AMS 034868, 10,738 ± 43) recovered in
sediments coming from the late Pleistocene archaeological level
reported by Nu~nez et al. (1994) (excavation units C3eF3 and C2eF3,
respectively). Both new dates help to constrain this human occu-
pation event around 12,510e12,670 cal yr BP.We have attempted to
radiocarbon date gomphothere specimens from TT-1 (n ¼ 4), but
none of the samples yielded enough collagen.

Several other dates have been reported, some of which are
assigned to strata closely related to the sediments from TT-1 (either
top of member 5 or base of member 6). Heusser (1990) reports
radiocarbon dates of 13,000 cal yr BP (RL-1954: 11,170 ± 320) and
11,290 cal yr BP (RL-1954: 9860 ± 320) from sediments located at
2.4 and 2.3 m depth, respectively, coming from his Pollen Zone 2a
and 1e. On the other hand, Valero-Garc�es et al. (2005) reports
radiocarbon dates of 13,590 cal yr BP (Hv-23494: 11,710 ± 430) and
11,070 cal yr BP (Hv-23493: 9735 ± 270) that can be taken as
bracketing dates for the interface between his Units 2 and 3
(member 5 and 6 according to Varela, 1976).

Finally, two radiocarbon dates are reported for Taguatagua 2
(TT-2), another archaeo-paleontological site located 170 m to the
west from TT-1 (Nú~nez et al.,1994). These dates are: 11,640 cal yr BP
(Beta-45520: 10,120 ± 130) and 11,310 cal yr BP (Beta-45519:



Fig. 1. Geographic location of the study area in South American (A1) and regional (A2) context. Geological setting of Laguna Tagua Tagua area (A3). Laguna de Tagua Tagua For-
mation (B1) and detail of the Pleistocene e Holocene transition (B2). Fossil remains of Biomphalaria taguataguensis from Taguatagua 1 SGO.PI.23,104 and SGO.PI.23,105 in lateral (C1,
C4) and apertural (C2, C3) views. Scale bar ¼ 5 mm. 1Montan�e (1968); 2Palma (1969); 3This study; 4Nú~nez et al. (1994).
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9900 ± 100), both of them obtained from charcoal samples strati-
graphically positioned at the lower section of member 6 and in
stratigraphic associationwith lithic artefacts andmegafauna bones.
A third date, coming from right above the level of the human
occupation at TT-2, gives a minimum age to this event of
11,000 cal yr BP (Beta-45518: 9710 ± 90).

In sum, the TT-1 archaeological occupation is a discrete event
dated around ~12,600 cal yr BP, situated in a stratigraphic context
deposited between ~13,590 and 11,070 cal yr BP. The bone assem-
blage analyzed here comes from this same stratigraphic context,
allowing us to establish a late-Pleistocene to early-Holocene age for
the assemblage. Further work, especially new excavations at the
site with a detailed stratigraphic context and dating of the bone
deposits are needed in the future.

2.3. Paleoenvironment and paleoclimate

During the late Pleistocene the climate of south-central Chile
(~31�e42�S) was colder and more humid than today, and the
environment was characterized by mesic C3 vegetation (Kaiser
et al., 2005, 2008). During the Last Glacial Maximum (LGM)
(~26,000e19,000 cal yr BP), the amount of precipitationwas double
that of today (Moreno et al., 1999) and summer mean temperatures
were between 6�Ce8�C lower than today (Berman et al., 2016),
which allowed the presence of large wooded areas. For example, at
32�S, swamp forests would have been occupying coastal areas
(Villagr�an and Varela, 1990) while, between 32� and 34�S, patches
of deciduous and evergreen Nothofagus forests would have been
present (Villagr�an and Armesto, 1993). Between 34� and 36�S, in
areas of low altitude, the environment was characterized by forests
adapted to cold conditions and high precipitation values (Valero-
Garc�es et al., 2005), and/or by the presence of open mountain
forests (Heusser, 1983). This high humidity levels have been related
to the latitudinal displacement of the westerlies by at least 5� to-
wards the equator (in conjunction with the Antarctic Circumpolar
Current) (Kaiser et al., 2008). The Last Glacial Termination
(~17,000e11,700 cal yr BP) in central Chile is characterized by a
decrease in moisture, interrupted by one cold reversal event
dated between 13,500e11,500 cal yr BP (Lamy et al., 1999; Valero-
Garc�es et al., 2005).

The early Holocene (~11,500e9,000 cal yr BP), between 31�S and
34�S, begins with an abrupt climate change towards more arid and
warm conditions (Kaiser et al., 2008), reflected in a dramatic drop
of arboreal taxa, with the concomitant expansion of grasslands
such as Chenopodiaceae-Amaranthaceae (Heusser, 1983; Valero-
Garc�es et al., 2005). Geochemical and sedimentological evidence
in LTT during the Pleistocene-Holocene transition shows an
important lake level drop, which begins with the formation of the
paleosoil that separates member 5 and member 6 (Varela, 1976).
High and variable content of Typha also suggests the presence of a
fluctuating large wetland surface (Valero-Garc�es et al., 2005).

According to the chronology reported (Section 2.2), TT-1 is
located at the end of the last LGT cold pulse, however the strati-
graphic position of the site is more closely related to the
Pleistocene-Holocene transition, and therefore with a passage from
wet/cold to dry conditions.

2.4. Archaeology

TT-1 was archaeologically excavated during two field seasons
(late 1960s and early 1990s), accounting for a total of around
189 m2 of excavated area (Nú~nez et al., 1994; Montan�e, 1968).
Casamiquela (1976) reported a taxonomic summary of the faunal
remains coming from the first campaign, but no faunal data are
published for the second one. Lithic tools and debitage, as well as
bone tools were discovered spatially associated with fossils
(Casamiquela, 1976; Nú~nez et al., 1994; Montan�e, 1968). The lithic
assemblage is composed of a diversity of high-quality rocks, mainly
aphanitic basalt and different siliceous rocks, but also includes
obsidian (M�endez, 2015). Lithic tools were marginally retouched
starting from big blanks and include bifacial knives, scrapers, side
scrappers, and retouched flakes and blades. Use-wear analysis
suggests cutting and scraping activities on soft and hard materials
(M�endez, 2015). Debitage indicates in situ artifact preparation and/
or maintenance. Montan�e (1968) also mentioned several bone tools
made on horse bone, including flakers. No hearths were detected,
but scattered charcoal spicules were found. In sum, all the evidence
suggests a short-term camp inwhichmammal-processing activities
were carried out (M�endez, 2015).
3. Materials and methods

Faunal remains come either from the top of the member 5 or the
base of the member 6, covering a time span of ~2500 yr (see section
2.1 and 2.2). Fossils were identified using several reference neon-
tological collections (Appendix A) and osteological guides (e.g.
Barone, 1976; Baumel and Witmer, 1993; Cohen and Serjeantson,
1986; Falabella et al., 1995; Tercerie et al., 2016, among others).
The taxonomic framework followed Dyer (1997) and Tercerie et al.
(2016) for atherinopsines fishes, Frost et al. (2006) for anurans,
Zaher et al. (2019) for colubrids, Prum et al. (2015), Gill and Donsker
(2016), and Remsen et al. (2020) for birds, Moth�e et al. (2017) for
gomphotheres, Prado and Alberdi (2017) for equids, Alcaraz (2010)
for extinct cervids and Patton et al. (2015) for rodents. For analytical
purposes vertebrates were grouped into two categories according
to its mass: small fauna (up to 10 kg) and megafauna (>44 kg).
Small fauna includes rodents, marsupials, canids, birds, fishes,
reptiles and anurans while megafauna incorporates gomphotheres,
equids and cervids. Osteological terminology is based mainly on
Gregory and Conrad (1937), Hershkovitz (1967), Lynch (1971),
Barone (1976), Rage (1984), Baumel and Witmer (1993), Ferretti
(2010), Gracian-Negrete et al. (2012), G�omez and Turazzini, 2016,
among others. Measurements were taken with digital calipers to
the nearest 0.01 mm. Eisenmann et al., 1988 measurement’s guide
for horses was used. Only for the third metatarsal of Hippidion, a
Principal Component Analysis (PCA) was performed using the
reference measurements from Prado and Alberdi (2017).

Due to the lack of information about the procedures of specimen
collection during the excavation of TT-1, it is assumed the presence
of a small fauna assemblage biased to larger taxa and/or larger
specimens (Schaffer and S�anchez, 1994; Zohar and Belmaker,
2005). This caveat prevented detailed quantitative analysis. Only
NISP (minimum number of specimens), MNI (minimum number of
individuals) and NTAXA (number of identified taxa) were used for
quantification (Grayson, 1984; Lyman, 2008). A specimen was
considered “identified” when it was assigned at least to Class level.

Some general taphonomic attributes were recorded: weathering
(Behrensmeyer, 1978), tooth marks (Binford, 1981), rodent marks
(Lyman, 1994), digestive traces (Andrews, 1990; Fern�andez-Jalvo
and Andrews, 1992), root marks (Fern�andez-Jalvo and Andrews,
2016), polishing/abrasion (Fern�andez-Jalvo and Andrews, 2003;
Griffith et al., 2016), manganese coating (Marín-Arroyo et al., 2008,
2014), bioturbation (Pesquero et al., 2010), anthropic marks (e.g. cut
marks, percussion marks, Mengoni-Go~nalons, 1999) and thermal
alterations (Shipman et al., 1984; Fern�andez-Jalvo et al., 2018).
Fernandez-Jalvo and Andrews’s modification atlas (2016) were
used as reference. The specimens were inspected with low
magnification lenses (up to 40�). A detailed taphonomic analysis is
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in progress (Lizama-Catal�an in prep.).
Due to manuscript length limitations, specimens identified at

Order level or higher were not reported here. Only most significant
or diagnostic fossils for each generic/specific taxonwere presented.
The specimens analyzed are housed in the Museo Nacional de
Historia Natural of Santiago, Chile (MNHNCL) under the codes
SGO.PV, SGO.PI. and TT. Repository codes of specimens described
are listed in Appendix B.

All radiocarbon dates discussed in the text were calibrated to
calendar years using the software Calib7.04 (Stuiver et al., 2019) and
the SH13 calibration curve (Hogg et al., 2013).

4. Results

4.1. Systematic paleontology

4.1.1. Class Gastropoda Cuvier, 1795

4.1.1.1. Family Planorbidae Rafinesque, 1815
4.1.1.1.1. Genus Biomphalaria Preston, 1910

4.1.1.1.1.1. Biomphalaria taguataguensis Covacevich, 1971 (Fig. 1C,
Table 1, Appendix B)

Mollusks from Biomphalaria are common in the assemblage
analyzed. It corresponds to a small and thin discoidal-planispiral
shell, with 2.5e3 convex whorls, whose width and height in-
crease rapidly. The suture is wellmarked and deep. The shape of the
aperture is semicircular; the width is similar to the height and the
growth lines are thin, slightly marked and close to each other.

In comparative terms, the proportions of Aperture width/
Maximum diameter and Aperture width/Umbilic diameter are
notoriously greater in B. taguataguensis than in B. chiliense
(Covacevich, 1971), which is observed in the specimens here
described. Additionally, the chilean freshwater gastropods are
characterized by a high degree of endemism according to the hy-
drological basinwhere they occur (Valdovinos, 2006), whichmakes
biometric comparison with other taxa belonging to Biomphalaria
difficult.

4.1.2. Class Actinopterygii Klein, 1885

4.1.2.1. Order Atheriniformes Bleeker, 1859

4.1.2.1.1. Family Atherinopsidae Fitzinger, 1873
4.1.2.1.1.1. Genus Odontesthes Evermann and Kendall, 1906

4.1.2.1.1.1.1. Odontesthes sp. (Fig. 2, Table 1, Appendix B)
Five specimens, including one right pre-opercular, two vomers

and two quadrates belong to individuals of this genus (Fig. 2). The
pre-opercular bone presents a spiny leaf, with a handsaw shape
that widens in the medial zone. It also has a notorious central
prominence with irregular edges and a curved angle >90�. In the
lower portion, under the central prominence, it exhibits a sulcated
slit that reaches the upper section. Thorny processes are absent. The
fossils exhibit several features that permit its inclusion in the genus
Odontesthes: a “L” shaped pre-operculum, a partially ossified sen-
sory canal that runs through the bone at a straight angle, the ver-
tical and partially closed branch with three pores, and pores 1 and 2
lacking a bone bridge as a separation (Dyer, 1997). Both vomer
bones, identical in morphology, lack teeth in the anterior section
(Dyer, 1997). The fossils are slightly concave ventrally, small, with
an anterior articular section with two circular lateral condyles. In
the middle of them, a triangular crest with a medial sulcus is pre-
sent. The body is quadrangular in shape, with two dorsally pointed
projections in the posterior section. The posterior process is pro-
jected from the middle of the body, which is thin and has a “sword
blade” structure with striae in the form of “fullers” throughout it.
The quadrate is a laminarly triangular plate, similar to an isosceles
triangle, which begins in a wide articular condyle, forming a
notorious articulation positioned in the anterior-proximal section.
In proximal view, the joint has an inverted “T" shape. This condyle
fits into the joint facet of the articular (angular) bone. A long pro-
cess emerges from the articulation under the quadrate body which
is projected posteriorly. Although similar in morphology, the
quadrate articular heads in mugilids ends in several projections
dorsally oriented (Froese and Pauly, 2019) not observed in the
fossils from TT-1.
4.1.3. Clade Lissamphibia Haeckel, 1868

4.1.3.1. Order Anura Fischer von Waldheim, 1813

4.1.3.1.1. Family Calyptocephalellidae Reig, 1960
4.1.3.1.1.1. Genus Calyptocephalella Dum�eril and Bibron, 1841

4.1.3.1.1.1.1. Calyptocephalella gayi Dum�eril and Bibron, 1841
(Fig. 3AeH, Table 1, Appendix B)

C. gayi is the most abundant taxon recovered in TT-1, with 840
identified specimens. Nearly half of the sample (48%) correspond to
cranial elements.

Dermatocranium fossils show the typical exostosic ornamenta-
tion seen in C. gayi, with the presence of pits in immature in-
dividuals (Parker, 1881; Reinbach, 1939), bars in post-metamorphic
individuals and tubercles in adults (Fig. 3AeC). Most of the speci-
mens preserve its articulation plates (tonguelike process) that ar-
ticulates with the nasal and squamosal. In ventral view, foramina
for the entrance and exit of the occipital arteria, “Reinbach” channel
and lamina perpendicularis are observed. Maxillae bones, which
constitutes the orbital and temporal fenestra rim, are also well
preserved. In the outer area of the pars dentalis, an almost complete
dentition (excepting the posterior area) along the maxillae is
observed, a typical trait of C. gayi. The sphenoid is anteriorly
expanded, starting from the nasal capsule to the anterior border of
the orbit in its most posterior portion. In dorsal view exhibits a “V-
shaped” notch for the frontoparietal joint which is separated by a
keel. In ventral view it is possible to observe the marks left by the
parasphenoid in the anterolateral border (Muzzopappa et al., 2016).

Although less represented, bones of the scapular girdle are
present in the assemblage. Some scapulae preserve a crest or ten-
uitas cristaeformi located in the anterior border, which is diagnostic
of C. gayi (Muzzopappa et al., 2016) (Fig. 3F). Pelvic girdle fossils
also represent different ontogenetic stages, with the ilion as one of
the most diagnostic bones among the anurans (Bever, 2005; G�omez
and Tuzzarini, 2015). In the ilion analyzed, the iliac ramus presents
a high dorsal crest, which expands from the base of the dorsal
prominence to almost two-thirds of the anterior axis. The dorsal
tubercle is high and its border is located near to the terminal rim of
the acetabulum (Muzzopappa et al., 2016). Finally, the acetabular
rim is high and limits with the pre-acetabular area, which possesses
a near 90� angle with respect to the iliac ramus (Fig. 3H).

Regarding limb bones, humeri, radius-ulna, femora, tibia-fibula,
tibiae, and fibulae were identified. Among these, the humerus is
particularly diagnostic of the species. The distal epiphysis presents
a marked lateral and medial expansion of its ulnar and radial epi-
condyles, and a humeral sphere which possess a diameter that
exceeds the half of its distal breath. The humeral sphere is also
laterally displaced from the longitudinal axis of the diaphysis
(Muzzopappa et al., 2016; Otero et al., 2014; Suazo-Lara et al., 2017,
2018). The humerus is more robust than other anuran species and
possesses a well-developed deltoid crest. In spite of the fact that
this feature has been reported also in Telmatobius sp., the humerus
in the species of this genus exhibits a big lateral crest and promi-
nence in the proximal border of the deltoid crest, which is not
observed in the specimens analyzed (Suazo-Lara et al., 2018)



Fig. 2. Remains of Odontesthes sp. from Taguatagua 1 site. Left preoperculum fragment SGO.PV.25,165 in lateral external (A1) and lateral internal (A2) views. Vomer fragment
SGO.PV.24,782-e in dorsal (B1), ventral (B2) and frontal (B3) views. Vomer fragment SGO.PV.24,782-f in dorsal (C1), ventral (C2) and frontal (C3) views. Quadrate fragment
SGO.PV.24,782-d in lateral internal (D1) and lateral external (D2) views. Quadrate fragment SGO.PV.25,280-b in lateral internal (E1), frontal (E2) and lateral external (E3) views.
Scale bars: A1-A2 ¼ 20 mm, B1-E3 ¼ 10 mm.
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(Fig. 3G). A total of 92 individuals were estimated to be present in
the assemblage. The sample includes both cranial and postcranial
bones at different ontogenetic stages (larvae, juvenile, and adult)
following Gosner (1960). The age profiles suggest mainly larvae
individuals (%MNI ¼ 67,4), and fewer juveniles (%MNI ¼ 17,4) and
adults (%MNI ¼ 15,2).
4.1.3.1.2. Family Bufonidae Gray, 1825
4.1.3.1.2.1. Genus Rhinella Fitzinger, 1826

4.1.3.1.2.1.1. Rhinella sp. (Fig. 3I, Table 1, Appendix B)
Only one complete scapula from an adult individual was iden-

tified (MNI¼ 1). The specimen is almost indistinguishable from the
extant Rhinella spinulosa and Rhinella arunco reference specimens.
The elements of the scapular girdle lack diagnostic features among
the Bufonidae, nevertheless the spinulosa group presents a short
and wide scapula (Tihen, 1962) and lacks an anterior lamina,
anteriorly projected, a trait that is observed in
Calyptocephalellidae.
4.1.4. Class Reptilia Laurenti, 1768

4.1.4.1. Order Squamata Oppel, 1811

4.1.4.1.1. Family Dipsadidae Bonaparte, 1838
4.1.4.1.1.1. Genus Philodryas Wagler, 1830

4.1.4.1.1.1.1. cf. Philodryas sp. (Fig. 3J-L, Table 1, Appendix B)
The studied material includes three pre-cloacal vertebrae and

one caudal vertebra (Fig. 3J-L). All the specimens have strong pro-
coely in the centrum, with circular articular faces in the cotyla and
condyle. The neural arch is laterally expanded and the zygapoph-
yses are horizontal. The neurapophysis is broken in all specimens,
although the base can be observed, which is thin and reaches the
zygantrum. There are lateral and paracotylar foramina in the
centrum. In the pre-cloacal vertebrae, the diapophysis and para-
pophysis are located in the anteroventral border of the centrum,



Fig. 3. Selected anurans and reptiles remains from Taguatagua 1 site. Callyptocephalella gayi, cranial and postcranial remains (AeH). Frontoparietals from different ontogenetical
stages; SGO.PV.24,218 in dorsal (A1) and ventral (A2) views; SGO.PV.26,469 in dorsal (B1) and ventral (B2) views and SGO.PV.24,369 in dorsal (C1) and ventral (C2) views. Dorsal
vertebra VI SGO.PV.24,190-a in anterior (D1) dorsal (D2) and posterior (D3) views. Dorsal vertebra II SGO.PV.24,190-b in posterior (E1) and dorsal (E2) views. Left scapula
SGO.PV.24,191 in dorsal (F1) and ventral (F2) views. Left humerus SGO.PV.23,923 in anterior (G1), medial (G2), posterior (G3) and lateral (G4) views. Right ilium SGO.PV.23,945 in
lateral (H1) and dorsal (H2) views. Rhinella sp., right scapula SGO.PV.20,638 in dorsal (I1) and ventral (I2) views. cf. Philodryas sp. axial remains (JeL). Precloacal vertebra
SGO.PV.25,221 in anterior (J1), dorsal (J2), posterior (J3), left lateral (J4) and ventral (J5) views. Precloacal vertebra SGO.PV.26,019 in anterior (K1), dorsal (K2), posterior (K3), right
lateral (K4) and ventral (K5) views. Caudal vertebra SGO.PV.25,222 in anterior (L1), dorsal (L2), posterior (L3), left lateral (L4) and ventral (L5) views. Scale bars: A1-H2 ¼ 40 mm; I1,
I2 ¼ 20 mm; J1-L5 ¼ 10 mm.
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Fig. 4. Birds remains from Taguatagua 1 site. cf. Lophonetta specularioides, left proximal
humerus SGO.PV.23,279 in caudal (A1) and cranial (A2) views. Anas cf. A. flavirostris,
right tarsometatarsus SGO.PV.26,347 in dorsal (B1) and plantar (B2) views and
SGO.PV.26,348 in dorsal (B3) and plantar (B4) views. Anas cf. A. georgica, left humerus
SGO.PV.26,350 in caudal (C1) and cranial (C2) views. Columbidae indet., left proximal
humerus SGO.PV.20,203 in caudal (D1) and cranial (D2) views. Zenaida sp., left distal
tarsometatarsus SGO.PV.26,353 in cranial (E1) and plantar (E2) views. Fulica cf.
F. rufifrons, left coracoid SGO.PV. 20181 in dorsal (F1) and ventral (F2) views. Fulica cf.
F. armillata, right proximal tarsometatarsus SGO.PV.20,182 in dorsal (G1) and plantar
(G2) views. Podiceps major, left coracoid SGO.PV.23,227 in dorsal (H1) and ventral (H2)
views and right tarsometatarsus SGO.PV.20,166 in dorsal (I1) and plantar (I2) views.
Geranoaetus melanoleucus, right distal tibiotarsus SGO.PV.26,354 in cranial (J1), caudal
(J2) and distal (J3) views. Milvago cf. M. chimango, right proximal tarsometatarsus
SGO.PV.23,203 in dorsal (K1), proximal (K2) and plantar (K3) views. Scale
bar ¼ 10 mm.
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being the parapophysis anteriorly displaced respect to the dia-
pophysis (Fig. 3J and K). The haemal keel extends along the entire
length of the centrum. The combination of strong procoely in the
vertebral centrum, haemal keel, expanded neural arches and
presence of zygosphene-zygantrum articulation in the latter are
typical characters of ophidians (Rage, 1984). The specimens also
present an elongated vertebral centrum in a cranio-caudal sense, a
well-developed condyle with circular shape in articular view,
subhorizontal zygapophyses and well developed prezygapophyseal
processes, which are typical traits of the clade Colubroides
(Holman, 2000; Rage, 1984). The absence of a well-developed
hypapophysis in the precloacal vertebrae allows to discard the
assignment of the specimens to the families Elapidae and Viperidae
(Albino, 1989; Rage, 1984) and suggests that these may belong to a
‘colubrid’ grade snake. The fossil material from TT-1 shares some
features with Philodryas chamissonis, but no with Tachymenis chi-
lensis, such as a higher neural arch (including an oval neural canal in
articular view), a craniocaudally shorter neural spine, and the
presence of a bigger prezygapophyseal process which are
anterolaterally oriented. Due to the difficulty for making a more
extensive comparisonwith the vast diversity of colubroides and the
complicated taxonomy which is in constant flux (Grazziotin et al.,
2012; Zaher et al., 2009, 2019) the fossils are conferred tenta-
tively to Philodryas genus. MNI ¼ 1 is estimated.

4.1.5. Class Aves Linnaeus, 1758

4.1.5.1. Order Anseriformes Wagler, 1830
4.1.5.1.1. Family Anatidae Leach, 1819
4.1.5.1.1.1. Genus Lophonetta Riley, 1914

4.1.5.1.1.1.1. cf. Lophonetta specularioides King, 1828 (Fig. 4A,
Table 1, Appendix B)

So far, only two proximal humerus portions have been identified
for this taxon. Among the shared features between both fossil
fragments and the humerus of Lophonetta specularioides are: a
deep, rounded and mediocaudally oriented fossa pneumotricipitalis
ventralis, which in its interior has multiple foramina, a feature that
is common in anatids (Worthy, 2004); the tuberculum centrale is
robust and acute proximally and wide distally; the crus dorsale is
well marked; the incisura capitis is deep, short and wide, as in other
members of Anatinae (Tonni, 1969; Woolfenden, 1961), and it is
partially covered by the caudal end of the caput humeri. In both
fossil and reference specimens, the caput humeri is rounded and
well developed and the sulcus ligamentous transversus is broad
proximodistally and slightly extended dorsoventrally. The fossa
pneumotricipitalis dorsalis is excavated below the humeral head,
which is a feature that has been observed in Lophonetta genus (De
Mendoza and Tambussi, 2019). Additionally, the capital groove is
mediocaudally oriented and the tuberculum dorsale is reduced and
elongated, which are also features described in Lophonetta
(Campbell, 1973). Although there is high osteological homogeneity
within Anatidae family (Zelenkov, 2010; Zelenkov and Kurochkin,
2012), the morphology and proportions of the fossil specimens
are practically indistinguishable from L. specularioides but different
to other anatines (e.g. Anas flavirostris, Anas georgica, Anas pla-
tyrhynchos, Oxyura spp.). Due to this, the remains are tentatively
conferred to Lophonetta specularioides. MNI ¼ 1 is estimated.

4.1.5.1.1.2. Genus Anas Linnaeus, 1758
4.1.5.1.1.2.1. Anas cf. A. flavirostris Vieillot, 1816 (Fig. 4B, Table 1,

Appendix B)
Three specimens are assigned to this taxon, including two

complete right tarsometatarsi and a proximal half of a right
tarsometatarsus. The fossils present a fossa infracotylaris dorsalis
slightly excavated, which is a typical feature of the Anatidae (Cohen
and Serjeantson, 1986; Gilbert et al., 1981), with a central foramen
proportionally large as it is observed in Anas flavirostris. As in Anas
flavirostris, the specimens have two tuberositas musculi tibialis
cranialis, longitudinally elongated and parallel to each other, of
which the medial is located more proximally than the lateral. The
cotyla medialis is markedly concave and more proximally projected
than the cotyla lateralis; the diaphysis has a nearly quadrangular
section as is described in Anatidae (Worthy et al., 2007); the fora-
men vasculare distale is proportionally large and ellipsoidal in
shape, with its longitudinal axis larger than the transversal one; the
trochlea metatarsi II is inclined plantarly, and it is more proximally
positioned than the trochlea metatarsi IV, not surpassing in exten-
sion to the incisura intertrochlearis medialis, which is between the
trochlea metatarsi II and the trochlea metatarsi IV. These traits of the
trochlea are typical of the diver anatids (Worthy et al., 2007). The
trochlea metatarsi II has a prominent groove, which is a feature
described in Anatinae (Woolfender, 1960). In proximo-plantar view,
four well-defined cristas hypotarsi are observed, which in turn,
generates three sulci. This morphology is also typical among Ana-
tidae (Cohen and Serjeantson, 1986; De Mendoza and Tambussi,
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2019; Gilbert et al., 1981). As in Anas flavirostris, the medial and
intermediate sulcus are partially closed, while the lateral sulcus is
open. Additionally, the length and proportions of the tarsometa-
tarsi is similar to the Anas flavirostris reference specimen, but
different from the tarsometatarsus of Lophonetta specularioides and
Anas georgica.

The fossils are referred to Anas cf. A. flavirostris considering their
indistinguishable morphology and proportions from those of the
reference specimens MNI ¼ 3 is estimated.

4.1.5.1.1.2.2. Anas cf. A. georgica Gmelin, 1789 (Fig. 4C, Table 1,
Appendix B)

Three humeri, one of them complete, are conferred to this taxon.
All the fossils exhibit a straight crista deltopectoralis, with a dorsal
orientation and a short and wide incisura capitis. In addition, the
ventral portion of the fossa pneumotricipitalis presents a large fo-
ramen pneumaticum, composed of many foramina that communi-
cate towards the interior of the bone. These traits permit their
inclusion in the genus Anas (Tonni, 1969; Woolfenden, 1961;
Worthy, 2004). Among the similarities observed between the hu-
merus of reference specimens of Anas georgica and fossil materials
are their proportions and the tuberculum ventrale, which is prox-
imodistally elongated, unlike Lophonetta specularioides in which is
more robust. Also, themorphology of themargo caudalis is identical
to Anas georgica, but is less marked than in L. specularioides, giving
to the diaphysis amore rounded surface. Unlike Anas flavirostris, the
fossil humerus has a marked groove on the ventral surface of the
tuberculum ventrale. In addition, the tuberculum dorsale in the hu-
merus of A. flavirostris is rounded at its distal edge, while it is acute
in the fossil specimen. Also, the fossa musculi brachialis extends less
proximally in the fossil humerus than in the A. flavirostris humerus.
The almost indistinguishable morphology between the fossil ma-
terials and the referencematerial allow us to confer them to Anas cf.
A. georgica. MNI ¼ 2 is estimated.
4.1.5.2. Order Podicipediformes Fürbringer, 1888

4.1.5.2.1. Family Podicipedidae Bonaparte, 1831
4.1.5.2.1.1. Genus Podiceps Latham, 1787

4.1.5.2.1.1.1. Podiceps major Boddaert, 1783 (Fig. 4H and I, Table 1,
Appendix B)

An incomplete right tarsometatarsus and a left coracoid are
identified as belonging to great grebes. The hypotarsus exhibits
three bony channels that form a “V”. Two of them are small and the
third is comparatively larger and located in the middle of this
feature, although slightly displaced dorsomedially. This particular
arrangement is diagnostic of Podicipediformes (Gilbert et al., 1981).
On the other hand, the crista medialis hipotarsi and the crista lat-
eralis hipotarsi are markedly projected and delimit a deep sulcus
hipotarsi, a feature also diagnostic of the Podicipedidae (Mayr,
2004). The foramen vasculare distale is proportionally large and
the facets of the trochlea in cranial view do not present grooves but
are rounded, which are diagnostic features of the order Podicipe-
diformes (Gilbert et al., 1981). Finally, one of the specimens pre-
serves part of the diaphysis, which is mediolaterally compressed
and is rhomboidal in cross section, which is typical in Podicipedidae
(Ch�eneval and Escuilli�e, 1992).

Among the diagnostic features in the coracoid of the Podicipe-
diformes are the absence of a procoracoid processus and the
rounded shape of the diaphysis in the area that constitutes the
trioseus channel (Gilbert et al., 1981). Both in the coracoid of
reference specimens of Podiceps major and in the fossil specimen,
the surface of the facies articularis sternalis expands both to the
dorsal (in which it has a semicircular shape) and ventral surface (in
which the highest edge it is locatedmedially), giving to the coracoid
a structure that is inserted into the sulcus articularis coracoideus of
the sternum, which has a pocket-shape (Baumel and Witmer,
1993).

Both, the coracoid and the tarsometatarsus, have the same size
as the reference specimen of Podiceps major, which is the largest
extant grebe present in Chile reaching a maximum length between
70 and 78 cm (Jaramillo, 2005). MNI ¼ 1 is estimated.

4.1.5.3. Order Columbiformes Latham, 1790

4.1.5.3.1. Family Columbidae, Illiger 1811
4.1.5.3.1.1. Genus Zenaida Bonaparte, 1838

4.1.5.3.1.1.1. Zenaida sp. (Fig. 4E, Table 1, Appendix B)
A distal tarsometatarsus is assigned to this taxon. It can be

grouped within the Columbidae based on the presence of a broad
and well-marked fossa metatarsi I that surpasses the medial border
of the facies dorsalis, and the marked medial inflection of the
trochlea metatarsi II (Worthy and Wragg, 2008). As in the tarso-
metatarsus of Zenaida meloda and Zenaida auriculata, in the plantar
surface of the fossil fragment, the terminal section of the crista
medialis is observed, which flanks the medial edge of the fossa
metatarsi I. Although the proportions and morphology are similar
to those observed in Zenaida meloda, the morphology of this
element also resembles that observed in Zenaida auriculata. Based
on the morphological similarity with the comparative specimens,
the fossil is referred to Zenaida sp. MNI ¼ 1 is estimated.

4.1.5.3.1.1.2. Columbidae indet. (Fig. 4D, Table 1, Appendix B)
A proximal fragment of a left humerus is referred to an unde-

termined Columbiformes. The fossil has a deep and wide capital
groove and a prominent deltoid crest, typical features of Colum-
biformes (Cohen and Serjeantson, 1986). Among the characteristics
of Columbidae present in the fossil are: a caput humeri markedly
convex proximally; a tuberculum dorsale elongated and merged
with the caput humeri medially; a fossa pneumotricipitalis very
pneumatic, large, rounded and caudally oriented. Also, the crista
deltopectoralis is marked and short, approximately triangular and
oriented anterodorsally, and the impressio coracobrachialis is poorly
marked (Cohen and Serjeantson, 1986; Worthy and Wragg, 2008).

According to its size, the specimen belongs to a columbiform
larger than the species Zenaida auriculata, Zenaida meloda, Colum-
bina cruziana, Metropelia aymara and Columba livia used as refer-
ence specimens. This difference in size suggests that the element
could belong to the genus Patagioenas, since it is the largest
columbiform currently present in Chile (Couve et al., 2016;
Martínez-Pi~na and Gonz�alez-Cifuentes, 2017). MNI ¼ 1 is
estimated.

4.1.5.4. Order Gruiformes Bonaparte, 1854
4.1.5.4.1. Family Rallidae Rafinesque, 1815
4.1.5.4.1.1. Genus Fulica Linnaeus, 1758

4.1.5.4.1.1.1. Fulica cf. F. rufifrons Philippi and Landbeck, 1861
(Fig. 4F, Table 1, Appendix B)

The sample includes only one coracoid. It presents a tuberculum
brachiale not undercut, a pronounced processus procoracoideus
which extends further medially than the processus acrocoracoideus,
a large and deep cotyla scapularis, a facies articularis humeralis
rounded, about as wide as long, which flares strongly laterally, and
an impressio musculi sternocoracoidei deep and very anteriorly
extended. These are diagnostic traits of the family Rallidae (Boles,
2005). The morphology of the fossil coracoid is similar to those
observed in Fulica rufifrons, since the coracoid in this species has a
narrower diaphysis than both Fulica leucoptera and Fulica armillata,
and an extremitas omalis smaller than F. armillata and Fulica leu-
coptera. In medial view, the processus acrocoracoideus has a straight
proximal edge of the facies articularis clavicularis, which is convex
in F. leucoptera and F. armillata. In addition, the tuberculum brachiale



Fig. 5. Marsupial and selected rodents remains from Taguatagua 1 site. Thylamys sp.,
right mandible SGO.PV.22,252 in lateral (A1) and medial (A2) views. Myocastor coypus,
cranial and postcranial remains (BeD). Right p4 SGO.PV.2003-C in occlusal (B1) and
posterior (B2) views. Left calcaneus SGO.PV.25,626 in plantar (C1) and medial (C2)
views. Right tibia SGO.PV.25,628 in medial (D1) and caudal (D2) views. Octodon degus,
cranial remains (EeF). Left maxilla SGO.PV.20,109 in lateral (E1), medial (E2) and
occlusal (E3) views. Right mandible SGO.PV.20,122 in lateral (F1), medial (F2) and
occlusal (F3) views. Octodon bridgesii, cranial remains (GeH). Left dentary
SGO.PV.25,531 in lateral (G1), medial (G2) and oclusal (G3) views. Right M1
SGO.PV.20,119 in occlusal (H1) and palatal (H2) views. Octodon cf. O. lunatus, left
mandible SGO.PV.25,641 in lateral (I1), medial (I2) and occlusal (I3) views. Spalacopus
cyanus, right mandible SGO.PV.20,121 in medial (J1), lateral (J2) and occlusal (J3) views.
Aconaemys fuscus, left mandible SGO.PV.2015 in lateral (K1), medial (K2) and occlusal
(K3) views. Abrocoma bennettii, left mandible SGO.PV.25,637 in lateral (L1), medial (L2)
and occlusal (L3) views. Scale bars: A1, A2 and H1, H2 ¼ 5 mm. C1, C2 ¼ 20 mm. D1,
D2 ¼ 30 mm. B1, B2, E1- G3, I1 e L3 ¼ 10 mm.
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is very little developed and, in lateral view, the cotyla scapularis is
slightly excavated, in contrast to F. leucoptera and F. armillata, in
which it is deeply excavated (Cenizo et al., 2015). MNI ¼ 1 is esti-
mated.4.1.5.4.1.1.2. Fulica cf. F. armillata Vieillot 1817 (Fig. 4G,
Table 1, Appendix B)

One right metatarsus of the Red gartered coot was identified. In
proximal view, the hypotarsus has an elongated triangular shape. In
plantar view, two sulci hypotarsi are observed and the crista lateralis
hypotarsi is prominent and is extended distally. All the features are
diagnostic of the family Rallidae (Boles, 2005). Also, the fossil ex-
hibits a large and distinct tuberositas musculi tibialis cranialis, which
shows a flat dorsal surface, a common feature of the genus Fulica.
The almost indistinguishable morphology between the fossil and
the tarsometatarsus of the reference specimens of red gartered coot
suggests its inclusion in this species. MNI ¼ 1 is estimated.

4.1.5.5. Order Accipitriformes Vieillot, 1816
4.1.5.5.1. Family Accipitridae Vigors, 1824
4.1.5.5.1.1. Genus Geranoaetus Kaup, 1844

4.1.5.5.1.1.1. Geranoaetus melanoleucus Vieillot, 1819 (Fig. 4J,
Table 1, Appendix B)

The sample is composed only by a distal end of a right tibio-
tarsus. As with most accipitrids, this bone is craniocaudally narrow
(Manegold et al., 2014). Both in the fossil and the reference spec-
imen of black-chested buzzard-eagle, the pons supratendineus is
robust and is oriented diagonally with respect to the longitudinal
axis of the element, as in other accipitrids (Manegold et al., 2014).
The sulcus extensorius deepens distally and continues with the
canalis extensorius, which is arranged medially with respect to the
former. The sulcus intercondylaris is well marked and broad medi-
olaterally. The distal border of the condylus medialis is slightly more
distally extended than the condylus lateralis. Additionally, the size
and proportions are comparable to those of the tibiotarsus of Ger-
anoaetus melanoleucus, but different respect to the Geranoaetus
polyosoma and Parabuteo unicinctus used as a reference. MNI ¼ 1 is
estimated.

4.1.5.6. Order Falconiformes Sharpe, 1874
4.1.5.6.1. Family Falconidae Leach, 1820
4.1.5.6.1.1. Genus Milvago Spix, 1824

4.1.5.6.1.1.1. Milvago cf. M. chimango Vieillot, 1816 (Fig. 4K, Table 1,
Appendix B)

So far, only a proximal fragment of right tarsometatarsus
assigned to this taxon is identified. The bone is referred to the
Falconidae according to the presence of a crista medialis hypotarsi,
straight andwell developed, which continues distally on themedial
aspect of the diaphysis as a crista medialis planaris. In Accipitridae
this feature is less marked and more medially located (Cenizo and
Tassara, 2013; Noriega et al., 2011). Additionally, the tuberositas
musculi tibialis cranialis is not well developed, the crista lateralis
hipotarsi is reduced and the fossa parahypotarsalis medialis (the area
where themusculi flexor hallucis brevis is inserted) is confined to the
medial surface of the tarsometatarsus, whereas in Accipitridae it is
more centrally located (Cenizo and Tassara, 2013). In addition, the
fossil presents several features that are indistinguishable from
those present in the tarsometatarsus of the falconid Milvago chi-
mango: the tuberositas m. t. cranialis is relatively short and is located
near the medial edge of the diaphysis; the fossa infracotylaris dor-
salis is very broad and well excavated, covering most of the
diaphysis; the sulcus extensorius is marked and extends distally;
both the cotyla medialis and the cotyla lateralis have concave
articular surfaces and are separated by a prominent and round
eminentia intercotylaris and the crista lateralis hypotarsi is dorso-
ventrally flattened and latero-caudally oriented. MNI ¼ 1 is
estimated.
4.1.6. Class Mammalia Linnaeus, 1758

4.1.6.1. Infraclass Marsupialia Illiger, 1811
4.1.6.1.1. Order Didelphimorphia Gill, 1982
4.1.6.1.1.1. Family Didelphidae Gray, 1821
4.1.6.1.1.1.1. Genus Thylamys Gray, 1843

4.2.6.1.1.1.1.1. Thylamys sp. (Fig. 5A, Table 1, Appendix B)
A single mandibular fragment is assigned to this marsupial. In

this specimen, the horizontal ramus or dentary is anteroposteriorly
elongated with an inflected lower border, as graceful as observed
on Thylamys. The coronoid process and the mandibular condyle are
incomplete, and the retromolar space is imperforate, notorious and
larger than observed in didelphini members such as Chironectes,
Didelphis, Metachirus and Philander. The masseteric fossa is well
developed, more pronounced and acuminate than observed in
Marmosa and Marmosops, and more acuminate anteriorly than
Monodelphis. The angular process is broken, but it was probably
projected straight towards medial. No mental foramina are pre-
served. The m3 and m4 are compressed labio-lingually, with a
talonid higher than the trigonid, and are almost identical in its
antero-posterior length. The hypoconid of the m3 is labially salient,



Fig. 6. Gomphotheriidae indet. remains from Taguatagua 1 site. Maxillary fragment SGO.PV.241 in left lateral (A1) and caudal (A2) views. Mandible SGO.PV.242-b in left lateral (B1)
and cranial (B2) views. Detail of right P4-M1 SGO.PV.241, in occlusal view (C). M1 SGO.PV.26,520 in occlusal view (D). Thoracic vertebrae SGO.PV.247 in cranial (E1), lateral (E2),
caudal (E3) and dorsal (E4) views. Left and right pelvis SGO.PV.243-a and b in caudal (F1eF2) and lateral (F3eF4) views. Unfused femoral head SGO.PV.244-b in proximal and distal
views. Left distal tibia in distal (H1), cranial (H2) and caudal (H3) views. Left distal fibula SGO.PV.244-a in medial (I1) and lateral views (I2). Left astragalus SGO.PV.244-e in dorso-
distal (J1), ventro-proximal (J2), proximal (J3) and distal (J4) views. Tarsal sesamoid SGO.PV.244-c in dorsal (K1) and plantar (K2) views. Unfused fourth? metatarsal SGO.PV.244-d in
dorsal (L1) and plantar (L2) views. Scale bar for A1-B2, E1-E4 and G1-J4 ¼ 10 cm. Scale bar for C, D and K1-L2 ¼ 5 cm. Scale bar for F1eF4 ¼ 20 cm.
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like in most opossums. The entoconid of the m3 is well developed
compared with the hypoconid, and larger than the hypoconulid.
Both m3 and m4 fossil material are equal in size and morphology
compared with the extant T. elegans reference specimen. The m2
alveolus suggests a similar size between the m2 and m3. The
SGO.PV.22,252 feature set allows to assign the material to didel-
phidae genus Thylamys, but more diagnostic features are necessary
to get a specific assignment. MNI ¼ 1 is estimated.

4.1.6.2. Infraclass Placentalia Owen, 1837
4.1.6.2.1. Order Proboscidea Illiger, 1881
4.1.6.2.1.1. Family Gomphotheriidae Cabrera, 1929

4.1.6.2.1.1.1. Gomphotheriidae indet (Fig. 6, Table 1, Appendix B)
Nineteen proboscidean fossils were recovered, including six

molar fragments, three cranial fragments, a mandible, both pelvis, a
thoracic vertebra, a femoral head, a distal right tibia, a distal right
fibula, a right astragalus, ametatarsal IV? and a tarsal sesamoid. The
wearing stages observed in the maxillar with its left and right P4
very worn, without any figure and both M1 with advanced wear in
first and second lophs (Fig. 6C), suggests an age-at-death of
12,5e22 years according toMoth�e et al. (2010). A second individual,
probably a young individual, is represented by an isolated frag-
mented M1 (Fig. 6D). The mandible, without teeth, has a portion of
the m3 alveolus above the ramus, which suggest that this dental
piece may not have completely erupted (Fig. 6B). Considering the
sexual dimorphism indicated for the family Gomphotheriidae
(Labarca, 2020; Moth�e et al., 2010), the distal transvrse diameter of
the tibia suggests that it belonged to a male (Fig. 6H). All the distal
tibia, distal fibula, and astragalus articulate with each other, but the
relation with the cranial fragments is not clear (Fig. 6H-J). The



Fig. 7. Canids and Cervids remains from Taguatagua 1 site. Lycalopex culpaeus, right dentary fragment SGO.PV.25,081 in labial (A1), occlusal (A2) and lingual (A3) views. Cervidae
indet., cranial and postcranial remains (BeF). Left maxilla SGO.PV.25,050e1 in labial (B1), occlusal (B2), lingual (B3) views. Left dentary fragment SGO.PV.25,050e5 in labial (C1),
occlusal (C2) and lingual (C3) views. Left coronoid process SGO.PV.25,050e7 in labial (D1), dorsal (D2) and lingual (D3) views. Left SGO.PV.25,050e4 and right SGO.PV.25,050-2-3
m1 in labial (E1, F1), occlusal (E2, F2) and lingual (E3, F3) views respectively. Right dentary fragment SGO.PV.25,050e6 in labial (G1) and lingual (G2) views. Proximal left radius
SGO.PV. 25050e8 in cranial (H1) and posterior (H2) views. Proximal left ulna SGO.PV. 25050e9 in cranial (I1), lateral (I2) and anterior (I3) views. Antifer ultra, antler remains (JeM).
Proximal fragment of an antler SGO.PV.25,054, in medial (J1) and lateral (J2) views. Basal fragment of an antler’s second tine SGO.PV.25,052 in medial (K1) and lateral (K2) views.
Pedicle of an antler SGO.PV.25,051 in medial (L1) and lateral (L2) views. Nearly complete right antler SGO.PV.26,045 in medial (M1) and lateral (M2) views. Scale bar for A ¼ 5 cm.
Scale bar for B-D, G-I ¼ 10 cm. Scale bar for E-F ¼ 5 cm. Scale bar for J-L ¼ 20 cm. Scale bar for M ¼ 40 cm.
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remains are assigned only at the family level since all the diagnostic
features defined for the two recognized genera of gomphotheres in
South America, Cuvieronius and Notiomastodon (Moth�e et al., 2017),
are located mainly in the skull and tusks (Alberdi et al., 2002;
Moth�e et al., 2017). MNI ¼ 2 is estimated.
4.1.6.2.2. Order Carnivora Bowdich, 1821
4.1.6.2.2.1. Family Canidae Fischer De Waldheim, 1817
4.1.6.2.2.1.1. Genus Lycalopex Burmeister, 1854

4.1.6.2.2.1.1.1. Lycalopex culpaeus Molina, 1782 (Figs. 7A and 9A,
Table 1, Appendix B and C)

Only a posterior segment of a right mandible of an adult canid
was recovered. It has no teeth and only the alveoli of m1-m3 and
the posterior alveolus of p4 are preserved. The metric analysis
suggests that the mandible exhibits a size smaller than Dusycion
avus Burmeister from Patagonia, being compatible with the genus
Lycalopex (Fig. 9A, Appendix C). It has been suggested that
L. culpaeus has an average size and weight greater than Lycalopex
griseus (Iriarte, 2008). The metric data used as comparison agrees
with the above and allows the inclusion of the fossil specimen in
L. culpaeus. MNI ¼ 1 is estimated.
4.1.6.2.3. Order Perissodactyla Owen, 1848
4.1.6.2.3.1. Family Equidae Gray, 1821
4.1.6.2.3.1.1. Genus Hippidion Owen, 1869



Fig. 8. Remains of Hippidion principale from Taguatagua 1 site. Right unfused femur SGO.PV.246-a. In proximal (A1), cranial (A2), medial (A3), caudal (A4), lateral (A5) and distal (A6)
views. Proximal unfused tibia SGO.PV.25,555 in proximal (B) view. Right astragalus TT-58 in dorsal (C1), medial (C2), plantar (C3), lateral (C4), proximal (C5) and distal (C6) views.
Right calcaneus TT-67 in dorsal (D1), medial (D2), plantar (D3), lateral (D4), proximal (D5) and distal (D6). Proximal right metacarpal II SGO.PV.25,554 in medial (E1) and lateral (E2)
views. Right tarsal III SGO.PV.26,043 in distal (F1) and proximal (F2) views. Right tarsal III SGO.PV.26,044 in proximal (G1) and distal (G2) views. Central tarsal SGO.PV.26,042 in
proximal (H1) and distal (H2) views. Proximal sesamoid SGO.PV.25,556 in lateral (I1) and dorsal (I2) views. Right metatarsal III SGO.PV.246-b in proximal (J1), dorsal (J2), medial (J3),
plantar (J4), lateral (J5) and distal (J6). Diaphysis and proximal right metatarsal IV SGO.PV.25,558 in medial (K1) and lateral (K2) views. Proximal right metatarsal IV SGO.PV.25,557
in medial (L1) and lateral (L2) views. Scale bar ¼ 10 cm.
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4.1.6.2.3.1.1.1. Hippidion principale Lund, 1846 (Figs. 8 and 9C,
Table 1, Appendix B and D)

Eleven bones are referred: an unfused right femur, a proximal
tibial epiphysis, a right astragalus, a right unfused calcaneus, a right
proximal metacarpal II, a right central tarsal, two tarsal III, right
complete metatarsal III, two proximal right metatarsals IV, and a
proximal metacarpal II. The presence of an unfused femur and a
tibia suggests an age-at-death of 3e3,5 years, according to epiph-
yseal fusion in Equus ferus caballus (Silver, 1963). Tarsals and
metatarsal III articulate each other. The specimens belong to equids
considering the presence of a well-developed metatarsal III and the
presence of a small rudimentary metacarpal IV. Particularly, in the
proximal tibial epiphysis, the lateral intercondylar tubercle is
slightly cranially projected and is located comparatively more
posterior than the medial tubercle (that is, they are not aligned)
(Fig. 8B). In a E. ferus caballus comparative specimen, both tubercles
are aligned. The medial tubercle is a well-defined cranial projec-
tion, rounded and clearly separated from the lateral tubercle by a
pronounced oval fossa, oriented obliquely. This fossa is noticeably
smaller in Equus. Another interesting feature was observed in both
tarsal III since distally they show only one single irregular facet for
the metatarsal III (Fig. 8F and G). The morphology of the facet is
unusual given that in E. caballus the distal surface is divided into
two facets.

The size and robustness of the specimens analyzed suggest the
presence of a Hippidion species. Some unusual features not seeing



Fig. 9. Measurements of different Canidae mandibles and SGO.PV.25,081; Alv m1 w: width of the alveolus of the m1; Mand h: height of the mandible behind m1 (A). Measurements
of different Cervidae mandibles and SGO.PV.25,050e4; m1L: length of m1; m1W: width of m1 (B). Principal component analysis considering metatarsal III measurements.
Component 1 explains 96,78% of the variance. See Appendix D for data employed (C). Diagram of NISP and NTAXA (D). Data taken from Table 1.
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in Equus (i.e. the situation of the intercondylar tubercles, the
morphology of the distal facet of tarsal III) deserve further study in
order to evaluate its taxonomic significance. The PCA conducted
with measurements from the metatarsal III (Appendix D), clearly
allows its inclusion in H. principale (Fig. 9C). These results agree
with previous osteometric analysis performed by Alberdi and
Frassinetti (2000). Considering the epiphyseal fusion and its later-
ality, most of the material described belongs to the rear limb of a
young single individual. A second individual is represented in the
assemblage by fewer elements.
4.1.6.2.4. Order Artiodactyla Owen, 1848
4.1.6.2.4.1. Family Cervidae Gray, 1821
4.1.6.2.4.1.1. Genus Antifer Ameghino, 1889

4.1.6.2.4.1.1.1. Antifer ultra Ameghino, 1889 (Fig. 7J-M, Table 1,
Appendix B, E)

Three antler fragments and a nearly complete antler were
recovered. Themost complete specimen has a subcircular basewith
the burr surrounded by small tubercles (Fig. 7M). The pedicle is
straight until it reaches the first tine, which is almost perpendicular
to the beam axis. The first ramification is bifid and compressed. The
lower tip is smaller than the upper, probably due to its usage. After
the first tine, the beam becomes transversally compressed. The
second tine is obliquely oriented to the beam. The beam continues
with a sub-quadrangular section until it reaches the third and
fourth tine. The antler is covered by numerous parallel striae and
grooves. All the fossil antlers share the same general morphology.
These characters have been proposed for A. ultra (Alcaraz, 2010;
Labarca and Alcaraz, 2011). The measurements obtained point out
in the same direction since are consistent with each other and
compatible with metrical data from Labarca and Alcaraz (2011)
(Appendix E). MNI ¼ 1 is estimated.4.1.6.2.4.1.2. Cervidae indet.
(Fig. 7BeI, 9B, Table 1, Appendix B and F)

Nine specimens were identified including a left maxillary
portion, three mandibular fragments, left and right m1, a left radius
diaphysis, a proximal left ulna and a distal diaphysis of a radius. The
maxilla retains the Dp3 and Dp4 (Fig. 7B). The occlusal surface
show typical selenodont features. In the Dp3 the anterior loph is
extended anteroposteriorly. The metastyle is in contact with the
labial segment of the posterior loph. Dp4 exhibits a mesoestyle
labially projected, more developed than the parastyle. The proto-
cone is angled. In the complete m1 (Fig. 7E), the anterior lophid is
extended anteroposteriorly. The posterior lophid is more angled
than the anterior. The metastylid and the parastylid are projected
lingually, although the latter is less pronounced. In the mandible,
the ramus body retains the pd3 and pd4 (Fig. 7C). The pd2 is absent.
The alveolus of m1 is nearly complete and left m1 fits in. The pd3
has three lophid, increasing this size of its from anterior to poste-
rior. It has two ectostylid (anterior and posterior) which are
divergent in orientation. Metastylid and entostylid are well pro-
jected. The pd4 possess an anterior valley well excavated. The
medial valley is smaller than the anterior, triangular, surrounded by
a metaconid and posterocristid well developed. The hypoconid is
also triangular and is connected to the protoconid by a small bridge
(external postprotocristid) due to its wearing. All the molar and
mandibular fragments probably belong to a single element. Ac-
cording to tooth eruption sequence and wear for Dama dama
(Brown and Chapman, 1990), and Cervus elaphus (Azorit et al.,
2002), the mandible could belong to a very young juvenile indi-
vidual, ~4 months old at-the-time-of-death. The postcranial re-
mains (radius and ulna) are unfused proximally (Fig. 7H and I). In



Table 1
Summary of taxa identified from Taguatagua 1 site. *: New taxon for the chilean Pleistocene.

Class Order Family Taxon NISP MNI

Gastropoda Pulmonata Planorbidae Biomphalaria taguataguensis 3 3
Actinopterygii Atheriniformes Atherinopsidae Odonthestes sp.* 5 2

Atherinopsidae indet. 16 3
Actinopterygii indet. 681

Lyssamphibiaþ Anura Calyptocephalellidae Calyptocephalella gayi 840 92
Bufonidae Rhinella sp. 1 1

Anura indet. 559
Reptilia Squamata Dipsadidae cf. Philodryas sp.* 4 1
Aves Anseriformes Anatidae cf. L. specularioides* 2 1

Anas cf. A. flavirostris* 3 3
Anas cf. A. georgica 3 2
Anatidae indet. 105

Podicipediformes Podicipedidae Podiceps major* 2 1
Podicipedidae indet. 2 2

Columbiformes Columbidae Zenaida sp.* 1 1
Columbidae indet. * 1 1

Gruiformes Rallidae Fulica cf. F. rufifrons* 1 1
Fulica cf. F. armillata* 1 1
Rallidae indet. 2

Accipitiformes Accipitridae Geranoaetus melanoleucus* 1 1
Falconiformes Milvago cf. M. chimango* 1 1

Aves indet. 2085
Mammalia Didelphimorphia Didelphidae Thylamys sp.* 1 1

Proboscidea Gomphotheriidae Gomphotheriidae indet. 19 2
Carnivora Canidae Lycalopex culpaeus 1 1
Perissodactyla Equidae Hippidion principale 11 2
Artiodactyla Cervidae Antifer ultra 4 1

Cervidae indet. 9 1
“Megafauna” indet. 283

Rodentia Octodontidae Octodon bridgesii* 4 3
Octodon degus* 51 11
Octodon cf. O. lunatus* 6 4
Aconaemys fuscus* 4 2
Spalacopus cyanus 4 3
Octodon sp. 16 6
Octodontidae indet. 12

Abrocomidae Abrocoma bennettii 2 2
Abrocoma sp. 2 1

Echimyidae Myocastor coypus 11 2
Cricetidae Abrothrix cf. A. longipilis 2 1

Cricetidae indet 8
Rodentia indet. 222

Undetermined bones 1656
Total 6647 160

þ: Not formally ranked. Underlined the extinct or locally extirpated taxa.

R. Labarca et al. / Quaternary Science Reviews 238 (2020) 106282 15
C. elaphus the proximal radius fuses at 8-month-old, so the fossil
specimen belongs to a younger individual.

The measurements obtained for the m1 are larger than those
obtained forHippocamelus bisulcus andHippocamelus antisensis, the
biggest cervids living at present in Chile (Fig. 9B, Appendix F). The
statement above suggests the presence of an extinct form, probably
Antifer considering its record in the same stratigraphic context.
Unfortunately, all the known diagnostic features of this genus are
located in the antlers (Alcaraz, 2010). All the fossils probably belong
to a single very young individual (MNI ¼ 1).
4.1.6.2.5. Order Rodentia Bowdich, 1821
4.1.6.2.5.1. Family Octodontidae Waterhouse, 1839
4.1.6.2.5.1.1. Genus Octodon Bennet, 1832

4.1.6.2.5.1.1.1. Octodon degus Molina, 1782 (Fig. 5E and F, Table 1,
Appendix B)

Fossils of O. degus are common in the sample and include 51
specimens (Table 1). The specimen identified correspond to several
upper (NISP ¼ 13) and lower (NISP ¼ 15) isolated molars, maxillary
fragments (NISP¼ 8), andmandibles (NISP¼ 15). In general, P4-M2
have very shallow mesoflexi, which only occurs in O. degus. This
pattern is observed also in very young individuals of Octodon spp.,
but all the fossils belong to adult individuals (with M3 erupted).
Regarding lower dentition, the fossils are included in O. degus
considering the following traits: a short protoconid, along with a
short mesoflexid and a well-defined globular-like paraconoid.
MNI¼ 11 is calculated.4.1.6.2.5.1.1.2. Octodon bridgesiiWaterhouse,
1845 (Fig. 5G and H, Table 1, Appendix B)

The material assigned to Bridges’s degu consists of two molars
and two mandibles with teeth (p4-m2). The p4, m1, and m2 have a
deep and very broad mesoflexid, feature only observed in
O. bridgesii and O. lunatus; being deeper and broader in the former.
The metaconid, in its posterior wall, presents a more angular form,
shaping the posterior lobe with a square-like figure. Such a pattern
is only seen in O. bridgesii since O. lunatus presents a comparatively
more rounded form (Hutterer,1994). In this fossil, the orientation of
the labial enamel wall extends from the paraconid until it reaches
the protoconid. In O. lunatus forms a straight line, while in
O. bridgesii shows a “breakpoint” in its angle (Hutterer, 1994;
Osgood, 1943; Reise, 1973). All the molariforms present a deep
hyploflexi, with abundant cement, features not seen in O. lunatus.
MNI ¼ 3 is estimated.4.1.6.2.5.1.1.3. Octodon cf. O. lunatus Osgood
(1943) (Fig. 5I, Table 1, Appendix B)

Six specimens are identified: a left mandiblewith teeth included
(p4-m1), two isolated lower molars, a right m1, and a right m2.
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Lower molars, m1 and m2, are conferred to O. lunatus considering
the prolongation, orientation, and shape of their crowns and the
flexids. The protoconid is larger in O. lunatus and exhibits a deeper
mesoflexid. Also, the medial enamel wall that connects the proto-
conid with the paraconid lacks a “break-point” in its contour,
feature only observed in O. degus (Hutterer, 1994). Nevertheless,
careful study of the reference specimens suggests high variability in
the diagnostic traits of O. lunatus, some of them becoming very
close to the observed in O. degus. This situation permits only the use
of an open diagnosis. MNI ¼ 4 is estimated.4.1.6.2.5.1.2. Genus
Aconaemys Ameghino, 18914.1.6.2.5.1.2.1. Aconaemys fuscus
Waterhouse, 1842 (Fig. 5K, Table 1, Appendix B)

Four specimens belong to the Chilean rock rat: a left P4, a right
p4, an unidentified molariform, and a left mandible fragment with
p4. The upper premolar has the typical eight-shape form of the
Octodontoidea superfamily, with two main lobes connected
through a medial bridge (Patton et al., 2015). Both p4 show features
characteristic of Aconaemys genus: the extremely narrow bridge
that separates the hypoflexid andmesoflexid, inwhich both enamel
walls are in contact with each other, and a hypoflexid deeper than
the mesoflexid (Patton et al., 2015). The specimen corresponds to a
p4 because the distal oval lobe is smaller than the mesial triangular
one. The unidentified molariform is broken conserving only an oval
lobe, in which the hypoflexid enamel reaches the wall of the
mesoflexi enamel, without dentine between them. This feature is
diagnostic for the Aconaemys genus. While A. porteri is distin-
guished from its very narrow lobes, with extended paraconids and
metaconids, A. sagei is very similar to A. fuscus in its occlusal
pattern, but the former is smaller (Gallardo and Reise, 1992). Also,
A. sagei has a paracone/paraconid and metacone/metaconid more
extended that A. fuscus, but not as exaggerated as in A. porteri.
MNI ¼ 1 is estimated.4.1.6.2.5.1.3. Genus Spalacopus Wagler,
18334.1.6.2.5.1.3.1. Spalacopus cyanus Molina, 1782 (Fig. 5J, Table 1,
Appendix B)

A right mandible fragment, two right M1 and one M2 are
included in S. cyanus. The mandible includes the ramus, the incisor
alveolus, the anterior part of the angular process and the molari-
forms p4, m1 and m2. In the lower molariforms, the bridge be-
tween the mesoflexid and the hypoflexid are open, with a broad
space of dentine, a feature observed in Spalacopus. The distal lobe of
the inferior molariforms has an oval-shape similar to those
observed in the superior dental series. All the molariforms exhibit a
triangular shape in its mesial lobe, but less angular as in Aconaemys.
MNI ¼ 3 is estimated.
4.1.6.2.5.2. Family Abrocomidae Milled and Gidley, 1918
4.1.6.2.5.2.1. Genus Abrocoma Waterhouse, 1837

4.1.6.2.5.2.1.1. Abrocoma bennettii Waterhouse, 1837 (Fig. 5L,
Table 1, Appendix B)

This taxon is represented by two left mandibles. The first one
includes the ramus, which is much larger compared with Octo-
dontidae rodents. The premolar specimen is complete. In occlusal
view, it has deep mesoflexids and hipoflexids. The shape and form
of their protoconid, hypoconid, metaconid, entoconid, and poster-
olophid are similar to those observed in the specimens of
A. bennettii used as reference. It differs from A. cinerea since this
taxon presents thick dentine in the bridges between the cusps,
where the labial enamel does not contact the lingual enamel (Verzi
and Quintana, 2005), and also in a more obtuse angle of the ento-
conid and metaconid. In contrast, A. cinerea has more angled
vertices in their lobes. The second left mandible extends from the
incisor alveolus to the anterior segment of the ramus. It only pre-
serves the alveolus of the premolar, with a clear shape of an
Abrocoma tooth, along with a prolonged and thin incisor alveolus.
MNI ¼ 2 individuals are calculated.
4.1.6.2.5.3. Family Echimyidae Gray, 18254.1.6.2.5.3.1. Genus
Myocastor Kerr, 17924.1.6.2.5.3.1.1. Myocastor coypus Molina, 1782
(Fig. 5BeD, Table 1, Appendix B)

Eleven bones of M. coypus are identified: an upper right incisor
fragment, a left M3, a right p4, a right m3, an unidentified
molariform, a left scapula; two right tibiae, a left calcaneus, and a
first phalanx. The size of the incisor is similar to M. coypus used as
reference. The p4 was included in M. coypus considering the
number of flexi in each toothrow: the lower molariforms have one
flexid in its buccal side and three in its lingual side, meanwhile, the
upper molar has two flexi in its palatinal side and three in its buccal
side. Two m3/M3, lower right, and upper left respectively present
crowns flattered, with simplified flexi, compatible with M. coypus,
being traits of a worn tooth. The unidentified molariform only re-
tains a complete oval cuspid with a very deep flexi and a small
portion of another cuspid.

Regarding postcranial fossils, the ventral fragment of a scapula
retains the glenoid fossa, the neck, and the supraglenoid tubercle.
The fragment includes the more ventral portion of the scapular
blade and the acromion. The tibiae size, and the position and shape
of its condyles and tibial tuberosity are identical to those observed
in the M. coypus reference material. In distal view, the medial and
lateral malleolus have the same angle as in the reference material,
with a groove for the tendon of tibialis posterior with the same
depth and extension, especially the posterior talar articular surface.
About the calcaneus and phalanx, both are similar in shape and size
to M. coypus comparison material. MNI ¼ 2 is calculated.
4.1.6.2.5.4. Family Cricetidae Fischer, 1817
4.1.6.2.5.4.1. Genus Abrothrix Waterhouse, 1837

4.1.6.2.5.4.1.1. Abrothrix cf. A. longipilis Waterhouse, 1837 (Table 1,
Appendix B)

The long-haired grass mouse fossils identified are a left
mandible with two molariforms (m1-m2) and a right mandible
with all their molars. In both specimens, the m1 has a fan-shaped
procingulum, a shallow or absent anteroflexid. The m2 has a
“three shape”, with deeps flexi, a 90�-degree procingle, and two
oblique parallels metaconid and entoconid. The m3 has a 90�-de-
gree procingle, like in m2, but with a down-pointed arrow-shape
hypoconid, which has only been observed in this species. The cor-
onal topography is crested, which is typical in juveniles, while in
adults they tend to be flat and lose some morphological structures
(Fern�andez et al., 2011; Patton et al., 2015; Teta, 2013). MNI ¼ 1 is
estimated.
4.2. Quantification and taphonomy

A total of 6,647 specimens were analyzed and 75% of the sample
was identified at least to Class level. Most of the specimens belong
to small taxa such as birds, amphibians, fishes, and rodents
(Table 1). Twenty-eight non-inclusive taxa were identified, being
the Class Aves the richest group (NTAXAbirds ¼ 10), followed by
Rodentia (NTAXArodents ¼ 8). Inversely, anurans and freshwater
fishes are the less rich groups (NTAXAanurans ¼ 2,
NTAXAfishes ¼ 1) (Table 1). Higher richness is usually correlated
with sample size (Lyman, 2008), which is not strictly the case here
(Fig. 9D). Anurans registered the highest number of individuals
(MNIanurans ¼ 93), followed by rodents (MNIrodents ¼ 31).

In mammals, weathering seems to act differently in the sample,
since a canid mandible (Fig. 10A) and some of the gomphothere
bones (i.e mandible, pelvis, Fig. 6B, F) shows initial longitudinal
cracking associated to an early stage of weathering, but other bones
(i.e. fíbula, tibia, astragalus, Figure HeJ) show no weathering sig-
nals. Horses and cervids are not weathered. Weathering seems not
to be important in the rodent assemblage. In contrast, polished/



Fig. 10. Surface bone modification on small fauna remains from Taguatagua 1 site. Dentary fragment of Lycalopex culpaeus SGO.PV.25,081 with roots marks superimposed over
weathering (A). Distal humerus fragment of an Anatidae indet. SGO.PV.26,441 with its diaphysis partially blackened due manganese (B). Distal humerus fragment of Anatidae indet.
SGO.PV.23,362 with roots marks superimposed over manganese stain (C). Dentary fragment of Abrocoma bennettii SGO.PV.25,637 with moderate polishing (D). Distal humerus
fragment of a medium-sized caviomorph rodent SGO.PV.25,660 with an intensive thermal alteration (E). Clavicle of Calyptocephalella gayi SGO.PV.26,253 with slight polishing and
isolated circular manganese stains (F). Distal coracoid fragment of Anatidae indet. SGO.PV.26,180 with root marks superimposed over thermal alteration (G). Distal femur fragment
of Anatidae indet. SGO.PV.26,265 with gastric corrosion (H). Anterior sternum fragment of an indet. bird SGO.PV.26,264 with cracking with curled up edges located near to spina
interna rostri (I). Scale bar for A, B and D ¼ 20 mm. Scale bar for C, E, FeI ¼ 10 mm.
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abraded bones are common in small fauna (Fig. 10D, F), ranging
from bones with a slightly smooth surface to specimens with
rounded edges and exposure of cancellous bone (Fern�andez-Jalvo
and Andrews, 2003). Some bird and rodent bones show digestive
corrosion (Fig. 9H), reflected mainly in pitting and cracking
(Andrews, 1990). Manganese coating is common in the small fauna
assemblage, especially in fishes, birds, and anurans (Fig. 10B, F). In
contrast, in megafauna, this alteration is practically absent. The
presence of different types of pigmentation, ranging from small
isolated circular stains (type 1) to heavily blackened (type 4) was
observed (Marín-Arroyo et al., 2008). Other conspicuous modifi-
cations detected mainly in small taxa were cracking with curled up
edges (Fig. 10I) (Fern�andez-Jalvo and Andrews, 2016) and circled
whitish areas on the bone surface due to bioerosion (Pesquero et al.,
2010).

Root marks were registered in different taxonomic groups
(cervid, canid, horses, rodents, birds) but usually in isolated patches
and not covering extensive bone areas. These marks are mainly
superficial. In some cases, root marks are superimposed to man-
ganese coating, thermoalteration andweathering (Fig.10A, C, G). So
far, no rodent or carnivore marks have been observed.

Clear anthropic marks were only detected in megamammal
bones. A long bone diaphysis of Cervidae indet. exhibits a green
fracture and a negative impact in one of its edges. There is a flake
scar in the medullary cavity (Fig. 11A). A mandible probably
belonging to the same individual exhibits seven parallel cut marks
in its condylar process, oriented anteroposteriorly, suggesting dis-
memberment activity (Binford, 1981) (Fig. 11C). A horse astragalus
and a calcaneus show cut marks in their lateral face (Fig. 11B, D).
Both marks represent one single butchering activity (Casamiquela,
1976; Montan�e, 1968). One unidentified rib fragment shows two
sub-parallel cut marks. No cultural marks were observed in gom-
phothere or smaller taxa. Finally, we have detected some rodents,
birds and anurans burned bones (Fig. 10E) however, the frequency
of these elements is low. No thermal alteration has been recorded
in large mammals.

5. Discussion

5.1. Taxonomy

So far, no other late Pleistocene archaeological or paleontolog-
ical deposit in Chile has a taxonomic richness such as TT-1, with 28
different taxa, including placentals, marsupials, anurans, reptiles,
birds, fish, and gastropods. This is because late Pleistocene faunal
studies have been historically focused on megafauna, probably due
to its easy-to-recover bias against microfaunal remains (Labarca,
2015).



Fig. 11. Human-induced modifications on megafauna remains from Taguatagua 1 site. Long bone diaphysis of Cervidae indet. SGO.PV.25,050e10 with a negative impact and
negative scar (A). Astragalus of Hippidion principale TT-58 with cutmarks on its lateral face (B). Ramus fragment of Cervidae indet. SGO.PV.25,050e7 with cutmarks on its condylar
process (C). Calcaneus of Hippidion principale TT-67 with cutmarks in its sutentaculum tali (D). Scale bars = 10 mm.
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Our taxonomic analyses showed that most of the taxa identified
(85,7%) were ~10 kg mass or less, suggesting a faunal Pleistocene
richness for Central Chile based on small animals rather than
megamammals. This situation would have been stressed after the
late Pleistocene-Holocene extinction of megafauna and persists
until today. Most of the taxa identified are associated with lacus-
trine and/or freshwater deposits such as Anatidae, Podicipedidae,
Rallidae, Calyptocephalellidae and Echimyidae. The lacustrine
context would also explain the high NISP of anurans and anatins.

Sixteen identified taxa (57,1%) are new for the late Pleistocene
fossil record of Chile (Table 1), including two previously unregis-
tered orders, which also have a sparse record in South America,
such as Squamata and Atheriniformes (Albino, 1999; Bogan et al.,
2009; Camolez and Zaher, 2010; Hoffstetter, 1968; Porta, 1965;
Scanferla et al., 2005). The chilean late Pleistocene bird fossil
richness improves up to 29% after this study, with nine unregistered
taxa, including two ducks, two coots, one grebe, two pigeons, one
eagle and one caracara (Table 1, Appendix G). These recordsmake of
Laguna de Tagua Tagua the richest Chilean late Pleistocene locality
in terms of ornithological fauna. The four recorded octodontids in
TT-1 expand in 33% the Chilean caviomorph late Pleistocene record
(Appendix H). Moreover, the stratigraphic association of five of the
nine known extant octodontids in Chile has not been recorded
previously during the Pleistocene. TT-1 also corresponds to the only
late Pleistocene Chilean and South American deposit with a high
concentration of Calyptocephalella gayi individuals, including
different ontogenetic stages. Considering the fragmented condition
of the remains and the absence of critical reference collections, it is
very possible that this faunal list will improve in the future,
particularly the class Aves, in which several unidentified morpho-
types were detected (Alarc�on, 2016). The patterns of richness
identified in the fossil assemblage are in agreement with the cur-
rent taxonomic richness of Chile, in which birds are the most
abundant vertebrate group (Jaramillo, 2005; Victoriano et al.,
2006).

So far, no extinct small fauna were identified in the assemblage,
but there is evidence of three locally extirpated taxa. The Crested
duck Lophonetta specularioides is currently distributed in the an-
dean range from 35� to 46�S (Bulgarella et al., 2007; Navas and Bo,
1998), however, in the southernmost portion of its distribution, is
also present in coastal areas (Jaramillo, 2005). Also, Octodon cf.
O. lunatus and Aconaemys fuscuswere apparently locally extirpated
from the area during the Holocene, probably due to anthropic
factors (Saavedra and Simonetti, 2003).
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Only the megafauna (gomphotheres, equids and cervids) iden-
tified in TT-1 became extinct at the Pleistocene-Holocene transition
(Barnosky and Lindsey, 2010; Cione et al., 2009). Considering the
radiocarbon dates reported for this site (and particularly for TT-2)
as bracketing dates for the stratigraphic presence of megafauna, it
is possible to notice that these are placed among the youngest in
Chile and South America. For example, the youngest taxon 1⁴C date
on record in the continent for a Gomphothere is one of 11,890 cal yr
BP coming from southern Chile (Chan Chan, 40�S-73�W, Gonzalez-
Guarda et al., 2018), followed by dates of 12,230 cal yr BP (Poço
Redondo, Sergipe, Brazil, 9�S-37�W, Silva, 2008) and 12,650 cal yr
BP (Arroyo Chasic�o, Provincia de Buenos Aires, Argentina, 40�S-
66�W, Prado et al., 2015). Taxon dates known for Hippidion princi-
pale are all between 15,300e18,340 cal yr BP (five dates, Buenos
Aires province, Argentina, Prado et al., 2015) being much older than
the age range of TT-1 and TT-2. This opens the possibility of inter-
preting central Chile and LTT as refugia for the vanishing mega-
mammals adapted to cold and wet environments (Nú~nez et al.,
1994). More taxon dates on the faunas recovered from LTT is
needed to test this hypothesis.
5.2. Taphonomy and deposition environment

Megafauna and small faunal fossils were recovered in spatial
association with lithic and bone artefacts. Nevertheless, according
to radiocarbon dates, the human occupation seems to be archaeo-
logically discrete, making possible to suggest a mixed fossil
assemblage in which natural and cultural events were combined in
the sedimentary matrix. Taphonomic analysis could help to eval-
uate the origin of the different taxa identified (Gifford-Gonz�alez,
1991).

Regarding the megafauna, the low-energy sedimentary context
reported (fine siliciclastic silt, Valero-Garc�es et al., 2005) is not
compatible with fluvial or colluvial deposition of the fossils. Given
the weight of the bones of these taxa, especially those of gom-
photheres (Haynes, 1991), a great hydraulic force is required to
displace them (Frison and Todd, 1986). Also, the bones are not
abraded or polished. Natural death in this kind of context would
leave relatively complete and articulated carcasses (Hill, 1979). Both
Casamiquela (1976) and Montan�e (1968) indicated that no articu-
lated big mammal bones were identified. Secondary processes,
such trampling, could subsequently disarticulate this kind of
context, but no trampling marks have been detected in the sample
analyzed. A carnivore kill-site is also rejected since no tooth marks
were identified on the bones. Actualistic studies suggest that big
felids leave tooth marks in the bones during consumption of
middle-size carcasses, mainly in the ribs and long bone epiphysis
(Domínguez-Rodrigo, 1999; Gidna et al., 2014, among others), even
if they have primary access to the prey. Tooth marks in the bones
increase in quantity and distribution along the bones in a scav-
enging scenario (Gidna et al., 2014). Also, paleontological evidence
has shown that north and south American Pleistocene Machair-
odontinae and Felidae taxa left tooth marks during bone con-
sumption (e.g. Martin, 2013; Marean and Ehrhardt, 1995).

Since the fossils are differently weathered is possible to assume
differential bone deposition and/or different burial events. In any
case, some of the big mammal bones were exposed on the surface
prior to its final burial. In spite of this, the bones are not tooth
marked.

The anthropic marks observed in horse and cervid bones sug-
gest that these taxa were culturally deposited. The absence of cut
marks in gomphothere bones does not invalidate a possible cultural
deposition since ethnographic and actualistic research with extant
proboscideans (Haynes, 1987, 1991; Haynes and Klimowicz, 2015)
indicate a very low proportion of cut-marked bones during
butchering processes. Nevertheless, Casamiquela (1976) informed
the presence of splintered tusk fragments scattered around the site,
interpreting them as an intentional removal of the incisors, which
are not found in the assemblage. Some of the horse (tarsals and
metatarsal) and gomphothere (tibia, fibula, and calcaneus) bones
articulate with each other, indicating that specific complete skeletal
segments, rather than complete carcasses, were transported artic-
ulated to the camp to be further processed, including disarticula-
tion, marrow extraction and probably tool production.
Coincidentally, the lithic studies suggest mainly cutting and
scraping activities on soft objects (M�endez, 2015).

Finally, the almost total absence of manganese coated bones and
other water induced modifications among the megamammal re-
mains indicates that the fossils probably were not buried in a
saturated environment after its deposition (Marín-Arroyo et al.,
2014), and it would also indicate mainly dry episodes after the
camp was abandoned. Root marks in a weathered canid mandible
supports this scenario.

The small fauna assemblage includes freshwater taxa (such as
anatids and fish), mainly shore taxa (such as coypo) but also dry-
land taxa (such as snakes and fossorial rodents), which suggests a
strongly time-averaged assemblage and accounts for the fluctua-
tions in the lake level prior, during and after the human occupation.
Casamiquela (1976) pointed out that no articulated skeletons of
small fauna were recovered during the excavations, and therefore
the in situ natural death of, for example, fossorial rodents can be
discarded. The presence of rodent and bird bones with digestive
traces suggest that an undetermined portion of both groups could
have entered the deposit by means of raptor pellets or scats pos-
teriorly disaggregated. Most of the rodent taxa identified, such as
S. cyanus, A. bennettii, O. bridgesi, and A. fuscus are nocturnal or
crepuscular (Iriarte, 2008), but so far, only diurnal raptors have
been determined (Milvago cf. M. chimango and Geranoaetus mela-
noleucus). Lycalopex culpaeus, on the other hand, usually preys upon
these taxa (Correa and Roa, 2005; Jaksic et al., 1980; Torres, 2007)
and could have contributed to the inclusion of rodents in the
assemblage.

Natural deposition of fish bones is common in lacustrine con-
texts (Stewart, 1991), and the same would be expected for water
birds such as ducks and coots. The presence of these taxa suggests
high lake levels, and therefore more humid conditions. The pres-
ence of manganese coating almost exclusively in small fauna bones,
including dry-land taxa (rodents) and freshwater taxa (anurans,
birds and fishes), are indicative of an organic-rich sedimentary
matrix capable of staining the bones (Marín-Arroyo et al., 2014),
like a lake-shore environment, and suggest that its deposition could
be not synchronic with the human occupation. Bones exhibiting
cracking with curled up edges and circled whitish areas similar to
those observed in TT-1 sample have been described in submerged
environments elsewhere (Fern�andez-Jalvo and Andrews, 2016;
Pesquero et al., 2010). The polished/abraded bones detected in the
sample analyzed are coherent with this scenario, since small fauna
exhibits this feature in water saturated clay/silty matrix
(Fern�andez-Jalvo and Andrews, 2003; Griffith et al., 2016).

Some bones showed a combination of modifications, reflecting
lake-level dynamics during the fossil deposition and burial. For
example, some small fauna specimens show a combination of
digestive corrosion and manganese staining, interpreted as an
increment of the lake level after the bones were defecated and/or
regurgitated. In contrast, the presence of roots marks super-
imposed to manganese stains and thermoalteration is interpreted
as dry conditions once the bones were already buried.

No cultural marks were observed in the small fauna remains.
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Nevertheless, cut marks and other human-induced modification
are usually sparse in these bone assemblages (Hesse, 1984; Lloveras
et al., 2009; Stahl, 1996). Taphonomic processes also can obscure
anthropic modifications (Nicholson, 1996). Some of the taxa iden-
tified have a considerable mass and, in later times, were exploited
by prehistoric groups that inhabited LTT, such as Myocastor coypus
and Calyptocephallela gayi (Jackson et al., 2012). Anatidae exploi-
tation has also been reported in late Pleistocene archaeological sites
in southern Patagonia (Labarca, 2016). A few burnt bones would
suggest human consumption of these taxa, but a campfire located
over previously natural deposited bones could create the same
pattern.

In sum, all the evidence suggests a mainly natural-induced
deposition of small fauna, prior, during and after the human
occupation in a very dynamic shore-lake environment. In this line,
taphonomic analyses also revealed different phases of lake-level
increase/retraction of unknown duration and cyclicity.

5.3. Paleoecological, paleoenvironmental and paleoclimatic
implications

From a regional and global perspective, TT-1 is contempora-
neous with the beginning of the Younger Dryas event at
~12,700 cal yr BP, which is marked by a general transition from
colder and wetter conditions to warmer and dryer environments
(Moreno et al., 2018). This change is also associated with the end of
the Antarctic Cold Reversal event (~14,700e12,700 cal yr BP,
Moreno et al., 2018) and is anti-phased with the shift in the
Northern Hemisphere from the warm Bølling-Allerød to the colder
Younger Dryas. Drying and warming regional conditions coincide
with the observations made for LTT, placing the events recorded at
TT-1 within a transitional environment towards more restrictive
water and food availability conditions for animals. Considering that
this faunal assemblage represents a time-averaged assemblage
during this critical and particularly fluctuating period, the expec-
tation is to find a mixed faunal record comprising taxa of different
habitat preferences.

Among the ducks, Lophonetta specularioides has a present-day
distribution associated to cold conditions (Jaramillo, 2005) and its
presence in TT-1 agrees with the latest humid/cold pulse during the
LGT. Along with this cold-adapted bird, there are other taxa that
currently inhabit semi-arid/Mediterranean environments. One of
these is the marsupial Thylamys. Today Thylamys pallidor and
Thylamys elegans are the only ones from the genus present in Chile;
both live in semi-arid environments, although T. elegans is also
distributed in Mediterranean areas (~37�S, Palma, 1997). Even,
some physiological studies have shown that T. elegans could have
adaptations to live in more temperate environments (e.g. Bozinovic
et al., 2005). Thus, there is a possibility that this taxon could have
inhabited TT-1 during a transitional environment. The same is true
for Octodon degus which is the most abundant rodent identified in
the assemblage. At present, O. degus inhabits arid, semiarid and
Mediterranean environments (28�S-35�S, Patton et al., 2015), but a
large number of studies have shown a broad range of behavioral
plasticity in response to temperature and food fluctuations (e.g.
Bacigalupe et al., 2003; Ebensperger and Hurtado, 2005; Kenagy
et al., 2002; Lagos et al., 1995), and therefore its presence would
be expected in more temperate/closed locations.

Other small taxa are not indicative of specific environments
since its current distribution includes a variety of habitats. This is
the case of the semifossorial rodent Aconaemys fuscus, which
currently inhabits sandy areas covered with xerophytic vegetation
as well as forested areas with Nothofagus (Iriarte, 2008). The above-
mentioned plasticity is also applicable to the colubrid taxa identi-
fied since the genus Philodryas currently inhabits a wide variety of
habitats ranging from the Atacama Desert to the Valdivian Forest
(26�S-40�S, Donoso-Barros, 1966).

Probably the best bioindicator of the shift from colder and
wetter to warmer and dryer environments is the mollusk Bio-
mphalaria taguataguensis, since was only recorded in member 6
(Varela, 1976). B. taguataguensis inhabits minor small river envi-
ronments with low to moderate runoff and a maximum depth of
1 m, associated with swampy local conditions (Covacevich, 1971).

Regarding the megafauna, the records of Antifer ultra in
Argentina show a wide geographical and environmental distribu-
tion (25�Se38�S, Alcaraz, 2010; Alcaraz and Francia, 2013). This is
also true for the late Pleistocene record in Chile, since the species
has been found in warm and arid environments in central Chile
(Quereo site; 31�S) (Labarca and Alcaraz, 2011), and in cold and
humid environments in northwestern Chilean Patagonia around
the same time period (Los Notros site; 40�S, Lira et al., 2020).
Following this potential environmental plasticity and considering
the absence of other proxies (e.g. isotopic data), the presence of
Antifer ultra in TT-1 is not particularly informative.

Previous anatomical studies have concluded that Hippidion
species have a greater adaptation to closed environments than
Equus species (e.g. Alberdi et al., 2003). However, based on stable
isotope studies in South America (Domingo et al., 2012; Gonz�alez-
Guarda et al., 2017), both Hippidion and Equus were adapted to a
diverse suite of environments, from closed-canopy forest to C4-
dominated grasslands. Specifically, Hippidion principale has been
linked to woodland-mesic C3 grasslands according to d13C values
from dental enamel (Domingo et al., 2012). Thus, the vegetation
transition in LTT during the formation of TT-1 could have been
propitious for H. principale diet requirements.

Notiomastodon platensis is the only taxon from LTT that has been
directly studied with the use of stable isotopes, dental microwear,
and dental calculus (Gonz�alez-Guarda et al., 2018). A particular
specimen (SGO.PV.47k) reported in Gonz�alez-Guarda et al. (2018)
comes from an undetermined location in LTT and was radio-
carbon dated between 13,810 and 14,520 cal yr BP, being slightly
older than the deposits from TT-1 reported here. The sample shows
coherence with previous paleoenvironmental and paleoclimatic
interpretations obtained from continental (Heusser, 1983, 1990;
Valero-Garc�es et al., 2005) and marine sediments (i.e. alkenones;
Kaiser et al., 2008), since this gomphothere was linked to a
woodland-mesic C3 grassland environment according to the d13C
values obtained from the dental enamel bioapatite
(d13C ¼ �11.7‰). According to the dental microwear and dental
calculus analyses, the specimen exhibits a leaf browser diet (~100%
consumption of trees) (Gonz�alez-Guarda et al., 2018). In addition,
the mean annual temperature calculated from the oxygen isotope
values from the same specimen was ~18 �C and similar to the sea
surface temperature of the LGT (Kaiser et al., 2008). The mean
annual precipitation calculated as well (702 mm) is similar to
present-day values (Heusser, 1990). According to Gonz�alez-Guarda
et al. (2018), the d15N values reported for the specimen from LTT are
relatively high (8.4‰) when compared to others coming from other
localities along central Chile. This value could suggest a drier
environment, however, judging by the results of the multiproxy
approach, we suggest that the nitrogen value could be due to other
factors such as, fires, grazing intensity, and coprophagy and/or the
fertilization of the vegetation located in regular migratory routes
Metcalfe et al., 2013. Thus, the habitat of this particular Notiomas-
todon platensis in LTT was humid and wooded during the late
Pleistocene which are consistent with its chronological position
(see section 2.2.).

In sum, the presence in TT-1 of taxawith different environmental
requirements seems to reflect the climatic/vegetational variations
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reported for the Pleistocene-Holocene transition. High ecological
plasticity suggested for several extant and possibly extinct taxa is
coherent with this general trend. Nevertheless, the absence of
detailed well-controlled faunal records prevents more robust con-
clusions and fine-grained comparison with other proxies.
6. Conclusions and future research

This analysis has revealed a particularly rich and complex
lacustrine faunal community at the end of the Pleistocene in central
Chile, which has no current analogous. It is composed mainly by
taxa that currently inhabits the area, together with taxa that
possibly extended/retracted its geographic range in response to
climatic oscillations, but also with species that became extinct at
the beginning of the Holocene. Our analysis showed the presence of
several small taxa with scarce or null late Pleistocene fossil records
in Chile and South America until now, which nevertheless are
relatively common in current lacustrine environments. So far, no
extinct small fauna have been identified in TT-1, suggesting that the
Pleistocene-Holocene extinction affected exclusively large-bodied
species.

This mixed faunal composition that includes taxa that currently
inhabits semi-arid climates, together with taxa of temperate and/or
cold requirements is explained by the time-averaged condition of
the deposit, and therefore give us a coarse-grained picture of the
faunal community variations during the Pleistocene-Holocene
transition. The absence of detailed provenience information and
recovery techniques of this assemblage prevents detailed discus-
sions and comparison with other proxies but encourages us to
continue working at this locality.

The taphonomic analysis is coherent with sedimentologic
studies and points out a dynamic scenario during the Pleistocene-
Holocene transition. Surface bone modifications suggest signifi-
cant lake-level oscillations, which allowed the deposition of
terrestrial, littoral, sublittoral and fluvial small fauna. In one of
these lake-retraction moments the human presence in the LTT is
recorded, reflected until now, exclusively by the exploitation of
great size and greater caloric return taxa.

This research highlights the need of new detailed studies in LTT
to characterize the faunal variations not only during the crucial
Pleistocene-Holocene transition (member 5 to member 6) but in all
the LTTF sequence. The future recovery of new well-documented
faunal assemblages with robust chronologies will allow the
development of more quantitative and therefore comparable
analysis, opening the possibility to contrast new data with previ-
ously published paleoenvironmental proxies. Also, it will permit
the use of non-morphological methodologies which would help us
to reconstruct shorter environmental events over time (from
months to tens of years); for example, the calculation of more
precise temperature and precipitation values. Also, stable isotopes
could define the seasonality of the diet in mammals (sequential
sampling) and the migratory events in fossil birds. Finally, at a
regional level, new systematic research must be conducted to
detect and study novel fossiliferous deposits and therefore expand
our knowledge of the late Pleistocene faunas in central Chile.
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