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Abstract Gomphotheriid proboscideans reached South America as Late Cenozoic im-
migrants from North America. However, disagreements over alpha taxonomy, age dating and
phylogenetic relationships have produced three competing hypotheses about this immigra-
tion: (1) a single gomphothere immigration took place soon after the ~ 3 Ma closure of the
Panamanian isthmus; (2) two separate gomphothere immigrations took place after closure of
the isthmus; or (3) an earlier, Late Miocene (before 9 Ma) immigration brought gomphotheres
into South America. A critical re-evaluation of the alpha taxonomy, age dating and phyloge-
netic relationships of Neotropical gomphotheres identifies two valid genera of South Ameri-
can gomphotheres, Cuvieronius and Notiomastodon (= “Haplomastodon”, = “Stegomastodon”
from South America) and recognizes “Amahuacatherium” as an invalid genus likely based on
a specimen of Notiomastodon. The oldest well-dated South American gomphothere fossil is
Marplatan, ~ 2.5 Ma, from Argentina. The case for an age of “Amahuacatherium” older than
9 Ma is refuted by mammalian biostratigraphy and a re-evaluation of the relevant magne-
tostratigraphy. North American Rhynchotherium descended from Gomphotherium during the
Late Hemphillian (~ 5-6 Ma) and gave rise to Cuvieronius in North America by the end of the
Blancan (~ 2 Ma) time. Notiomastodon evolved from Cuvieronius in South America during the
Pleistocene. The case for a close relationship between the Neotropical gomphotheres and
Sinomastodon from China is rejected. Central America was not a center of endemic gompho-
there evolution and merely acted as a pathway for the immigration of gomphotheres from north
to south: Gomphotherium into Central America during the Miocene, Cuvieronius to Central
America by Early Pleistocene time and on to South America. After closure of the Panamanian
isthmus, Cuvieronius immigrated to South America, where it gave rise to Notiomastodon by
Middle Pleistocene time. The South American history of gomphotheres was thus a modest
evolutionary diversification from a single Plio-Pleistocene immigration.
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ensued is one of the most significant and written about

During the Late Pliocene, about 3 Ma, the Panamanian
isthmus closed, joining North and South America by a dry-
land connection for the first time since the Jurassic. What
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palacobiogeographic events in mammalian history—the
“Great American Biotic Interchange” (GABI) (e.g., Wood-
burne, 2010). Mammals immigrated from North America
to South America and vice versa, fundamentally altering
the Pleistocene to recent mammalian faunas of the New
World continents. One of the most important mammalian
groups that participated in the GABI were the Probos-
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cidea, the elephants and their allies.

The Proboscidea had entered North America from Eur-
asia during the Middle Miocene, about 16 Ma (Prothero
and Dold, 2008; Prothero ef al., 2008). Once in the New
World, gomphotheres rapidly spread across North Amer-
ica so that their Miocene fossils are found from western
Canada to Florida and in Mexico as far south as Oaxaca
(Lambert and Shoshani, 1998). The oldest Central Ameri-
can gomphothere records, in Guatemala, Honduras and
Costa Rica, are Late Miocene in age, about 7 Ma (Lucas
and Alvarado, 2010).

The appearance of proboscideans in South America
is now a subject of lively discussion. Traditionally, pro-
boscideans were believed to have entered South America
only after closure of the Panamanian isthmus. Indeed, the
oldest well-dated proboscidean fossil from South America
postdates that closure; it is from Argentina and is ~ 2.5
Ma (Reguero et al., 2007). All but one South American
proboscidean fossil are evidently younger than that. The
exception is a single gomphothere fossil from Peru, named
Amahuacatherium peruvium and claimed to be older than
9 Ma (Frailey et al., 1996; Romero-Pittman, 1996; Camp-
bell et al., 2000, 2001, 2009, 2010). If correctly dated, this
fossil indicates an older, Miocene entry of gomphotheres
into South America.

Further fuel for controversy about the entry of gompho-
theres into South America stems from different views of
the alpha taxonomy and evolutionary history (phylogenetic
relationships) of South American gomphotheres. One view

sees a small group of South American taxa, all descended
from a single immigrant, whereas another sees two differ-
ent taxa that represent two separate immigrations.

My goal here is to review this controversy over the pal-
acobiogeography of South American gomphotheres. In so
doing, I critically assess the alpha taxonomy, age dating
and phylogenetic relationships of South American gom-
photheres. I conclude that the best data and most support-
able inferences indicate a single immigration of gompho-
theres into South America after Pliocene closure of the
Panamanian isthmus that led to a modest, endemic evolu-
tionary radiation of gomphotheres in the South American
Neotropics.

2 History of the problem

The scientific study of South American gomphotheres
is as old as the science of vertebrate palacontology itself,
and began with the legendary South American expedition
of German renaissance man Alexander von Humboldt
(1769—1859). Humboldt brought two proboscidean teeth
back to Europe, which he gave to French savant Georges
Cuvier (1769—1832), who many regard as the first verte-
brate palacontologist. Cuvier (1806) described and illus-
trated these teeth (Fig. 1), and based on his work they were
soon assigned to separate species, as Mastodon andium
and Mastodon humboldtii. What followed was a century
of diverse discoveries of proboscidean fossils in South
America, notably in Brazil, Bolivia, Ecuador and Argen-

Fig.1 Cuvier's (1806) illustrations of the teeth of the “mastodonte des cordilléres” (A-Later called Mastodon andium) and the “mas-
todonte humboldien” (B-Later called Mastodon humboldtii). The tooth in A is a left m2, and the tooth in B is an incomplete m1 or dp4.
Alexander von Humboldt collected the tooth in A from Ecuador (from the volcano of Imbabura near Quito), and he collected the tooth

in B in Chile.
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tina (Osborn, 1936, pp. 515—537, provides a detailed his-
torical review).

The classic monograph on the fossil mammals from
Tarija, Bolivia, by Boule and Thevenin (1920), well re-
flected approximately 100 years of taxonomic thought
about the South American gomphotheres. All were regard-
ed as “mastodonts” (a term that included what are now
referred to as gomphotheres) and generally assigned to
two species of the genus Mastodon. Joleaud (1939, pl. 89
and accompanying text) envisioned these “mastodonts” as
having immigrated in South America during the “Middle
Pliocene.”

However, although Joleaud (1939) well captured a 19th
century understanding of the South American gompho-
theres, he apparently was unaware of work by Cabrera
(1929) and Osborn (1923, 1926, 1936) that altered their
taxonomy and perceived evolutionary relationships. Thus,

Osborn identified two taxa of South American gompho-
theres—one, a mountain gomphothere that he named Cor-
dillerion and the other, a lowland gomphothere, he named
Cuvieronius (Fig. 2). Cabrera, however, took a different
view of their taxonomy and chose to assign the gompho-
theres from the environs of Buenos Aires, Argentina, to an
otherwise North American genus, Stegomastodon, and to
anew genus, Notiomastodon. He also made a nomenclatu-
ral mistake and applied the name Cuvieronius to Osborn's
mountain gomphothere. Osborn (1936) took vigorous
exception to Cabrera's work (Cabrera, 1929), but unfor-
tunately Osborn's successors did not, and Cabrera's tax-
onomy became widely used.

After Osborn and Cabrera, the most influential stud-
ies of South American gomphotheres were those of Hoff-
stetter (1950, 1952, 1955) and Simpson and Paula Couto
(1957). Hoffstetter named the subgenus Haplomastodon

lowland gomphothere

Fig. 2 Osborn (1923, 1926, 1936) first identified the dichotomy in South America between a mountain gomphothere he called Cor-
dillerion and a lowland gomphothere he named Cuvieronius. Now, the mountain gomphothere is called Cuveronius and the lowland

gomphothere is Notiomastodon (= Haplomastodon). (after Osborn, 1936).
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of Stegomastodon, and Simpson and Paula Couto elevat-
ed Haplomastodon to generic rank. Although Hoffstetter
had designated Mastodon chimborazi Proafio, 1922 as the
type species of Haplomastodon, Simpson and Paula Couto
(mistakenly) considered Mastodon waringi Holland, 1920,
to be the type species. Hoffstetter took vigorous exception
to this, but subsequent workers perpetuated this error. Very
important, though, was documentation of the morphology
and variation of a large sample of “Haplomastodon war-
ingi” from Minas Gerais in Brazil by Simpson and Paula
Couto (1957). Similar documentation of variation in a
sample of Cuvieronius hyodon (“Mastodon andium’) from
Tarija, Bolivia, had earlier been published by Boule and
Thevenin (1920). Also significant was recognition of four
valid genera of South American gomphotheres by Simp-
son and Paul Couto (1957): Cuvieronius, Haplomastodon,
Notiomastodon and Stegomastodon.

What followed were nearly 50 years of diverse com-
mentary on the Neotropical gomphotheres, but no basic
taxonomic works like those of Boule and Thevenin, Hoff-
stetter and Simpson and Paula Couto. There arose two dif-
ferent views of the palacobiogeographic history of South
American gomphotheres, well reflected by the summaries
of Savage (1955) and Webb (1992). Savage (1955) stressed
the morphological similarity of primitive North American
Stegomastodon and the taxon Hoffstetter had named Hap-
lomastodon. Savage (1955) thus envisioned two immigra-
tion events of proboscideans from North to South America
during the Blancan—Cuveronius and Stegomastodon as
separate immigrants—the latter giving rise to South Amer-
ican Notiomastodon and Haplomastodon with parallel evo-
lution of the separate North and South American stocks of
Stegomastodon (Fig. 3).

Webb (1992) took a different tack. He united all of
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Fig. 3 Savage's (1955) phylogeny of Stegomastodon and related gomphotheres accepted Cabrera’s (1929) identification of Stego-
mastodon in South America, making it necessary to have two separate lineages of Stegomastodon, north and south, evolve in parallel

(after Savage, 1955).
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the South American gomphotheres in the subfamily No-
tiomastodontinae and argued that Rhynchotherium gave
rise to Cuvieronius in North America during the Pliocene.
Cuvieronius then immigrated in South America during the
Early Pleistocene (Irvingtonian) and gave rise to Notio-
mastodon and Haplomastodon. Until about a decade ago,
this idea of a single Pliocene immigration of gompho-
theres to South America was the prevalent view.

During the last decade, several workers have re-exam-
ined the South American gomphotheres. More extensive
has been the work of Alberdi, Prado and collaborators
(e.g., Alberdi and Prado, 1995; Frassinetti and Alberdi,
2000; Prado et al., 2002, 2003, 2005; Alberdi et al., 2002,
2004, 2007; Sanchez et al., 2003, 2004; Prado and Alberdi,
2008). They published alpha taxonomic revisions of the
Chilean, Brazilian and Argentinian material to recognize
two genera: Cuvieronius and Stegomastodon (= Notio-
mastodon and Haplomastodon).They thereby reprised the
dichotomy of a mountain gomphothere (Cuvieronius) and
a lowland gomphothere (Stegomastodon) that arrived in
South America by separate immigrations. Alberi and Pra-
do see these immigrations as part of the GABI, occurring
after the closure of the Panamanian isthmus.

Recently, the Alberdi-Prado synthesis has been criti-
cized. In particular, applying the name Stegomastodon to
any South American gomphothere fossil has been ques-
tioned, with various workers arguing that the name Ste-
gomastodon should not be applied to any South American
gomphothere (Ferretti, 2008; Lucas and Alvarado, 2010;
Lucas et al., 2011a, 2011b; Mothé et al., 2012a, 2012b).

Also, during essentially the last decade, a supposed
new gomphothere taxon (Amahuacatherium) of putative
Miocene age has been described from Peru. Frailey et al.
(1996) preliminarily published this fossil, Romero-Pttman
(1996) named it and Campbell ef al. (2000, 2001, 2006,
2009, 2010) have argued that it is morphologically distinc-
tive and that it comes from deposits that underlie an ~ 9
Ma unconformity. If correctly dated, Amahuacatherium
indicates the arrival of gomphotheres in South America
during the Miocene, much earlier than other hypotheses
of gomphothere dispersal. Thus, a Miocene Amahuacath-
erium introduces a third hypothesis of gomphothere im-
migration in South America.

Thus have arisen three hypotheses of gomphothere dis-
persal to South America;

1) A single gomphothere immigration took place soon
after closure of the Panamanian isthmus, ~ 2.5—3 Ma.

2) Two separate gomphothere immigrations took place
after closure of the isthmus.

3) An earlier, Late Miocene (before 9 Ma) immigration
brought gomphotheres into South America.

To evaluate these three hypotheses, three data sets need
to be addressed: alpha taxonomy, dating (temporal [strati-
graphic] distribution) and phylogeny.

3 Taxonomy

There has been much disagreement and confusion over
the alpha taxonomy of Neotropical gomphotheres. I here
recognize three valid genera of Neotropical gompho-
theres: Gomphotherium, Cuvieronius and Notiomastodon.
Gomphotherium and Cuvieronius have records in Central
America, whereas Cuvieronius and Notiomastodon are
known from South America (Fig. 4). There are no records
of Rhynchotherium or Stegomastodon in the tropics: both
are North American genera known only as far south as
Mexico (Lucas and Morgan, 2008; Lucas et al., 2011a,
2011b; and discussion below).

3.1 Gomphotherium

Gomphotherium (Fig. 5) is an Old World and New
World gomphothere with a long stratigraphic range
through most of the Miocene and Pliocene, characterized
by its low and long skull with upper tusks with enamel
bands, lower jaw with two elongate lower tusks in an
elongate mandibular symphysis and last molars with 3—5
lophs/lophids that wear to single trefoils (e.g., Tobien,
1973; Lambert and Shoshani, 1998). Gomphotherium was
common in North America during the Miocene (Barstovi-
an-Early Hemphillian), but rare during the Pliocene (Late
Hemphillian). Its records in North America extend as far
south as southern Mexico (e.g., Ferrusquia-Villafranca,
1984, 1990; Lambert and Shoshani, 1998). A large num-
ber of species of Gomphotherium have been recognized,
but Tobien (1978) argued that only one North American
species is valid, G. productum. However, I believe the ge-
nus is more speciose in the New World (cf., Heckert et al.,
2000) and that there are at least two species known from
North America, and another is known from Central Amer-
ica. Thus, I accept the conclusion of Lucas and Morgan
(2008) that the Central American species Gomphotherium
hondurensis (= Aybelodon hondurensis, = Blickotherium
blicki) is not a species of Rhynchotherium, but instead a
derived species of Gomphotherium (Fig. 6).

Lucas and Alvarado (2010) reviewed records of Gom-
photherium in Central America, which are in Guatemala,
Honduras, El Salvador and possibly Costa Rica. These
records are likely all of Hemphillian age, though the only



24

JOURNAL OF PALAEOGEOGRAPHY

Jan. 2013

Tropic of GoPAT o ¥

L S

4 Cuvieronius localities Ay L

» 4
& ARGENTINAe "

e
GUAY, .

;! o . xm;!;..a‘"’;'
3o 8 o TN

)

.
| . 9
. ?‘%‘ . ,

J
. f} :
e ¥y

. ¥
» A
£ X 'Kfy*"b
- urRUBUAY
b 004,

i

- 2

. ® Notiomastodon localities

Fig. 4 Principal occurrences of fossils of Cuvieronius and Notiomastodon (= Haplomastodon) in South America (after Mothé et al.,

2012a). The light gray area encompasses the distribution of Cuvieronius fossils, whereas the dark gray area delineates the distribution

of Notiomastodon fossils.

definitely dated records are from the Gracias Formation in
Honduras. These are also the only Gomphotherium records
in Central America that are not just isolated teeth. Frick
(1933) first documented the Honduran Hemphillian gom-
photheres, naming them Aybelodon hondurensis and Blicko-
therium blicki (Fig. 6). It has long been agreed that these
should be synonymized as one species, though this species

was long assigned to Rhynchotherium. Rhynchotherium is
otherwise a North American genus of Blancan age, so the
presence of supposed Hemphillian rhynchotheres lead to the
idea that Rhynchotherium originated in Central America.
However, a vision of the taxonomy of Rhynchotherium
redefines the genus to exclude the Honduran taxon (Lu-
cas and Morgan, 2008). Instead, the Honduran gompho-
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Fig. 5 Restoration of the head of Gomphotherium, by Pedro Toledo. Note the long and low skull and the upper and lower tusks.

theres are a geologically young and advanced species of
Gomphotherium, G. hondurensis. Similar Gomphotherium
are known from the Hemphillian of the USA, such as G.
“riograndensis” from New Mexico (Frick, 1933). Gom-
photherium evidently came to Central America from North
America during the Late Miocene and did not extend its
distribution into South America.

3.2 Cuvieronius

Cuvieronius (Fig. 7) is a New World gomphothere
known from the Early Pleistocene of North America and
the Pleistocene of Central and South America (e.g., Dud-
ley, 1996; Lambert, 1996; Lambert and Shoshani, 1998;
Prado et al., 2005; Lucas, 2008a; Ferretti, 2008). In North
America, Cuvieronius records are known across Mexico
(e.g., Montellano-Ballesteros, 2002; Alberdi and Corona-
M., 2005) and in the southern United States in Arizona,
New Mexico, Texas and Florida (e.g., Kurtén and Ander-
son, 1980; Dalquest and Schultz, 1992; Webb and Dudley,
1995; Lucas et al., 1999, 2000; Hulbert, 2001; Bell et al.,
2004; Lucas and Morgan, 2005; Lucas, 2008a). In South
America, Cuvieronius records extend from Peru through
Chile (Fig. 4).

Characteristic features of Cuvieronius include its rela-
tively long and low vaulted skull, large upper tusks with

spiral enamel bands, lack of lower tusks, short mandibular
symphysis that is not strongly downturned and bunolopho-
dont third molars that have 4—5 lophs/lophids with slightly
alternating cusps between them (Fig. 8). The twisted upper
tusk, with its spiral band of enamel, is a derived feature
shared by Cuvieronius and Rhynchotherium (see later dis-
cussion).

Most recent workers have generally regarded two spe-
cies of Cuvieronius as valid, the type species C. hyodon
(Fischer, 1814) and C. tropicus (Cope, 1884) (cf., Sho-
shani and Tassy, 1996). Indeed, it became traditional to
refer all North American (from Mexico northward) speci-
mens of Cuvieronius to C. tropicus, and to refer all South
American specimens to C. hyodon. Some authors referred
Central American (especially specimens from Honduras,
Costa Rica and El Salvador) specimens to C. hyodon (e.g.,
Laurito, 1988) whereas others referred them to C. tropicus
(e.g., Webb and Perrigo, 1984). A few authors remained
undecided as to any species-level assignments pending
a revision, or simply fell back on using the type species
C. hyodon (e.g., Lambert, 1996; Lambert and Shoshani,
1998). However, as Lucas (2008a) concluded, extensive
revision of the South American specimens of Cuvieronius
(see especially Frassinetti and Alberdi, 2000; Prado ef al.,
2002, 2003, 2005; Alberdi et al., 2004) has established a
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Fig. 6 Selected Gomphotherium hondurensis from the Late Miocene (Hemphillian) of Honduras

holotypes of Blickotherium

blicki and Aybelodon hondurensis from the Gracias local fauna.These specimens were long assigned to Rhynchotherium, but are now
considered to be an advanced species of Gomphotherium (Lucas and Morgan, 2008). A-B-Holotype of Blickotherium blicki, lower jaw
in occlusal (A) and right lateral (B) views; C-D-Holotype of Aybelodon hondurensis, lower jaw in ventral and lateral views (C) and
right m3 in occlusal view (D) (modified from Frick, 1933; figs. 4-5). One scale bar for A-C, separate scale bar for D.
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Notiomastodon

Fig. 7 Restoration of heads of Cuvieronius and Notiomastodon, by Pedro Toledo. Note the differences in the overall shape of the

skulls and the tusks.

range of variation in molar morphology for C. hyodon that
encompasses the type specimen of C. tropicus.

This suggests that only one polymorphic species of
Cuvieronius is present from the southern USA through
South America (Lucas, 2008b). Recent action by the ICZN
(Opinion 2279) has also stabilized the genus name by es-
tablishing a diagnostic neotype (from Tarija, Bolivia) for
the type species, C. hyodon (Lucas, 2009b) (Fig. 8).

3.3 Notiomastodon

Cabrera (1929) named Notiomastodon ornatus for a
tusk and “associated” mandible (Fig. 9) from the Upper
Pleistocene at Playa del Barco on the Argentine Atlantic
coast. He distinguished the genus from the other Argentine
gomphothere fossils he assigned to Stegomastodon by the
presence of an enamel band on the juvenile tusks of No-
tiomastodon. Osborn (1936) regarded Notiomastodon as a
distinct genus, but Hoffstetter (1950, 1952) and Simpson
and Paula Couto (1957) doubted the distinction Cabrera
made between Notiomastodon and Argentine “Stegomas-

todon”. Decades later, Madden (1980) first suggested that
all of the Argentine gomphotheres described by Cabrera
should be assigned to Notiomastodon.

Later rejection of assigning any South American gom-
phothere to Stegomastodon has led to recent wide use of
Notiomastodon as a valid genus (Ferretti, 2008; Lucas and
Alvarado, 2010; Lucas et al., 2011a; Mothé et al., 2012a).
Notiomastodon is characterized by its relatively short and
tall (elephantoid) skull, lack of lower tusks, straight to
slightly curved tusks that lack enamel bands in the adult
and, in some specimens, relatively complex molar crowns
(Figs. 7,9).

Haplomastodon has been a particularly problematic
name for South American gomphothere taxonomy. Hoff-
stetter (1952) named Haplomastodon as a subgenus of
Stegomastodon, but it was soon raised to separate generic
status by Simpson and Paula Couto (1957). Indeed, Simp-
son and Paula Couto's (1957) monographic study estab-
lished Haplomastodon as one of the best known South
American gomphotheres. The genus was then widely rec-
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Fig. 8 Neotype skull and lower jaw of Cuvieronius hyodon, from Tarija, Bolivia. A-Right lateral view of skull and lower jaw; B-
Occlusal view of lower jaw; C-Occipital view of skull and lower jaw; D-Dorsal view of skull; E-Ventral view of skull. For scale,
maximum length of skull (including tusks) = 210 cm (modified from Boule and Thevenin, 1920; pls. 1-3).
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Fig.9 Selected specimens of Notiomastodon from Argentina. A-D-Syntypes of N. ornatus, subadult lower jaw in occlusal and lateral
views (A-B) and “associated”” upper tusk in lateral and superior views (C-D); The tusk is the lectotype of N. ornatus (Simpson and
Paula Couto, 1957). Note the enamel band on the tusk. E-Characteristic left m3 with relatively complex crown structure; F-Skull with
tusks, occiput and braincase partly restored, on display at the Museo de la Plata; A-E are in the collection of the Museo Argentino de
Ciencias Naturales and are catalogued as MACN 2157 (A-D) and 5213 (E); A-D are from Playa del Barco, whereas E is from the Rio
Parana; both localities are Late Pleistocene; F is in the collection of the Museo de la Plata catalogued as MLP 8-1; for scale, total length
of the left tusk is 150 cm.The specimen is from the Upper Pleistocene of Arecifes, Argentina.
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ognized across Brazil and Argentina. However, Alberdi
and Prado (1995) challenged the idea that Haplomastodon
is a distinct genus, instead arguing that it is a synonym of
Stegomastodon. This synonymy has been accepted in the
sense that Haplomastodon is now seen as a synonym of
Notiomastodon, which also includes all South American
specimens Alberdi/Prado assigned to Stegomastodon (see
Mothé et al., 2012a for the most detailed discussion of this
taxonomy).

Also note, that the type species of Haplomastodon,
Masthodon chimborazi Proano, 1922, is a nomen dubium
(diagnostic portions of its holotype were long ago de-
stroyed in a fire) (Lucas, 2008b). The species Haplomas-
todon waringi, regarded by many (erroneously) as the type

species of the genus, is based on an undiagnostic holotype,
S0 it, too, is a nomen dubium (Lucas, 2008b). Attempts to
designate diagnostic neotypes for these species (Ficarelli
et al., 1993, 1995; Lucas, 2009a) have recently been re-
jected by the ICZN (Opinion 2308), so Haplomastodon
is technically a nomen dubium. This problematic name is
thus best abandoned in favor of Notiomastodon.

3.4 Amahuacatherium

Amahuacatherium is based on two dentary fragments
with incomplete left m2 and complete m3s (Fig. 10B) found
along a river bank in eastern Peru (Romero-Pittman, 1996).
More of the fossil (the lower jaw, some postcrania, etc.) was
originally discovered, but these remains were destroyed by

Fig. 10 Holotype m3 of Amahuacatherium peruvium (B) compared to two very similar m3's of Notiomastodon from Argentina (A, C).

A is in the collection of the Museo de la Plata catalogued as MLP 68-X-6-9 and has no precise locality data other than Pleistocene,
Argentina; B is after Campbell et al. (2000); C is also in the Museo de la Plata collection and is catalogued as MLP 8-407 and is from
the Pleistocene at Mercedes in Buenos Aires Province. The teeth are shown to the same scale, though A and C have crown lengths of

220 mm, whereas B has a crown length of 187 mm.
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a flood while the fossil was being collected (Campbell et al.,
2000). Frailey et al. (1996, p. 295) first published the fos-
sil, stating that it came from the upper Miocene (Huayque-
rian LMA) Solim&es Formation. It is distinguished by its
relatively complex molar crowns, which have accessory
conules, and by its thick and medially inflated horizontal
ramus of the dentary. Romero-Pittman (1996) named the
taxon Amahuacatherium peruvium without providing an
explicit diagnosis, but she did claim that the extra cusps in
the lingual valleys of the molars are distinctive.

Since its redescription by Campbell ez al. (2000), there
has been disagreement over the morphology of the fossil
(tusks/no tusks, shape/depth of mandibular horizontal ra-
mus, whether m3 is within the range of variation of “Hap-
lomastodon” or not) and its geological age (Late Miocene
or younger) (Alberdi et al., 2002, 2004; Gutiérrez et al.,
2005; Prado et al., 2005; Woodburne et al., 2006; Ferretti,
2008; Lucas and Alvarado, 2010; Woodburne, 2010). My
conclusion is that molar metrics and morphology of the
holotype of Amahuacatherium (e.g., Fig. 10) are well with-
in the range of other specimens assigned to “Stegomasto-
don” (=Notiomastodon) by Alberdi et al. (2004), that there
is no compelling evidence for the presence of tusks in the
mandible of Amahuacatherium and that the supposed di-
agnostic features of the mandible are questionable. I thus
agree with Alberdi ef al. (2002, 2004) and Ferretti (2008)
that morphology does not distinguish Amahuacatheriuum
from Notiomastodon (=Haplomastodon, = “Stegomasto-
don”). As Shoshani and Tassy (2005, p. 7) well observed,
“Amahuacatherium and Haplomastodon [here Notiomas-
todon] are undistinguishable on morphological grounds.”

There is a Late Miocene (~ 8—9 Ma) pulse of mammal
immigration between North and South America, when two
sloths migrated from south to north and a large procyo-
nid migrated from north to south (e.g., Lucas and Alva-
rado, 1994; Morgan, 2005), so Amahuacatherium could
conceivably be part of this event. However, the Miocene
age of Amahuacatherium is poorly supported and rejected
here, as discussed below.

4 Age relationships

Records of gomphothere proboscidean fossils from
Central and South America have diverse and often impre-
cise age constraints. In North America, the temporal ranges
of Gomphotherium and Cuvieronius are well established
by a combination of biostratigraphy, magnetostratigraphy
and radioisotopic dating (Bell et al., 2004; Tedford et al.,
2004; Lucas, 2008b; Lucas and Morgan, 2008) (Fig. 11).

Lucas and Alvarado (2010) provided a detailed review of
the Central American record of proboscideans and estab-
lished the temporal ranges of Gomphotherium and Cuvi-
eronius (Fig. 11).

The South American record of gomphothere fossils ex-
tends from Venezuela to Chile (Fig. 4), and most occur-
rences are of Late Pleistocene (Lujanian) age. However,
some records are evidently older, Bonaerian or Ensan-
adan. In Argentina, there is a gomphothere record (based
on postcrania) of Marplatan age, ~ 2.5 Ma (Lopez et al.,
2001; Reguero et al., 2007). This is the oldest, well-dated
record of a South American gomphothere.

The Amahuacatherium type is from the Ipururo Forma-
tion below what has been termed the Ucayali unconform-
ity, estimated to be no younger than ~ 9 Ma (Campbell e?
al., 2000, 2001, 2006, 2009, 2010). At a locality ~ 250 km
from the Amahuacatherium site, the Ucayali unconformity
is ~ 4 m below an ash bed with an Ar/Ar date of ~ 9 Ma
(Campbell et al., 2001).

Campbell ef al. (2001) argue that this unconformity is
pervasive throughout lowland Amazonia and is ~ 9 to 15
Ma throughout its extent. However, the presence of a re-
gional unconformity in the Amazon basin of ~ 9—15 Ma is
not accepted by other workers and can be rejected based on
both lithostratigraphic and biostratigraphic data. Instead of
a single, pervasive Miocene unconformity, Latrubesse et
al. (2007, 2010) well represent diverse work (also see es-
pecially Simpson and Paula Couto, 1981) that identifies a
complex set of terraces, channel fills and reworked deposits
above a compound unconformity that ranges in age from
Miocene to Pleistocene, separating the Solimdes/Ipururo
Formation from overlying deposits of the Madre de Dios
Formation and correlative units. Indeed, the Solimdes For-
mation in Brazil, the same lithosome as the Ipururo For-
mation in Peru, has a mammal fauna of Huayquerian age,
which is an age of ~ 6—9 Ma (Flynn and Swisher, 1995;
Woodburne et al., 2006) (Fig. 11). Furthermore, the 9 Ma
ash bed is in the Madre de Dios Formation, stratigraphical-
ly “above” basal gravels that contain mammals that have
long been assigned a Pleistocene age (e.g., Simpson and
Paula Couto, 1981). This induced Campbell et al. (2000,
2009) to disavow a Pleistocene age for at least some of
these mammals, including those reported by Simpson and
Paula Couto (1981) and Latrubesse and Rancay (1998),
among others.

I prefer to use biostratigraphy to assign an age to the fos-
sil mammals found in the Solimdes/Ipururo and overlying
Madre de Dios Formations and not simply project an Ar/Ar
age of 9 Ma from a single outcrop through such a complex
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showing temporal distribution of selected events relevant to the evolution and palacobiogeography of South American gomphotheres.

lithosome. Amahuacatherium is morphologically indistin-
guishable from Pleistocene Notiomastodon. It and other
Pleistocene taxa from the Madre de Dios Formation (and
this includes the peccaries recently claimed to be Miocene
by Frailey and Campbell, 2012; these are morphologically
the same as Pleistocene taxa: e.g., Simpson and Paula Cou-
to, 1981) are much younger than the Huayquerian mam-
mals of the underlying Solimdes/Ipururo Formation.

The only other dataset from the Amahuacatherium site
used to argue for a Miocene age is the magnetostratigra-
phy published by Campbell et al. (2010). However, these
magnetostratigraphic data (Fig. 12) and their interpretation

and correlation by Campbell ez al. (2010) are questionable:

1) Above their magnetic site 25 there is no convincing
evidence of reversed polarity. Sites 45—46 are one ques-
tionable site and one reliably reversed site; site 41 shows
no data to support reversed polarity; and site 37 is one
questionable site. Therefore, the section above meter 23 is
more reliably interpreted as being entirely of normal po-
larity (note also how many sites are normal in this strati-
graphic interval).

2) A case can be made for reversed polarity in the in-
terval of magnetic sites 18—24, though the data are very
much of mixed polarity and not a very strong indicator.
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about the 20 m level is abandoned, then the entire section is normal down to the 3 m level and this could all be correlated to Brunhes.

3) The case for reversed polarity intervals indicated be-
low the level of site 17 is also very weak. No reversed
polarity in this interval is supported by more than one site,
and most of the sites are normal. The strongest case for
reversed polarity is around the Ucayali unconformity.

4) The entire stratigraphic section is only 65 meters
thick, yet by the correlation advocated by Campbell et

al. (2010) it is a complete record of Chrons 4Ar through
Chron 2An, about 6 million years (Fig. 12). Given that the
section is of fluvial origin, 6 million years = 65 meters of
fluvial sediment implies many hiatuses in the section or
an abnormally low rate of sedimentation. Also, a major
unconformity (Ucayali unconformity) is inferred near the
base of the section, so some of the magnetic polarity his-
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tory may be missing at this hiatus.

My conclusion is that this section is almost totally of
normal polarity (Fig. 12). This further undermines cor-
relating it to Chrons 4Ar through 2An, as that interval
consists of 17 reversed and normal polarity intervals, far
more than are reliably present. Given that a Pleistocene
gomphothere (“Amahuacatherium’) is present near the
base of the section, a more supportable correlation is to the
younger part of Chron 1 (Fig. 12). The correlation shown
in Figure 12 accepts a reversed interval for sites 18—24,
but this is weakly supported. If that reversal is rejected,
then the section is of normal polarity down to the level of
site 3 and should correlate almost entirely to Brunhes.

An important point is that the magnetostratigraphy by
itself does not independently correlate the section. This
correlation relies on a datum, which for Campbell et al.
is their projection of the 9 Ma radioisotopic age into the
section. However, the mammal fossil at the section does
not, by itself, indicate a Miocene age. If considered Pleis-
tocene (see above), this fossil mandates a much different
correlation of the magnetostratigraphy than that advocated
by Campbell et al. (2010). Thus, based on the reanalysis
presented here, the magnetostratigraphy of the Amahua-
catherium site does not demonstrate a Miocene age.

5 Phylogenetic relationships

All workers agree that the South American gompho-
theres were ultimately descended from North American
gomphotheres. This has never been questioned, and the
phylogenetic problems regarding the South American

Gomphotherium  Rhynchotherium

Cuvieronius

gomphotheres have long centered on the putative presence
of Stegomastodon in South America, which requires two
separate evolutionary lineages—one that produced Cu-
vieronius, the other Stegomastodon—to have immigrated
to South America (e.g., Savage, 1955; Prado and Alberdi,
2008). Rejection of the presence of Stegomastodon in South
America considerably simplifies the phylogenetic issues.

5.1 Ancestry of Cuvieronius and Notiomastodon

Various workers have argued for a close relationship
of Cuvieronius and Rhynchotherium—both share a highly
derived upper tusk morphology in which enamel bands are
spiraled around the tusk’s long axis (Fig. 13). Derivation
of Rhynchotherium from North American Gomphotherium
is also widely accepted. Thus, an evolutionary lineage in
North America of three, temporally-overlapping gompho-
there genera can be well supported by morphological, geo-
graphic and stratigraphic data: advanced Gomphotherium
gave rise to Rhynchotherium during the Late Hemphillian,
and Rhynchotherium gave rise to Cuvieronius by the end
of the Blancan (e.g., Webb, 1992; Lambert and Shoshani,
1998; Lucas and Morgan, 2008) (Fig. 11).

Eliminating Amahuacatherium as an invalid taxon
based on a specimen of Notiomastodon, and rejecting the
presence of Stegomastodon in South America, indicate
that only one evolutionary lineage of gomphotheres, that
of Cuvieronius, immigrated in South America (Fig. 11).
Derivation of Notiomastodon from Cuvieronius requires
the evolution of a tall, elephantoid skull from the low skull
of Cuvieronius, the modification of the tusks from enamel
spiral to straight/slightly curved and lacking an enamel

P

Notiomastodon

loss of enamel bands
on adult tusks, more complex
molar crowns

no lower tusks,
symphysis not downturned

upper tusks with
spiral enamel bands,
symphysis shortened

Fig. 13 Phylogenetic hypothesis of the relationships of the Neotropical gomphotheres (modified from Lucas and Morgan, 2008).
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band in the adult and some development of more complex
molar crowns. What has long confused the issue is that
very similar features evolved in North American Stego-
mastodon, probably from a Gomphotherium ancestry. This
evolutionary convergence between Notiomastodon and
Stegomastodon has been denied by those who regard the
two taxa as one and the same. But, convergence is never
perfect, and there are ample morphological features that
distinguish Stegomastodon from Notiomastodon; they
are not the same taxon (Lucas et al., 2011a; Mothé et al.,
2012a). Thus, like Mothé et al. (2012a), I advocate deriva-
tion of Notiomastodon from Cuvieronius.

5.2 Sinomastodon

Tobien et al. (1986) coined the name Sinomastodon
for Mastodon intermedius (Teilhard and Trassaert, 1937),
from the Late Miocene (Baodean, which is ~ Turolian) of
the Yushe Basin in Shanxi Province, the People's Repub-
lic of China. Known from dental and mandibular material,
the genus is distinguished primarily by its lack of lower
tusks, short and spout-like mandibular symphysis and
four-lophed m3. The latest taxonomic review of the ge-
nus recognizes three species from the Plio—Pleistocene of
China (Chen, 1999).

Tobien et al. (1986) suggested a close relationship
between Sinomastodon and the New World gompho-
theres they included in the “Notiomastodontinae”, namely
Cuvieronius, Haplomastodon, Notiomastodon and Stego-
mastodon. More precisely, they suggested derivation of
Sinomastodon from their Notiomastodontinae and thus an
immigration from North America to Asia. Cladistic anal-
ysis by Tassy (1996) and Prado and Alberdi (2008) sup-
ported this idea.

Thus, Prado and Alberdi (2008; also see Alberdi ef al.,
2007) united Sinomastodon with a clade Cuvieronius +
“Stegomastodon” (Notiomastodon as used here) based on
two character states—lower tusk absent and short, spout-
like mandibular symphysis. Two character states unite the
Cuvieronius + “Stegomastodon” clade in their analysis—
P2—4/p2—4 absent and M3 with five lophs. Nevertheless,
this analysis ignores the very different molar structure of
Sinomastodon, which is much more derived than that of
the South American gomphotheres (Fig. 14). The spout-
like symphysis is also highly variable among South Amer-
ican gomphotheres (cf., Boule and Thevenin, 1920) and
has evolved independently in mammoths, so it may not be
a reliable character. Furthermore, the short mandible/short
symphysis is 100% correlated with a lack of lower tusks,
so these are redundant characters (Cozzuol et al., 2012).

Cozzuol et al. (2012) reevaluated the cladistic analysis
of Prado and Alberdi (2008) by different scoring of some
of their characters. The new analysis recovered a polytomy
of Gnathobeledon, Sinomastodon, Eubelodon, Rhynchoth-
erium and the clade Cuvieronius + “Stegomastodon”. They
concluded that “Sinomastodon is not supported as a sister
group of the South American gomphotheres, and the bio-
geographic derivations presented in Alberdi et al. (2007)
[vicariance of a common ancestor of Asian Sinomastodon
and New World Cuvieronius + “Stegomastodon”] are in-
validated” (Cozzuol et al., 2012, p. 40).

Chen (1999) also questioned a close relationship be-
tween Sinomastodon and any New World gomphothere for
three reasons: (1) no fossils of Sinomastodon have been
found in the supposed transitional region, between east-
ern China and western North America; (2) the molars of
Sinomastodon have a much simpler structure than in the
notiomastodontines; and (3) Sinomastodon is both older
than and temporally overlaps the notiomastodontines. It
strikes me that the criticisms of Chen (1999) and Cozzuol
et al. (2012) are compelling. Particularly significant is the
different molar structure of Sinomastodon, and it seems
highly likely the similarities in jaw structure are conver-
gent, based on independent loss of the lower tusks. A close
relationship between Sinomastodon and the South Ameri-
can gomphotheres thus can be rejected.

5.3 Amahuacatherium

Mothé et al. (2012b) have presented the most recent
phylogenetic analysis of the South American gomphoth-
eres. In their analysis, they regard Amahuacatherium as
a valid taxon of Miocene age. They present three phylo-
genetic hypotheses of the possible relationships of Cuvi-
eronius, Notiomastodon (=Haplomastodon) and Amah-
uacatherium. All three hypotheses imply the presence of
an ancestor of Notiomastodon and/or Cuvieronius that
predates Amahuacatherium, which would be a common
ancestor older than 9 Ma. No such ancestor is known, and
Cuvieronius has a fossil record no older than Late Blancan
~ 3 Ma. Thus, accepting Amahuacatherium as valid and
Miocene and incorporating it into phylogenetic hypotheses
requires positing hypothetical ancestors and ghost lineages
that are very long and for which two centuries of collecting
have produced no evidence. This further weakens the case
for a Miocene gomphothere in South America.

6 Conclusions

The above review supports the following conclusions:
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Fig. 14 Holotype and referred specimen of Sinomastodon intermedius from the Miocene of the Yushe Basin, Shanxi Province, the
People’s Republic of China (from Teilhard and Traessart, 1937). A-B-Holotype lower jaw in occlusal (A) and oblique lateral (B)
views; C-Occlusal view of referred left m3. For scale, the left m3 in A-B is ~ 182 mm long, whereas the m3 in C is ~ 190 mm long.

1) There are only two genera of South American gom-
photheres: Cuvieronius and Notiomastodon (=Haplomas-
todon). Stegomastodon is a strictly North American genus.
Amahuacatherium is invalid, being based on a specimen
of Notiomastodon.

2) The oldest, well-dated South American gomphothere
is ~ 2.5 Ma from Argentina. A Miocene (older than 9 Ma)
age of the Amahuacatherium type material is refuted by
mammalian biostratigraphy and a reanalysis of relevant
magnetostratigraphy.

3) The North American evolutionary lineage Gompho-

therium gave rise to Rhynchotherium during the Hem-
phillian, and Rhynchotherium gave rise to Cuvieronius by
Blancan time. Cuvieronius gave rise to Notiomastodon in
South America.

Thus, the biogeographic and evolutionary history of
South American gomphotheres is best explained as be-
ginning with a single immigration of Cuvieronius from
Central America to South America just after the closure of
the Panamanian isthmus, about 2.5—3.0 Ma. Cuvieronius
gave rise to Notiomastodon in South America during the
Pleistocene, so the single immigration of gomphotheres
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into South America was followed by a modest evolution-
ary diversification.
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