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ABSTRACT

The earliest record of North American mammals in South America is significant for con-
straining the timing of intercontinental faunal interchange. At present, the oldest securely dated
remains of a North American terrestrial mammal in South America pertain to a late Miocene
procyonid; a few other North American mammal groups are present in late Miocene and early
Pliocene outcrops in South America, but most are not recorded until the late Pliocene or Pleis-
tocene, after the complete emergence of the Panamanian Isthmus. This long-established pattern
has recently been called into question by reports of a proboscidean, two tayassuids, and a
dromomerycine cervoid in supposed late Miocene deposits of Peruvian Amazon. In this con-
tribution, we analyze the taxonomic identities and stratigraphic provenances of the tayassuid
and dromomerycine fossils in detail. We conclude that these specimens are not distinguishable
from modern tayassuids (Tayassu pecari and Dicotyles tajacu) and cervids, and that previous
taxonomic identifications are based on misinterpretation of characters or inadequate speci-
mens. In addition, there is insufficient evidence to support a late Miocene age for these ter-
restrial cetartiodactyl fossils; the stratigraphic provenance of the specimens is highly dubious,
and the fossils are likely Quaternary in age.
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INTRODUCTION

South America has a unique mammalian fauna that consists of different faunistic elements
that have, at different times, reached the continent. This peculiarity is commonly seen as a con-
sequence of the geographic isolation of South America from other major land masses during
much of the Cenozoic (Pascual et al., 1965; Simpson, 1980), with infrequent faunal exchanges
until the continent’s final connection with North America. Despite some issues related to refine-
ment and classification, it is generally agreed that the mammal fauna of South America can be
described as having three basic stages during the Cenozoic: an old phase, with old endemic
groups of native mammals, at least some of which arrived from North America during the early
Paleogene; an intermediate phase, initiated with the arrival of platyrrhine monkeys and cavio-
morph rodents from Africa during the middle to late Eocene and/or early Oligocene; and a final
phase that ended with the connection of North and South America and the interchange of faunal
components between these two continents (Simpson, 1950; Marshall et al., 1982; Poux et al., 2006;
Woodburne et al., 2006; Flynn et al., 2007; Woodburne, 2010; Goin et al., 2012; Leigh et al., 2014;
Cione et al., 2015; O 'Dea et al., 2016; but see Croft, 2012, 2016).

The last of the three phases described above is known as the Great American Biotic Inter-
change (GABI), and is considered one of the most significant biogeographic events of the
Cenozoic (Webb, 1976, 1991; Cione et al.,, 2015). During the GABI, it is generally agreed that
initial and limited exchange occurred during the late Miocene and early Pliocene; procyonid
carnivorans and sigmodontine rodents were the first northern immigrants in South America,
and two types of ground sloths were the first southern immigrants to Mexico and the southern
United States (Woodburne, 2010; Cione et al., 2015; Barbiére et al., 2019; Engelman and Croft,
2019). Procyonid carnivorans, such as Cyonasua and Chapalmalania, are known from the
Huayquerian South American Land-Mammal “Age” (SALMA) of Argentina and Uruguay (late
Miocene, 9.0-6.8 Ma) (Reguero and Candela, 2011; Prevosti and Soibelzon, 2012; Prevosti et
al., 2013; Engelman and Croft, 2019; Soibelzon et al., 2019). Mustelids have also been reported
from the Huayquerian SALMA (Verzi and Montalvo, 2008), but this has been refuted by Pre-
vosti and Pardifias (2009). The oldest cricetid (sigmodontine) rodent in South America is from
the Montehermosan SALMA, but whether it is late Miocene or early Pliocene in age is uncer-
tain (Barbiére et al., 2019). Molecular analyses have suggested an earlier arrival of sigmodon-
tines (Parada et al., 2013; Leite et al., 2014; Maestri et al., 2019), but fossil evidence supporting
this is lacking. Cricetid rodents are certainly absent from the La Venta fauna (late middle
Miocene) of Colombia, where caviomorph rodents of very small size seem to overlap in size
and ecology with cricetids (Walton, 1997).

South American mammals first appeared in North America by the late Miocene, with ground
sloths recorded in the Hemphillian North American Land-Mammal “Age” (NALMA; late Mio-
cene, 9.0-8.5 Ma) of Florida and Texas (Marshall, 1988; Morgan, 2008). It is generally agreed that
these early immigrants were able to disperse through island hopping (Flynn et al., 2005).

Most of the exchange during the GABI occurred during the late Pliocene, when the fossil
record shows a large influx of North American taxa into South America and vice versa (Cione
et al,, 2015, and references cited therein). Presumably this marked the complete (subaerial)
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emergence of the Panamanian Isthmus during the late Pliocene (ca. 3.0 Ma), though the timing
of the formation and emergence of the Panamanian Isthmus is a contentious issue (Bartoli et
al., 2005; Leigh et al., 2014; O’'Dea et al., 2016). The GABI continues today, with latecomers
such as Cryptotis shrews (Tate, 1932).

The description of large North American terrestrial mammals (a proboscidean, two tayas-
suids, and a dromomerycine ruminant) from supposed late Miocene deposits in western Ama-
zonia (Campbell et al., 2000, 2009; Frailey and Campbell, 2012; Prothero et al., 2014) calls the
broad pattern described above into question by implying that a land connection between the
Americas existed by the late Miocene. Because these claims have the potential to greatly impact
our understanding of the relationship between North and South America during the Neogene,
they must be rigorously analyzed. Claims of a Miocene age for the gomphotheriid probocidean
“Amahuacatherium” have been investigated and refuted in several previous works (Alberdi et
al., 2004; Ferretti, 2008; Woodburne, 2010; Lucas, 2013; Mothé and Avilla, 2015). The goals of
this paper are: (1) to evaluate the taxonomic identities of the tayassuids Sylvochoerus woodbur-
nei Frailey and Campbell, 2012, and Waldochoerus bassleri Frailey and Campbell, 2012, and
the dromomerycine Surameryx acrensis Prothero et al., 2014, in detail; and (2) to critically
analyze the stratigraphic provenance of the specimens.

MATERIALS AND METHODS

The specimens studied in this contribution correspond to those assigned to Sylvochoerus
woodburnei and Waldochoerus bassleri (Tayassuidae) by Frailey and Campbell (2012) and Sur-
ameryx acrensis (Dromomerycinae cervoid) by Prothero et al. (2014). Most tayassuid speci-
mens are from the Harvey Bassler Collection of Peruvian Fossils (Willard, 1966), which is now
housed at the U.S. National Museum of Natural History. Exact geographic and stratigraphic
data for these specimens are not available; most are only referred to river valleys in Peru (e.g.,
Inuya River, Mapuya River). A few specimens of peccaries (only four) are housed at the Ameri-
can Museum of Natural History, Natural History Museum of Los Angeles County, and Univer-
sity of California Museum of Paleontology.

For anatomical comparisons, we followed the unpublished Ph.D. dissertations of two of
the authors of the present contribution (Gasparini, 2007; Parisi Dutra, 2016). These are the
most current integrative reviews of the South American Tayassuidae. For nomenclatural assign-
ments of collared and white-lipped peccaries, we followed Acosta et al. (2020). The holotype
and sole specimen of Surameryx acrensis was compared to species of Palaeomerycidae (includ-
ing Dromomerycinae) and fossil and extant cervid species. Our research was based on the
analysis of several mammalogical and palaeontological collections housed at American institu-
tions (Argentina, Bolivia, Brazil, Colombia, Ecuador, Mexico, Paraguay, Peru, Uruguay, United
States, and Venezuela).

ABBREVIATIONS: AMNH, American Museum of Natural History; LACM, Natural His-
tory Museum of Los Angeles County, Los Angeles; MCN-M, mammals collection of the
Museu de Ciéncias Naturais, Pontificia Universidade Catolica de Minas Gerais, Brazil;
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MLP, Museo de La Plata, Argentina; MN, Museu Nacional da Universidade Federal do Rio
de Janeiro, Brazil; UCMP, University of California Museum of Paleontology, Berkeley;
UFMG, Universidade Federal de Minas Gerais, Brazil; USNM, United States National
Museum of Natural History, Washington, DC.

SYSTEMATIC PALEONTOLOGY
CETARTIODACTYLA Montgelard, Catzeflis and Douzery, 1997
TAYASSUIDAE Palmer, 1897

REFERRED MATERIAL: AMNH 55811 (holotype of Sylvochoerus woodburnei Frailey and
Campbell, 2012), complete left mandible, lacking i1-3; LACM 150305, right mandibular frag-
ment with p4; UCMP 118779, left mandibular fragment with p4-m1; USNM 205346, palate
with complete dentition and portion of left zygomatic arch; USNM 205389, right M3; USNM
513211, left palatal fragment with M1-3; USNM 513212, left palatal fragment with P2-4;
USNM 513213, right radio-ulna; USNM 513214, left palatal fragment with M2; USNM 513216,
right mandibular fragment with m1-2; USNM 513217, left mandibular fragment with m3;
USNM 513218, isolated right m3; USNM 513219, right P3; USNM 513220, left P2 with palatal
fragment; USNM 513221, partial left ramus with dp3-m2; USNM 513224, right partial M2.

THE IDENTITY OF Sylvochoerus woodburnei: For a better understanding of our analysis, we
organize the morphological and morphometric comments of every character considered by
Frailey and Campbell (2012) in the following order: (1) diagnosis of the genus; (2) similarities
between Sylvochoerus and Tayassu and differences from Dicotyles; (3) differences between Syl-
vochoerus and Tayassu; and (4) diagnosis of the species Sylvochoerus woodburnei (figs. 1-4).

According to Frailey and Campbell (2012), Sylvochoerus has the following diagnostic char-
acters: mandible short and sturdy; postcanine diastema relatively short, deep, and with steep
rise to p2; ascending ramus with posterior margin curved in lateral view; high placement of
mandibular condyle; forward placement of mandibular condyle; and less procumbent man-
dibular symphysis.

All these features characterize both extant genera of peccaries, Tayassu and Dicotyles (Gas-
parini, 2007; Gasparini et al., 2011, 2014; Parisi Dutra et al., 2017). It is noteworthy that the
length of the postcanine diastema measured in this genus allows us to consider it as a short
diastema (shorter than 50% and longer than 30% of the length of the toothrow; see Gasparini,
2007). Besides that, a short postcanine diastema represents one of the characters that allow
grouping it into Tayassuini. This clade is composed of the three living species, Dicotyles tajacu
(collared peccary), Tayassu pecari (white-lipped peccary), and Parachoerus wagneri (Chacoan
peccary), in addition to the extinct taxa Brasiliochoerus stenocephalus, Parachoerus carlesi,
Catagonus metropolitanus, and Catagonus bonaerensis (Parisi Dutra et al., 2017).

According to Frailey and Campbell (2012), the new genus Sylvochoerus is a medium- to
large-sized peccary with a short snout and a broad cranium. These authors also considered this
new taxon to resemble Tayassu but to differ from Dicotyles in the following characters: man-
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FIG 1. A, Sylvochoerus woodburnei, USNM 513221, partial left ramus with dp3-m2. B, Tayassu pecari, USNM
38447, mandible. Arrows: 1, ascending ramus overlapping part of m3; 2, difference in depth of the dentary
bone below the toothrow. Scale bar = 1 cm.

dibular ramus with postdigastric sulcus shallower and extending anteriorly only to under m2
(as opposed to under ml in Dicotyles); mandibular rami with inferior margin of diastema
rounded mediolaterally (broadening laterally under diastema in Dicotyles); mandibular condyle
higher on ascending ramus; mandibular symphysis recurved anterior to canines (recurved
ventral to canines in Dicotyles); more complex dental pattern with an abundance of minor
cuspids; weak lophodonty with wear (weak selenodonty in Dicotyles); more advanced state of
molarization of p4; heel of m3 complex (less integrated and more simple in Dicotyles).

All these features correspond to those that characterize the genus Tayassu, except the tooth
crown morphology, which other authors (Gasparini et al., 2011, 2014) have referred to as
bunodont for all the species of Tayassu, Dicotyles, Catagonus, Brasiliochoerus and Parachoerus
(teeth of Parachoerus wagneri are referred to as “zygodont,” which is bunodont with relatively
high cuspids) (Gasparini et al., 2009, 2011, 2013, 2019; Prothero and Grenader, 2012; Avilla et
al., 2013; Parisi Dutra et al., 2017).

According to Frailey and Campbell (2012), Sylvochoerus differs from Tayassu and can
be considered as a different genus, by having: mandibular ramus with nearly consistent
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FIG 2. A, Sylvochoerus woodburnei, USNM 205346, palate with complete dentition and portion of left zygo-
matic arch; B, USNM 513221, partial left ramus with dp3-m2. C, Tayassu pecari, USNM 38447, upper post-
canine dentition (P2-M3), and D, lower left p2-m3. Arrows: 1, bunodont molar morphology described in
the text. Scale bars = 1 cm.
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depth below the toothrow (i.e., ramus does not lose depth anteriorly; a ramus with reduced
depth anteriorly is present in Tayassu); ascending ramus with anterior edge overlapping
part of m3, in lateral view (m3 more exposed in lateral view in Tayassu); angle of mandible
gently curving anteriorly into shallow postdigastric sulcus and extending only slightly
below lower margin of horizontal ramus (angle of mandible with abrupt change in curva-
ture leading anteriad into deep postdigastric sulcus and extending well below lower margin
of horizontal ramus in Tayassu); alveoli for incisors more procumbent, directed more ante-
riad and less dorsad; digastric fossa well differentiated from pterygoid fossa by low,
rounded ridge (ridge very low or absent in Tayassu); digastric fossa more deeply concave,
which is accentuated by medial edge of inferior margin of ramus extending mediad to form
a shelf; teeth with lower part of crown taller, more broad based, bulbous, and with major
cusps shorter and inclined toward long axis of tooth; alveolar margin of canines lying well
below line drawn from alveolar margin of the p2-m1 (lies at or only slightly below line in
Tayassu); molars with ribbed furrowing on flanks of cusps, resulting in a sculpted appear-
ance (absent in Tayassu); dentition with multiple accessory crests and cuspids, producing
a more complex occlusal surface than in Tayassu. However, all the characters listed by
Frailey and Campbell (2012) fall within the variation range of the monotypic genus Tayassu
(i.e., Tayassu pecari), as we describe below (figs. 1, 2, 4).

Mandibular ramus with nearly consistent depth below toothrow: In their description, Frai-
ley and Campbell (2012) point out that Sylvochoerus has an almost constant depth below the
toothrow and claim that in Tayassu pecari, the ramus loses depth anteriorly. In fact, some
specimens of Tayassu pecari display slight differences in depth from the anterior to the poste-
rior part of the dentary bone below the toothrow (fig. 1B: arrow); however, these differences
are minor (almost imperceptible) in some specimens.

Ascending ramus with anterior edge overlapping part of m3 in lateral view: This character
probably is the most variable feature in the dentary bone (fig. 1B: arrow). In some specimens
of Tayassu pecari from Argentina, the anterior part of the ascending ramus overlaps part of m3
as occurs in Sylvochoerus, but in several specimens from central and northern Brazil, the
ascending ramus does not overlap the m3. Besides that, this character also varies depending
on the ontogenetic age of the specimen (see Margarido et al., 2007).

Angle of mandible gently curving anteriad into shallow postdigastric sulcus and extending
only slightly below lower margin of horizontal ramus: Frailey and Campbell (2012) suggest that
the postdigastric sulcus in Sylvochoerus is a gently anteriorly curved structure, whereas in
Tayassu pecari it is a deep sulcus that abruptly changes the direction of the horizontal ramus
of the dentary bone. The holotype of Sy. woodburnei, AMNH 55811, and the two paratypes,
USNM 513217 and USNM 513221, as stated by Frailey and Campbell (2012), are damaged due
to the fossilization process. These features may be a result of this process; however, some living
and fossil individuals of T. pecari show the same shape of the postdigastric sulcus as Sy. wood-
burnei. This sulcus represents the insertion of the digastric muscle. When contracted, this
muscle elevates the hyoid bone and depresses the mandible, a movement involved with opening
the mouth. Thus, the shape of the postdigastric sulcus might be related to dietary habits.
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Alveoli for incisors more procumbent, directed more anteriad and less dorsad: This char-
acter is highly variable in North and South American tayassuid species, so it is not a diagnostic
feature useful to differentiate species.

Digastric fossa well differentiated from pterygoid fossa by low, rounded ridge: In Tayassu
pecari, this ridge is quite variable (low, very low, or absent), and thus is a nondiagnostic char-
acter. This feature, as developed in Sy. woodburnei, is also commonly observed in T. pecari.

Digastric fossa more deeply concave, accentuated by medial edge of inferior margin of
ramus extending mediad to form a shelf: The digastric fossa is also deeply concave in Tayassu
pecari. The development of a medial edge of the inferior margin of the ramus is variable in
specimens of T. pecari.

Teeth with lower part of crown taller, more broad based, bulbous, and with major cusps
shorter and inclined toward long axis of tooth: These characters are also observed in Tayassu
pecari (fig. 2D).

Alveolar margin of canines lying well below line drawn from alveolar margin of p2-m1 (lies
at or only slightly below line in Tayassu): This feature is developed in tayassuids in general.

Dentition with multiple accessory crests and cuspids, giving a more complex occlusal sur-
face than in Tayassu: Teeth of Sy. woodburnei have the same crown morphology, dental pattern
(e.g., placement of major cusps and accessory cuspids and multiplicity of minor crown fea-
tures), and tooth size observed in Tayassu pecari (fig. 2).

Features listed in the diagnosis of Sylvochoerus woodburnei given by Frailey and Campbell
(2012: 854-857) correspond in fact to diagnostic features of Tayassu pecari, such as: medium
to large-sized peccary, with a short snout and a broad cranium, p4 molariform, molars multi-
cuspidate with minor cuspids between major cusps (Gasparini, 2007; Gasparini et al., 2011,
2014). Instead of “indications of lophation resulting from wear in teeth,” we note that the
bunodont crown morphology developed in the specimens of Sy. woodburnei shows a trans-
versely oval surface due to wear. Frailey and Campbell also mention as a diagnostic character
of Sy. woodburnei the presence of lower premolars with a trigonid much taller than the talonid.
It is true that the trigonid is taller than the talonid; however, the height of the trigonid repre-
sents a nondiagnostic morphometric feature because it varies in tayassuids with bunodont
tooth morphology.

The monotypic genus Tayassu is widely distributed across the Neotropical region from
northern Argentina to southern Mexico (Gasparini, 2013; Gasparini et al., 2014), occupying
several types of habitats along this distribution. This species has a great ecological tolerance,
but it is generally associated with bodies of water. Some authors (Beck, 2006; Reyna-Hurtado
et al., 2009; Sicuro et al., 2011; Hendges et al., 2016, 2019) have pointed out that this animal
has a large range of morphological variability due to food habit, sexual dimorphism and onto-
genetic age factors.

Taking into account the morphological and morphometric characters observed in speci-
mens described in Frailey and Campbell (2012) and comparing them with other fossil and
living Tayassuidae specimens, we conclude Sy. woodburnei is based on specimens of Tayassu
pecari. Therefore, we consider Sy. woodburnei a junior subjective synonym of T. pecari.
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CETARTIODACTYLA Montgelard, Catzeflis and Douzery, 1997
TAYASSUIDAE Palmer, 1897

REFERRED MATERIAL: LACM 154877 (holotype of Waldochoerus bassleri Frailey and Camp-
bell, 2012), partial left mandibular ramus with p3-m3; USNM 513215, partial right mandible
with p4, m2-3; USNM 513222, isolated right m1; USNM 513223, partial right mandible with
ml-m3; USNM 515225, right palatal fragment, with P4-M3 (M2 damaged).

IDENTITY OF Waldochoerus bassleri: For a better understanding of our analysis, we organize
the morphological and morphometric remarks on every character considered by Frailey and
Campbell (2012) in the following order: (1) diagnosis of the genus; (2) similarities of Waldo-
choerus to Dicotyles and differences from Tayassu; (3) differences of Waldochoerus from Dicoty-
les; and (4) diagnosis of the species Waldochoerus bassleri (figs. 3, 4).

According to these authors, Waldochoerus has the following diagnostic characters: man-
dible short and sturdy; high placement of mandibular condyle; and forward placement of man-
dibular condyle. All of these features characterize both extant genera of peccaries, Tayassu and
Dicotyles (Gasparini, 2007; Gasparini et al., 2011, 2014; Parisi Dutra et al., 2017). It is notable
that mandibles in Dicotyles are smaller than those observed in Tayassu (see measurements in
Gasparini, 2007; Gasparini et al., 2011, 2014).

According to Frailey and Campbell (2012), the new genus Waldochoerus is a medium- to
small-sized peccary with a short snout that resembles Dicotyles and differs from Tayassu in
having: posterior margin of ascending ramus below mandibular condyle straight or only slightly
curved; dental crown pattern simple; labial conids with weak selenodonty; metaconid and
hypoconid with reduced lophate connection; and quadrangular molar outline interrupted by
deep indentations at transverse valleys.

In both genera, Dicotyles and Tayassu, the posterior margin of the vertical ramus extends
posteriorly beyond the mandibular condyle, usually describing a pronounced curve in both
genera. However, this outline is variable in both genera, and the posterior margin of the ascend-
ing ramus below the mandibular condyle can be a pronounced curve or slightly curved or even
a straight line, as is present in W. bassleri.

The tooth crown morphology observed in the specimens from Peru is typically bunodont
(fig. 3); the metaconid and hypoconid are well defined and contact each other via minor cus-
pids, as occurs in the bunodont morphology (the lophate connection mentioned by Frailey and
Campbell does not correspond to this morphology). Lower molar teeth, in fact, have a rectan-
gular outline in Waldochoerus bassleri as well as in Tayassu and Dicotyles (instead of a quad-
rangular molar outline referred to by these authors).

According to Frailey and Campbell (2012), Waldochoerus differs from Dicotyles and can be
considered a distinct genus by having: temporal and digastric fossae deeper; coronoid process
with central axis close to vertical and mandibular notch wide (versus coronoid process with
anterior tilt to vertical axis and mandibular notch narrow in Dicotyles); higher placement of
mandibular condyle; posterior margin of ascending ramus below condyle straight for more
than half the height of the ramus before curving smoothly anteriad (posterior margin smoothly
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FIG 3. Waldochoerus bassleri: A, USNM 513223, partial right mandible with m1-m3; B, USNM 513215,
partial right mandible with p4, m2-3; C, USNM 515225, right palatal fragment with P4-M3 (M2 damaged).
Dicotyles tajacu: D, MACN zool 8-X-97-4, left P2-M3, and E, right p2-m3. Scale bars = 1 cm.
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FIG 4. A, Lateral view of the mandible of Tayassu pecari (MCN-M 2663). B, Posterior view of the left dentary
of Dicotyles tajacu (MCN-M 3101). C, Lateral view of mandible of Dicotyles tajacu (MCN-M 3101). D. Occlu-
sal view of the left side of the mandible of Tayassu pecari (MCN-M 2663); E, Occlusal view of the right side
of the palate of Tayassu pecari (MCN-M 2663). F, Occlusal view of the left side of the mandible of Dicotyles
tajacu (MCN-M 3101). Arrows: 1, the shallow post digastric sulcus; 2, the buccinator crest; and 3, the medi-
ally inflected angular process. Scale bars = 1 cm.

curved, beginning at base of condyle in Dicotyles); mandibular angle without ventral extension
below ramus (significant ventral extension in Dicotyles); extremely shallow postdigastric sulcus
(ventral extension of mandibular angle results in deep postdigastric sulcus in Dicotyles);
ascending ramus and angle strongly curved medially, in posterior view (comparatively straight
in Dicotyles); ascending rami diverge sharply laterad from vertical plane of horizontal rami
posterior to m3, in superior view (little or no divergence in Dicotyles); smooth lateral surface
of horizontal ramus (horizontal ramus bulges laterad at m2-3 in Dicotyles); slight medial rota-
tion of m3 (versus greater rotation involving m1-3 in Dicotyles); and teeth with taller bases
and rounded, bulbous conids. Nevertheless, all the characters listed by Frailey and Campbell
(2012) fall within the variation range of Dicotyles tajacu, as we describe below (figs. 3, 4).

Higher placement of mandibular condyle: This feature is commonly observed in both
Tayassu and Dicotyles.

Posterior margin of ascending ramus below condyle straight for more than half height of
ramus before curving smoothly anteriad (posterior margin smoothly curved beginning at base
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of condyle in Dicotyles): This character is quite different from most specimens of Dicotyles;
however, some Brazilian specimens of this genus have this characteristic.

Ascending ramus and angle strongly curved medially, in posterior view (comparatively
straight in Dicotyles): The ascending ramus and angle are also strongly curved medially in both
Tayassu and Dicotyles (fig. 4B).

Ascending rami diverge sharply laterad from vertical plane of horizontal rami posterior to
m3, in superior view (little or no divergence in Dicotyles): This feature observed in Waldochoe-
rus bassleri is similarly developed in both Tayassu and Dicotyles.

Slight medial rotation of m3 (versus greater rotation involving m1-3 in Dicotyles): This
character is not clear. However, it is noteworthy that the tooth series observed in Waldochoerus
bassleri are quite similar to those observed in both extant peccaries.

Teeth with taller bases and rounded, bulbous conids: This feature is the same as
observed in Dicotyles. However, taking into account the variability of this feature in both
Tayassu and Dicotyles, we consider it a nondiagnostic character and therefore not useful
to differentiate taxa.

Features of the diagnosis of Waldochoerus bassleri given by Frailey and Campbell (2012:
866-869) correspond in fact to diagnostic features of the species Dicotyles tajacu, such as: short
to medium-sized peccary, short snout, p4 submolariform and lower molars multicuspidate with
minor cuspids (Gasparini, 2007). The teeth observed in the specimens from Peru are typically
bunodont instead of the selenodont crown morphology referred to by Frailey and Campbell
(2012). These authors also mention as a diagnostic character the presence of lower premolars
with trigonids only slightly taller than talonids, but, as already stated, the height of the trigonid
is variable in tayassuids with bunodont teeth.

The species Dicotyles tajacu has the largest geographic distribution of any living tayassuid,
recorded from north-central Argentina to the southwestern United States (Gasparini et al.,
2006; Gasparini, 2013), and occupies diverse habitats (forests and woodlands, savannas, and
deserts) throughout this distribution. Taking into account the morphological and morphomet-
ric characters observed in the Peruvian specimens and comparing them with other fossil and
living Tayassuidae specimens, we conclude Waldochoerus bassleri is based on specimens of
Dicotyles tajacu. Therefore, we consider W. bassleri a junior subjective synonym of D. tajacu.

CETARTIODACTYLA Montgelard, Catzeflis and Douzery, 1997
RUMINANTIA Scopoli, 1777
CERVOIDEA Batsch, 1788

REFERRED MATERIAL: LACM 5159/155113, left ramus with p3-m3, broken at the symphysis
just in front of mental foramen (holotype of Surameryx acrensis Prothero et al., 2014) (figs. 5-7).
IDENTITY OF Surameryx acrensis: Dromomerycinae is a group of deerlike ruminants that
share some affinities with true deer, as both groups are part of the superfamily Cervoidea. They
are usually included in the family Palaeomerycidae (Janis and Manning, 1998; Prothero and
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FIG 5. A, Plate depicting Dromomeryx from Douglass (1909) with white arrows indicating the Palaeomeryx
fold. B, LACM 155113, the holotype of Surameryx acrensis in occlusal (above) and left lateral (below) views,
showing the absence of the Palaeomeryx fold in this specimen. Scale bar = 1 cm.
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FIG 6. Left dentaries in lateral view: A, UFMG 6087, Odocoileus virginianus from Roraima, Brazil; B, unnum-
bered specimen (teaching collections of UFMG) of Mazama americana from Brazil; C, LACM 155113, the
holotype of Surameryx acrensis. Scale bar = 1 cm.
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Liter, 2008) but are sometimes considered to constitute a distinct family (Dromomerycidae)
that is not particularly closely related to the former (Sanchez et al., 2015). Dromomerycines
are restricted to the Miocene and early Pliocene of North America, and were moderately
diverse during the middle Miocene, especially in the early Barstovian NALMA (Janis and Man-
ning, 1998; Prothero and Liter, 2008). They are characterized by the presence of unbranched,
nondeciduous cranial appendages on the frontal bone and some dental features, including large
and nonmolariform premolars, no permanent first premolar, and the “Palaeomeryx fold,” a
short enamel ridge that extends posteromedially from the protoconid on the labial face of the
lower molars. Many species also possess a double posterior lobe on m3 that is closed posteri-
orly (Janis and Manning, 1998; Prothero and Liter, 2008).

Prothero et al. (2014) compared Surameryx acrensis to an extensive list of ruminants, includ-
ing Antilocapridae, Blastomerycinae (Moschidae), Hypertragulidae, Gelocidae, Leptomerycidae,
Protoceratidae, and Camelidae, but we will restrict our discussion to the Palaeomerycidae (Drom-
omerycinae) and Cervidae because: (1) we agree with the features noted by Prothero et al. (2014)
that preclude referral of LACM 5159/155113 to these other families; and (2) these groups are
unlikely candidates for referral of the specimen. We will, therefore, address the reasons given for
identifying Su. acrensis as a member of the Dromomerycinae and why a cervid identity was dis-
carded. Only dental characters were used to assign the specimen to Dromomerycinae and,
although dental characters in cervoid artiodactyls are highly homoplastic, some are in fact diag-
nostic. However, this is not the case for the characters used by Prothero et al. (2014).

The “Palaeomeryx fold” occurs in primitive Palacomerycidae and other groups of nonce-
tacean cetartiodactyls such as some Moschidae, some ruminants like Eumeryx (Prothero et al.,
2014), and in some Miocene Cervidae (Janis and Scott, 1987). This structure, common in
primitive Palacomerycinae, is absent in most later Dromomerycinae (Solounias, 2007). The
“Palaeomeryx fold” is not present on molars of the holotype of Surameryx acrensis, despite the
authors (Prothero et al., 2014) describing it as the worn shape of a flange of exposed dentine
connected to the postprotocristid of the protoconid, which is simply not visible on the speci-
men (fig. 5). The teeth of the specimen are very worn and, as befits an old individual, the heavy
wear has played a part in confounding and obscuring some of the dental features. The proto-
conid and hypoconid region is broken in m2, which may have been mistaken for a “Palaeom-
eryx fold,” but the assertion that it is present in m3 is puzzling. Prothero et al. (2014) also state
that the molars “have the classic configuration of palacomerycids,” although most of the fea-
tures described subsequently also agree with the molars of a cervid.

Another character mentioned is a vertical groove on the posterolingual face of p4 that
divides the trigonid from the talonid. It divides the tooth into a posterior third separated from
the anterior two-thirds by a lingual waist and is known to occur in giraffids, the palacomerycid
Amphitragulus, the bovid Eotragus, the ruminant Prolibytherium, dromomerycids, and blasto-
merycids (Janis and Scott 1987). The authors (Prothero et al., 2014) consider it typical of
“nearly all palacomerycids,” but it is also present in large South American cervids (e.g., Odocoi-
leus, Ozotoceros; fig. 7). They consider the “detailed pattern of pm3 and pm4 are almost identi-
cal to those seen in most primitive New World Palaeomerycidae” (Prothero et al., 2014: 436).
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FIG 7. Left lower tooth series in occlusal view with arrows indicating the vertical groove on the posterolingual
face of p4 that divides the trigonid from the talonid: A, MN 206, Ozotoceros bezoarticus from Brazil; B,
unnumbered specimen (teaching collections of UFMG) of Mazama americana from Brazil; C, LACM 155113,
the holotype of Surameryx acrensis. Scale bar = 1 cm.

The holotype of Surameryx acrensis presents a significantly worn premolar series and a
nonmolariform p4, interpreted by Prothero et al. (2014) as a dromomerycine-like feature. Bar-
bourumeryx trigonocorneus, a dromomerycine used for comparison, shows a nonmolariform
p4, but it is developed in a different way (Prothero et al., 2014). Prothero et al. (2014) also
consider a closed fossette in the p4 trigonid as “a derived feature of dromomerycines,” but it
also occurs in cervids (Heckeberg, 2020). In addition, with wear the premolars lose the cusps
and expose the dentine, and the fossettes may be entirely enclosed by wear. The shape of the
p4 is highly variable in cervids, ranging from relatively simple to molariform (Heckeberg,
2020). In Su. acrensis, the p4 is similar to the worn corresponding tooth of South American
cervids (fig. 7), being particularly similar to a highly worn p4 of Odocoileus virginianus (Sev-
eringhau, 1949; Cooper et al., 2013).

It is also noteworthy that no records of Dromomerycinae are known from Central Amer-
ica, including the rich early Miocene deposits of Panama (MacFadden, 2006; Kirby et al., 2008).
Despite a great diversity of both browsing and grazing ungulates, including extinct cetartio-
dactyls such as Protoceratidae, Oreodontidae, and Anthracotheriidae, as well as camels (Flori-
datragulinae), musk deer (Moschidae), horses (Equidae), and rhinoceros (Rhinocerotidae)
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(MacFadden, 2006, 2009; Rincon et al., 2015), to date, not a single fossil from Central America
can be attributed to Dromomerycinae. At present, the southernmost record of this group is the
southern United States (Janis and Manning, 1998; Prothero and Liter, 2008). If LACM
5159/155113 is indeed a Dromomerycinae, it would imply a huge geographic gap in dromom-
erycine distribution that cannot reasonably be attributed to a lack of sampling.

We believe that the interpretation of the holotype specimen of Surameryx acrensis as a
dromomerycine Palacomerycidae was heavily influenced by its supposed late Miocene age; at
that time, cervids are unknown in North America (Webb, 1998; Prothero et al., 2014: 437). If
the preserved morphology is the only information considered, the identity of the material
becomes clearer, and we attribute LACM 5159/155113 to Cervidae, likely an old individual
with a dental age greater than seven years (Cooper et al., 2013). Given the uniformity usually
found in the teeth of cervids, a specific identity may be difficult to reach. The size of the speci-
men agrees with small members of the genus Mazama and South American populations of O.
virginianus, but the horizontal ramus is taller in lateral view. The possible taxonomic signifi-
cance of this latter characteristic is not known.

SPECIMEN PROVENANCE AND AGE

The authors of the alleged Dromomerycine and Miocene tayassuids from Peru considered them
about 9.01 million years old (Frailey and Campbell, 2012; Prothero et al., 2014), but current concepts
of the stratigraphy of Cenozoic deposits in Amazonia, as recognized by Frailey and Campbell
(2012), are highly contentious (Campbell et al., 2001, 2006; Latrubesse et al., 2007, 2010). Prothero
et al. (2014) refer to Carranza-Castaiieda and Miller (2004) as support for the revised age of the
GABI, citing “new discoveries in Central America,” but this fauna is from central Mexico, near the
southern tip of North America; it is dated to the Hemphillian/Blancan boundary (ca. 4.5 Ma; early
Pliocene), half the reputed age of the Amazonian Miocene artiodactyls, and refers mainly to ground
sloths, which are known in North America since the early Hemphillian (Marshall, 1988; McDonald
and Naples, 2008). Frailey and Campbell (2012) and Prothero et al. (2014) see the putative Peruvian
tayassuids and dromomerycine as part of an immigration of these and other mammals from North
to South America during the late Miocene, about 10 Ma. However, similar claims of a Miocene age
for the gomphotheriid proboscidean “Amahuacatherium” from Peru (Campbell et al., 2000, 2009),
a supposed element in this immigration, have been refuted in previous works (Alberdi et al., 2004;
Ferretti, 2008; Woodburne, 2010; Lucas, 2013; Mothé and Avilla, 2015).

The stratigraphic origin of the Peruvian tayassuid specimens is also unclear. Only four of
the Tayassuidae specimens have stratigraphic information (Frailey and Campbell, 2012). Two
of them, including the holotype of Waldochoerus bassleri, were collected “from surface depos-
its” (Frailey and Campbell, 2012: 853), but it was assumed that they came from the “Acre
Conglomerate” (a unit discussed in the stratigraphy section below) because they were collected
during the rainy season. However, the conglomerate is under the high-water line during that
season (Campbell et al., 1985: fig. 22; 2000: fig. 3; 2001: figs. 1, 11; 2006: fig. 6), which has been
confirmed by personal observation by one of us (M.A.C.).
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The holotype of Sylvochoerus woodburnei was collected by G.G. Simpson (1953) at the
upper Jurua River, Acre State, Brazil. Simpson and Paula-Couto (1981: 47) described the speci-
men as “indistinguishable from the homologous parts of the Recent white lipped peccary, still
living in the same region” (i.e., Tayassu pecari) and concluded its age was “probably Recent.”
At the same locality (Locality 3, Gastao), numerous specimens of Pleistocene mammals were
found (Simpson and Paula-Couto, 1981: 21, figs. 2, 3), which suggests the specimen could be
Pleistocene in age.

The remaining specimens attributed to Tayassuidae lack precise geographic or stratigraphic
data (Frailey and Campbell, 2012: 852). Most of them come from the Harvey Bassler Collection
of Peruvian Fossils, which were collected during the 1920s by an American petroleum geologist
in Peru (Willard, 1962, 1966) and derive from three broadly assigned “localities™ (1) Inuya
River; (2) eastern end of Pongo de Manseriche (Puerto Beatrix); and (3) Mapuya. Given that
Bassler had no access to detailed topographic maps in the 1920s, these names are the only
geographic provenance provided, and there is no explicit lithostratigraphic context associated
with his collections (Willard, 1962, 1966). Indeed, Willard (1962) drew attention to the mixed
nature of the vertebrate fossil “assemblages” collected by Bassler, which include disarticulated
and scattered elements of marine and nonmarine taxa (see below), many of which are abraded
by transport or erosion. Further, as is clear from Frailey and Campbell (2012), at least the Inuya
River locality likely consists of more than a single assemblage; it includes fossils collected at
the Inuya River in 1922 (including specimens of Sylvochoerus woodburnei and Waldochoerus
bassleri), specimens from a beach on the Inuya River (perhaps a distinct locality?) collected in
1922 (including a specimen of Sylvochoerus woodburnei), and many specimens with no date of
collection indicated, including most of the USNM peccary specimens. An ulna collected in
1929 from the Pongo de Manseriche locality was referred to Sylvochoerus woodburnei by Frailey
and Campbell (2012), and a specimen collected in 1929 at Mapuya is one of the paratype
specimens of Waldochoerus bassleri.

Willard (1966: 75) lists the collective Inuya River fossils as those of fishes, turtle, crocodile,
peccary, toxodont, marsupial, glyptodont, astrapothere, and possibly bird. Willard (1966) lists the
collective assemblage from Pongo de Manseriche as fish (including sharks), turtle, reptile, peccary
and mammal, associated with “Pliocene Mollusca,” but the basis for assigning the molluscs a
Pliocene age is not clear. The Mapuya River fossils, according to Willard (1966: 76), are similar
to those from the Inuya River and also include an astrapothere. The astrapothere is the only pos-
sible evidence of a Miocene age. However, the geologically youngest astrapotheres are middle
Miocene in age rather than late Miocene (Goillot et al., 2011; Croft et al., 2020a, 2020b) and
therefore provide no support for a late Miocene age for the peccaries. Additionally, given that
Pleistocene mammal-bearing strata rest (with evident unconformity) directly on Miocene mam-
mal-bearing strata in upper Amazonia, these “assemblages” are surely mixed, as first suggested
by Willard (1962). Thus, there is no basis for directly assigning a late Miocene age to the peccary
fossils in the Bassler collection. The provenance and age of the only known specimen of Sur-
ameryx acrensis is equally dubious. It was collected “as riverine float” (Prothero et al., 2014: 440),
and, although the possibility of a Pleistocene age was mentioned, it was dismissed.
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FIG 8. Schematic section showing the characteristic main elements of the landscape in southwestern Brazilian
Amazonia (lowlands). Modified from Latrubesse et al. (2010).

STRATIGRAPHY AND AGE OF AMAZONIAN DEPOSITS

Interpretation of Amazonian stratigraphy is central to this discussion. The authors follow
Campbell et al. (2006) in assuming the existence of the “Ucayali unconformity;” an alleged
regional tectonic feature found across the Amazon as a consequence of Quechua I and II phases
of Andean tectonism. Above this peneplain, according to them, is a conglomerate, often called
the “Acre conglomerate,” the source of many of the vertebrate fossils recovered from the out-
crops along the Acre and Jurua rivers, in southwestern Amazonia. Along the upper Acre River,
this conglomerate is intraformational and composed of clay-pebble balls formed from the
underlying clays of the Solimées Formation (Frailey, 1986; Cozzuol, 2006). Along the Jurua
River, the pebbles are composed of hard concretions and quartzite, 10-15 cm in diameter, and
the matrix is sandy to clayey-sandy, made of indurated sediment (Latrubesse and Rancy, 1998).
Occasionally, in the upper Jurua River, conglomerates may occur also at other stratigraphic
levels, but in all cases they are of the same nature (Latrubesse and Rancy, 1998: fig. 3).

These coarse sediments are channel lithofacies that represent channel reactivation of a
gradational fluvial system during subsidence, which flowed and eroded into a muddy riverbed,
cutting floodplain or lake deposits. Mud balls were eroded and transported short distances by
processes like erosion of a muddy channel bottom, the entrance of a channel into muddy sedi-
ments such as a saturated floodplain/lake, the generation of a new fluvial belt by avulsion that
cut the fine-grained sediments of the floodplain, and mass movements along the banks that
introduced sediments into the channel. Consequently, they are discontinuous and not a con-
tinuous layer of conglomerate (Latrubesse et al., 2007, 2010).
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The underlying Solimées Formation, also called the Pebas or Ipururo Formation in Peru, is the
result of a fluvio-tidal mega wetland (palustrine) environment that developed in western Amazonia
from 11-7 Ma (Latrubesse and Rancy, 1998) in a subsiding basin. As in the present-day Pantanal,
rivers had no fixed courses and migrated laterally, producing a variety of environments such as
swamps, lakes, grasslands, and localized forests in which a diverse fauna flourished (Cozzuol, 2006;
Latrubesse et al., 2007, 2010; Antoine et al., 2016). By the end of this period, the subsidence and
sedimentation virtually stopped, so the rivers were set to stable courses, and an erosive phase started
in the west while sedimentation increased in eastern Amazonia, originating the modern Amazon
fluvial system (Latrubesse and Rancy, 1998). This produced a sedimentation gap in western Ama-
zonia that lasted until the late Pleistocene, reflected by a dramatic drop in the fossil record (Antoine
etal,, 2016). Deposits representing this interval may be found locally as older riverine terraces, such
as those along the Acre, Jurua, Beni, and Madre de Dios rivers (Simpson and Paula-Couto, 1981;
Frailey, 1986; Latrubesse and Rancy, 1998; Cozzuol, 2006; Latrubesse et al., 2007, 2010).

The composite section that is illustrated in several papers by Campbell, Frailey, and cowork-
ers since 1985 (Campbell et al., 1985, 2000, 2001, 2006; Frailey, 1986) has remained the same
over the years, but the age changed from Holocene, with Miocene strata just at the base, to an
entirely Tertiary succession. Figure 8 shows the sections at the river bank as fluvial terraces
deposited as the river excavated its channel, producing an incised, reversed-in-time sequence,
with younger deposits topographically lower than the older ones (Latrubesse et al., 2007, 2010).
This explains the late Pliocene age (3.12 Ma) obtained at the Piedras locality (Campbell et al.,
2001) from the older and higher terraces.

The late Miocene age (9.01 Ma) obtained from what they called Unit A apparently is
not compatible with this interpretation. The problem with this age is its provenance.
Campbell et al. (2000: 77) said “The outcrop is heavily vegetated, however, so it was not
possible to observe directly its relationships to other horizons of Unit ‘A’ exposed just
upriver.” However, it may even not be in this “horizon.” It should be noted that the paleo-
relief on top of the Solimdes Formation (also known as Pebas, Ipuro, and other names) is
variable, making it possible that the ashes from which the late Miocene dates of the Cocama
locality were obtained (Campbell et al., 2000, 2001) may have come from outcrops of the
Solimdes/Ipuro Formation.

Similar terrace sequences are observed along the Mamoré-Madeira River, but since it runs
on the border of the Brazilian craton instead of on Tertiary sediments, only Quaternary fauna
has been recovered from them. These are the same taxa found at other localities, especially those
from the upper Jurua River (Simpson and Paula-Couto, 1981; Latrubesse and Rancy, 1998; Latru-
besse et al., 2007, 2010) where they are often mixed with reworked late Miocene taxa.

CONCLUSION

There is no convincing evidence for the presence of terrestrial cetartiodactyls in the Mio-
cene of South America. Our morphological analyses of the holotype and only specimen of
Surameryx acrensis, a supposed Miocene dromomerycine, indicate that it represents a cervid
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rather than a dromomerycine. Similarly, the supposed late Miocene tayassuid taxa Sylvochoerus
woodburnei and Waldochoerus bassleri are based on materials that fall within the range of varia-
tion observed in T. pecari and D. tajacu respectively, and thus are synonymous with these
species. The lack of precise geographic and/or stratigraphic provenance for these specimens
precludes independently constraining their ages. As a result, the most parsimonious conclusion
is that these remains pertain to Quaternary representatives of modern species rather than late
Miocene species. The stratigraphic scheme advocated as supporting a late Miocene age for
certain outcrops in the area does not take into consideration the fluvial activity in the region
and does not support a late Miocene age for these specimens.

It is noteworthy that all three of these alleged late Miocene species represent endemic
genera; this suggests a relatively long time of local isolation, which implies that their ancestors
must have arrived even earlier. However, no mammals of North American affinities have been
found at older localities in northern South America, some of which are close to the areas where
the specimens were collected. Accepting the idea that these species are late Miocene endemics
requires making unreasonable assumptions about the incompleteness of the fossil record of
both the northern tropics and other parts of South America. Taken together, morphological,
geological, and paleontological data do not support the idea that terrestrial cetartiodactyls
immigrated from North to South America during the late Miocene.
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