Chapter 3
The GABI in Southern South America

Abstract The Great American Biotic Interchange (GABI) between North and
South America is one of the most important events in the history of land mam-
mals. The interchange occurred in several phases during more than nine million
years. We here analyze the chronology and dynamics of the GABI, the evolution
of some South American mammalian groups through time, and the Quaternary
mammalian extinctions. As the GABI was a complex process, we divide it into
ProtoGABI and GABI 1 to 4. In our concept, the extinction of the megafauna by
the gatherer/hunters that entered South American during the latest Pleistocene is
a part of the GABI. The putative scarce frequency of extinct mammals in archeo-
logical sites is discussed. The evolutive relevance of the GABI is reflected in that
half of the species living in South America had a North American ancestry. A final
process, not included in the GABI, is the remarkable alteration of ecosystems by
modern man. Presently, the composition and distribution of almost all autochtho-
nous land mammal faunas are changing dramatically. Moreover, frequently they
are replaced with domesticated and/or wild exotic species.

Keywords Chronology + Mammal < Panama Isthmus + Endemic + Immigrant -
Biogeography * Macroevolution *+ Neogene * Quaternary

3.1 Short History of the Interchange and the Great
American Biotic Interchange (GABI) Concept

The first authors to acknowledge the interchange of land vertebrates between the
Americas and the resulting “mixed faunas” were Wallace (1876), Von Ihering
(1900), and Ameghino (1907). Ameghino suggested that mammals originated in
Patagonia and later dispersed to the rest of the planet. Later Matthew (1915), Scott
(1937), and Simpson (1950) discussed the ideas of Ameghino from the “New York
School of Zoogeography” point of view. They postulated that South America was
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originally devoid of mammals and was populated from North America, followed
by in situ differentiation that was facilitated by its isolation during the “tertiary”
(Morrone 2011).

Patterson and Pascual (1972) carried out a deep analysis of the South American
fossil mammalian faunas throughout the Cenozoic. These authors suggested that
competition and extinction occurred during the interchange. Pascual and Fidalgo
(1972) and Webb (1976), among others, proposed a similar scenario. Since this
suggestion, there was considerable debate as to whether placental carnivores arriv-
ing from North America actually caused the extinction of South American marsu-
pial carnivores by competitive displacement (see Prevosti et al. 2013).

The expression “Great American Biotic Interchange” (GABI) or “Gran
Intercambio Bidético Americano” (GIBA) was proposed by Webb (1985a). The
denomination referred to a biogeographic process that lasted a relatively short
time. Actually, Webb (1985b) suggested that during the “Uquian” (presently
Marplatan), 8 mammal families of Holarctic origin suddenly appeared in South
American. This was demonstrated incorrect by Tonni et al. (1992) and Cione and
Tonni (1995). Moreover, Woodburne (2010) restricts the GABI almost exclusively
to the Pleistocene interchange (after 2.8 Ma) as a consequence of the establish-
ment of a permanent dry land conexion between South and Central America.

During the 1980 decade, intense paleontological study helped to clarify the
evolution and integration of the mammalian communities in South America (see
Simpson 1980; Reig 1981; Hoffstetter 1981; Marshall et al. 1979, 1982, 1983;
Webb and Marshall 1982; Webb 1985a, b).

More recently, many articles appeared reviewing different aspects and actors of
the GABI: Tonni et al. (1992) and Cione and Tonni (1995) reviewed the strati-
graphic ordering of the North American taxa in South America and proposed that
the interchange was episodic and not concentrated in the “Uquian” (presently
the Marplatan); Cody et al. (2010) reviewed the plant migration and the histori-
cal assembly of tropical biomes; Woodburne et al. (2006) introduced the con-
cept of holding pen; Woodburne (2010) proposed a division of the whole GABI
into 4 episodes, linked with climate and landscape changes, that he named GABI
1 to 4; Wilson et al. (2014) investigated how the GABI shaped the distribu-
tion of arid-adapted species trough the historical biogeography of the bee genus
Diadasia; Pinto-Sancheza et al. (2012) and Castroviejo-Fisher et al. (2013) dis-
cussed the GABI in frogs; Morales-Castilla et al. (2012) focused their study on
how the GABI affected the current geographic body size patterns of mammals
in the Americas; Patterson and Costa (2012) edited a large volume on the history
and geography of recent Neotropical mammals where many authors contributed
from their respective fields of expertise; Ornelas et al. (2013) identified vicari-
ance scenarios, reconstructed ancestral biogeographical areas, and investigated
the role of geological events in generating genetic divergence through vicariance
events in hummingbirds of Mesoamerica; Prevosti et al. (2013) discussed the inci-
dence of North American placental carnivores on the extinction of local marsupial
carnivores.
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3.2 The GABI Chronology and Dynamics

3.2.1 First Record of Taxa of North American Origin
in Southern South America Gives the General
Pattern but does not Explain the Details

South America was an island continent during most of the Cenozoic (Pascual
et al. 1965). During this time of isolation, rodents and primates arrived by raft-
ing from Africa. The Panama Isthmus area appears to have been permanent dry
land since ca. 2.8 Ma (Bartoli et al. 2005; see Leigh et al. 2014). However, the
GABI (Fig. 3.1) was a biogeographic phenomenon that began several million
years before the Pleistocene, during the Late Miocene and Pliocene, when rela-
tively sparse faunal interchanges took place. The Miocene precursors were named
“New Island Hoppers” (Simpson 1950) or “Heralds” (Webb 1985a). Presently, we
know that before the final establishment of the Panama Isthmus, at least eight gen-
era of four North American families appeared for the first time in southern South
America. These interchanges are called here the ProtoGABI meaning that corre-
sponds to the first stage of the GABL

The GABI has been studied before and better in the southern part of South
America. Certainly, the best representation of the continental Late Cenozoic is
the sedimentary rocks that crop out in the Pampean region and neighboring areas
(Cione and Tonni 1995, 1996; Cione et al. 2007). These beds are fossiliferous and
frequently show several local biozones stacked in one single stratigraphic section
(e.g., sedimentary rocks cropping out in the marine cliffs between Punta Mogotes,
near the city of Mar del Plata, and Miramar, Buenos Aires Province; Cione and
Tonni 1995). In many of these profiles, there are magnetostratigraphic analyses
and many beds were radiometrically dated (see above). Although dispersal pattern
is represented today by the biostratigraphic pattern of southern South America,
new findings in other parts of South America would give relevant information in
the future.

The first mammals of Holarctic origin in southern South America are the
Huayquerian (Late Miocene, ca. 7 Ma) procyonids of the endemic genera
Cyonasua and Chapalmalania (Prevosti and Soibelzon 2012; Prevosti et al. 2013).
However, the occurrence of an endemic genus suggests that the migration was
previous to the age of the record. Moreover, four taxa of North American origin
were reported from the Amazon Basin from beds putatively older than those of
the Miocene of Argentina (proboscideans, tapirids, peccaries, and dromomery-
cins; Prothero et al. 2014). The presence of an indeterminate mustelid in the
Huayquerian (see Verzi and Montalvo 2008) was refuted by Prevosti and Pardinas
(2009). The next immigrants are endemic genera of sigmodontine rodents and
the procyonid genus Parahyaenodon present in Montehermosan beds (lat-
est Miocene—Early Pliocene; Pardifias and Tonni 1998; Forasiepi et al. 2007). In
Chapadmalalan rocks, south of the city of Mar del Plata (Buenos Aires Province),
a North American genus, the peccary Platygonus (Tayassuidae), appears for the
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Fig. 3.1 Artistic representation of the GABI (watercolor by Mariana Soibelzon taken from
Soibelzon et al. 2013)
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first time (Prevosti et al. 2006; Gasparini 2013). Platygonus is known from Early—
Late Hemphillian faunas in North America at about 7 Ma (Woodburne 2010).
The record of a mustelid in the Chapadmalalan (see Webb 1985a) was considered
unsupported by Cione and Tonni (1995).

The first camelids in South America (represented by the endemic genus Lama)
are recorded in the Barrancalobian substage (Early Marplatan, Late Pliocene)
(Cione et al. 2007). The appearance of this savanna-adapted genus occurs within
the early development of prominent Northern Hemisphere glaciation (Woodburne
2010). A larger number of taxa of North American origin are found in the
Vorohuean: canids Caninae, mustelids Mustelinae, and equids (Equidae) (Cione
and Tonni 1995). From that time onwards, the rate of new records of immigrant
taxa increased.

Woodburne (2010) divided the mainstream of interchange into four units
(GABI 1 to 4). The base of the Barrancalobian is younger than 3.3 Ma according
to radiometric dating of “escorias” near the top of Chapadmalalan beds (Vizcaino
et al. 2004). The relatively large occurrence of mammals of North American origin
in the Vorohuean (Middle Marplatan) represents the beginning of the GABI 1 at
2.8-2.6 Ma and putatively the evidence of dry land in the Panama Isthmus (Bartoli
et al. 2005). Certainly, the final closure of the isthmus is the main cause for the
dispersal, but climate change was also a key factor without which such a strong
interchange would not have taken place (Woodburne 2010). A possible gompho-
theriid vertebra was found in Sanandresian beds in northwestern Argentina (Lopez
et al. 2001).

Another strong dispersal pulse from the North American continent occurred
during the next younger age, the Ensenadan (Early to Middle Pleistocene).
Woodburne (2010) called it GABI 2. The carnivore guild peaked in diversity,
when Ursidae, Felidae, Mephitidae, Lutrinae (Mustelidae), and large canids were
firstly recorded in southern South America, as well as the tayassuid Catagonus, the
camelid Hemiauchenia, the cervids Epiuryceros and Antifer, the tapir Tapirus, and
the gomphotheriid “Stegomastodon” (Tonni et al. 1992; Cione and Tonni 2005;
Soibelzon et al. 2005; Cione et al. 2007; Prevosti and Soibelzon 2012; Gasparini
2013). The occurrence of Stegomastodon in South America was questioned by
Mothé et al. (2011, 2012). These authors suggested that the two species previously
referred to Stegomastodon should be assigned to the endemic South American
genus Notiomastodon. However, we believe that more studies had to be done for
sustaining this taxonomic decision.

The GABI 3 is represented in Bonaerian beds (Middle Pleistocene) by new
taxa such as the felid Hepailurus, the cervid Paraceros, and the tayassuid Tayassu
(Cione and Tonni 2005; Prevosti 2006; Cione et al. 2007; Gasparini 2013).

The GABI 4 transpired during the Lujanian and Platan, although it is actually
in progress today. Many new mammals dispersed to southern South America as
evidenced by the glyptodontid Glyptotherium, the procyonid Nasua, the mustelid
Lontra, the canid Canis, the felid Leopardus (Oncifelis), the leporid Sylvilagus, the
equiid Equus, and the hominid Homo sapiens (Tonni et al. 1985; Cione and Tonni
2005; Prevosti 2006; Carlini et al. 2008).
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As mentioned above, the establishment of dry land joining Central and South
America is not the only cause of the dispersal. Many estenoic taxa such as tapirs
and camelids passed the isthmus, but some eurioic taxa such as bovids and ursin
bears did not. The dispersal of tapirs and camelids could be related with climatic
modifications, vegetation, and topography. However, the absence of bovids and
ursin bears in South American is not clearly explained. Woodburne (2010) noted
that most newcomers to North American were xenarthrans and only a few taxa
of endemic ungulates, marsupials, platyrrhine monkeys, and caviomorph rodents
crossed the isthmus in a northward direction. Yet, this is not unexpected taking
into account that the mammal South American fauna was mostly composed of
xenarthrans before the extinction of the megafauna (about 160 genera with 400
species; see Carlini and Zurita 2010).

A remarkable fact is the dispersal of mammals of South American ancestry
that occur first in North America than in South America. For example, the extinct
hydrochoerid Neochoerus is recorded in beds dated about 3.1-3.9 Ma (Pliocene)
in Guanajato, Mexico (Woodburne 2010), while is only known in Ensenadan
(Early Pleistocene) beds in the Pampean area. However, it is not excluded that it
could have been also in other areas in South America out of the Pampean area.

As we explained above, most of the knowledge about the continental Late
Cenozoic mammals in South America comes from the Pampean area and nearby
areas of Argentina and Uruguay. There are mammal-bearing Late Miocene
(Huayquerian) beds in Venezuela and Brazil and Chapadmalalan and Ensenadan
beds in Bolivia (Fig. 3.2), but mammal remains are poorly represented in compari-
son with those of the Pampean area. The dearth of fertile localities in other region
causes that the GABI 1 to 3 record has been almost exclusively studied in Argentina.
On the contrary, GABI 4 is widely represented by fossil occurrences in many coun-
tries where Lujanian (Late Pleistocene—Early Holocene) beds are widespread.

The genus Equus is considered to be part of the GABI 4. However, the spe-
cies Equus insulatus is reported from putative beds of Ensenadan Age of Bolivia
(MacFadden 2013). This is the sole location in South America where Equus
appears to occur in the GABI 2. No Equus remain was found in the well-known
and widely distributed Ensenadan beds of the Pampean area.

Both the Proto GABI and GABI 1 to 4 pattern of first appearances are clearly
episodic. The first North American carnivores in South America could be compat-
ible with the dynamic tectonic activity that affected the region from at least 9 Ma
(Woodburne 2010) or with the important sea level fall near the Serravallian and
Tortonian boundary (Zachos et al. 2001). The first appearance of peccaries and
camelids during the Chapadmalalan and Barrancalobian could have been occa-
sioned by the sea level drop of the Northern Hemisphere glaciation, which began
at about 3.6 Ma, but exhibited its first glacial event at about 3.3 Ma (Mudelsee and
Raymo 2005; Woodburne 2010).

Climate should have had an important role in the dispersal. However, differ-
ent climates would be relevant form displacement of different taxa. When climate
was warmer and more humid and forest areas were developed, there were ade-
quate conditions for the dispersal of some mammals such as hydrochoerid rodents.
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Fig. 3.2 Continental outcrops of putative Ensenadan and Lujanian in the Tarija valley (Bolivia)
(photo by Esteban Soibelzon)

Otherwise, when climate was colder and dryer, nominally savanna-adapted taxa
would have dispersed such as camelids and tayassuids.

Woodburne (2010) suggest that the first significant episode of faunal exchange
(GABI 1; 2.6-2.4 Ma) is concurrent with the initiation of major Northern
Hemisphere glaciation. Then, as well as earlier and later, most northward-moving
taxa were xenarthrans, with hydrochoerid and porcupine rodents being another
conspicuous contingent. Later, during GABI 2, more taxa dispersed southward
than the reverse, but up to about 1.8 Ma, the average count for either direction was
about equal (Woodburne 2010). The southward contingent tended to include taxa
of clear savanna-like ecologies. On the other hand, the northward dispersants typi-
cally included xenarthrans, porcupines, and, in GABI 3, opossums, taxa that exhib-
ited a wide range of ecological diversity. Remarkably, the last immigrants to South
American were diverse (Woodburne et al. 2006). The dispersal episodes might corre-
spond to glacial times with low sea level with expanded regions in the isthmian area.

During the last twentieth and twenty-first centuries, terrestrial and aquatic
environments changed radically because modern human activities occasioned
extinctions, pseudoextinctions, and alterations of distribution of many mammals.
Besides, many were subject to hunting pressure. These processes obscure the orig-
inal distributions and occasion that biogeographical patterns were difficult to study
sometimes.
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3.2.1.1 Biogeography and Immigration

The tropics of the Americas are well known for their remarkable biodiversity,
which is due to habitat heterogeneity and a complex geological history, both being
responsible for the patterns of geographical distribution of species and clades.
Forests are among the most common Neotropical biomes, particularly the Amazon
forest, but there are also extensive open biomes, e.g., the diagonal of South
America comprising the Pampa, Chaco, Cerrado, and Caatinga (Morrone 2014).

Since the first appearance, the majority of the North American immigrant
families are represented by endemic genera (e.g., Cyonasua, Chapadmalania,
Lama, Hippidion, etc.). These genera have to have differentiated in some place
that appears not to be southern South America. Buenos Aires Province coast is
more than 5000 km from the Panama Isthmus. The tropical area located near the
Amazon basin presently shows the largest species richness. This could the case
during the GABI as well.

3.2.2 Integration of South American Mammalian Faunas:
The Coexistence of Native and Immigrant Taxa

As we mentioned in the introduction, Patterson and Pascual (1972), Webb (1976),
and Pascual and Fidalgo (1972), among others, proposed a scenario of competi-
tion between the Holarctic immigrants and the native South American mammals
during the GABI, which in many cases latter to became extinct. After this pro-
posal, there was considerable debate especially as to whether placental carnivores
arriving from North America caused the extinction of South American marsupial
carnivores by competitive displacement (e.g., Simpson 1950, and subsequent
papers; Patterson and Pascual 1968, 1972; Werdelin 1987, 2009) or had not such
responsibility (e.g., Forasiepi et al. 2007; Prevosti et al. 2009, 2013; Soibelzon
2011). The fossil record indicates that Sparassodonta (marsupial carnivores) only
coexisted with procyonids, as they become extinct before the first record of can-
ids in the Marplatan Stage. Moreover, when procyonids appeared, sparassodonts
were already in severe decline (Marshall 1977; Forasiepi et al. 2007; Soibelzon
2011). On the other hand, most sparassodonts were hypercarnivores; therefore,
they occupied a different ecological niche from that filled by procyonids. So,
although the fossil record indicates that these taxa became extinct after a coexist-
ence with procyonids (during the Huayquerian, Late Miocene; see Forasiepi et al.
2007), they were larger than Cyonasua (Procyonidae) and presumably occupied a
different ecological niche. Noticeably, it was during this time span that Cyonasua
experienced its greatest diversity (seven species recorded, out of ten described;
Soibelzon 2011). During a relatively short time span (Middle to Late Pliocene),
large procyonids (body mass ~25 kg in contrast to the ~6—7 kg of Cyonasua)
belonging to the genus Chapalmalania Ameghino (closely related to Cyonasua;
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Kraglievich and Olazabal 1959) were recorded in South America, but they quickly
became extinct and their fossil record is unfortunately very poor. Noteworthy,
Chapalmalania extinction appears to have been approximately synchronous with
the last record of Sparassodonta (family Thylacosmilidae).

Therefore, large carnivores in South America were represented only by croco-
diles, large snakes (Madtsoiidae), and terror birds (Phorusrhacidae) during most
of the Late Cenozoic until the Early Pleistocene. After the Pliocene—Pleistocene
boundary (subsequent to the GABI), the top predator guild in the South America
Ensenadan ecosystems was composed of seven species: Theriodictis platensis,
Protocyon scagliarum, P. troglodytes, Canis (?) gezi (Canidae: Prevosti 2006), and
Smilodon populator, Panthera onca and Puma (Felidae: Soibelzon and Prevosti
2008), and Arctotherium angustidens (the largest and most powerful mammalian
predator of South American terrestrial ecosystems that ever existed; Soibelzon
et al. 2009; Soibelzon and Schubert 2011).

The Ensenadan ecosystems were characterized by the high frequency of her-
bivorous megamammals (e.g., Glyptodon munizi, Macraucheniopsis ensenadensis,
Megatherium gallardoi, and Panochthus intermedius, see Soibelzon et al. 2010).
This unique situation involved also autochthonous herbivores, whose tendency
to giantism reached its maximal expression at that time (see Alberdi and Prado
1993), and only one megacarnivoran: the giant short-faced bear A. angustidens.

The biological consequences and behavioural reactions that could have been
triggered by the introduction of a megacarnivoran such as the giant short-faced
bear among the endemic Pampean megafauna, not only as a recently arrived
predator but also as a powerful competitor for dens, were explored recently
(Soibelzon et al. 2009). Herbivores appear to adjust quickly their behaviour in
order to decrease predation risk after a recolonization of large carnivores in recent
ecosystems. Changes in behaviour of prey related with increasing predation risk
may cause, i.e., modifications in diet, temporal changes in feeding patterns, spa-
tial changes in habitat use, or changes in patch selection (Lima and Dill 1990).
Zurita et al. (2010) suggested that some glyptodonts developed a series of highly
modified “spine”-like osteoderms (located at the anterolateral region and over
the cephalic notch of the dorsal carapace) as a protection structures for the neck
and abdomen. These are the most vulnerable body regions of these large armored
animals, since they are not covered by the cephalic shield or carapace. The fos-
sil record shows that these structures were not present in glyptodonts before the
GABI, so Zurita el al. (2010) proposed that they could represent a reaction to the
arrival of Smilodon and Arctotherium, the largest and most powerful terrestrial car-
nivores that ever lived in the Cenozoic of South America.

Studying the past behaviour of xenarthrans, Vizcaino et al. (2001) suggested
that giant sloths have depended on burrows to escape predation but also that these
animals used burrows to avoid alternatively excessively cold or warm climatic
conditions to conserve energy and water, to breed, and even to survive during the
colder seasons due to the particular physiology of xenarthrans (see also McNab
1985, Vizcaino and Loughry 2008). It is noteworthy that until Ensenadan times,
there are scarce records of large burrows in the Pampean region although putative
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burrow excavators (see above) were present. Only small caves drilled by rodents
or small notoungulates were found (e.g., Chapadmalalan; Genise 1989). We sug-
gest that this behaviour would have been acquired or generalized after the arrival
of large carnivores. Therefore, the arrival of the large carnivores appears to have
affected the autochthonous megafauna not only by the addition of the top predator
node in the ecological net, but also as direct competitors for dens (Soibelzon et al.
2009).

The carnivore guild began to be relevant in ecosystems since the Ensenadan
Age when six families (Procyonidae, Ursidae, Canidae, Felidae, Mustelidae, and
Mephitidae) occurred in South America. During this time, the two most omnivore
carnivores (Ursidae and Procyonidae) changed their body size and diet in one case
(Ursidae) and were pushed to extinction on the other (the procyonid Cyonasua,
became extinct during the Ensenadan Age).

Soibelzon and Schubert (2011), Soibelzon (2011) suggested that the South
American carnivore guild diversification during the Pleistocene (from the few
precursory taxa that crossed the Panama Isthmus during the GABI) provoked the
Tremarctinae bears (genus Arctotherium) to adjust their size and modify their diet
in order to survive in the more competitive ecosystems of the Late Pleistocene.
The huge and mostly carnivorous A. angustidens become extinct during the
Middle Pleistocene (Soibelzon et al. 2005; Soibelzon and Schubert 2011) when
other species of Arctotherium began to be recorded. Remarkably, Figueirido and
Soibelzon (2010) proposed that these later species become more and more omni-
vore through time, with the youngest and smallest species (A. wingei) which has
been inferred to be mostly herbivorous.

Regarding the herbivores intraguild competition, Tonni et al. (1992) and
Cione and Tonni (1995) demonstrated that the arrival of Holarctic herbivore
mammals into the Pampean region was more gradual than previously envi-
sioned. Contrary to the opinion of Webb (1985a), Marshall et al. (1983), and sev-
eral other authors, eight Holarctic families do not occur for the first time in the
Marplatan Age. Actually, only four new families occur in the different levels of
the Marplatan: Camelidae, Canidae, Equidae, and Mustelidae. The occurrence
of Gomphotheriidae is not fully supported. The Holarctic families Tapiridae,
Cervidae, and Gomphotheriidae range certainly only from the Ensenadan Age.
The biomass and diversity of Holarctic immigrants were insignificant in the
Pampean region during Chapadmalalan and Marplatan times. In consequence,
the faunal turnover there observed would be due to other causes. The influ-
ence of northern herbivore mammals was surely much more important since the
Ensenadan and especially from the Lujanian times.

Finally, a remarkable event took place at the end of the Pleistocene and begin-
ning of the Holocene: the extinction of the megafauna, the last important step of
the GABI for us. After this demise, half of the mammal species of South America
was of Holarctic ancestry.
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3.2.2.1 The Last Mammalian Extinction in South America

The present South American biota is remarkable because its singularity and rich-
ness (Simpson 1980; see details in “Composition of the recent mammalian fauna
of South America”). However, even more striking is the fact that the largest diver-
sity of megamammals (animals weighing more than 1 ton) and large mammals
(more than 44 kg) in the world took place in this continent until their extinction
a few thousand years ago (Ameghino 1889; Pascual et al. 1965; Cione and Tonni
2005; Cione et al. 2003, 2009). All the megamammals and 80 % of the large mam-
mals became extinct. The last megamammal probably died about 8000 calibrated
years BP or even later (Politis and Gutiérrez 1998; Politis 2007; Soibelzon et al.
2012). Besides, it is presumed that most of the extant mammals were present in
the Early Holocene (the latest Lujanian according to the local chronology). Due to
these reasons, the mammal diversity was significatively higher at this moment than
during the Middle Holocene and the Recent (see Cione et al. 2009).

In the following chapter, the Broken Zig-Zag hypothesis (proposed by Cione
et al. 2003, 2009, in order to explain the last mammalian extinction in South
America) is summarized and some of its topics are discussed, such as: (1) the kind
of extinction, (2) the predominance of xenarthrans in the megafauna, and (3) the
scarce representation of the total diversity of the extinct megamammals and large
mammals in the archaeological sites. We consider that the extinction of the mega-
fauna is part of the GABI in South America. No doubt, humans participated in the
GABI

3.2.2.2 The Broken Zig-Zag: A Synthesis

Studies based on geochemical proxies in glacial ice cores from Greenland,
Antarctica, and South America show that temperatures strongly fluctuated during
at least the last 800,000 years (Liithi et al. 2008) and that the present interglacial
is not substantially different from the earlier ones (over 10 major events during
the Middle-Late Pleistocene; Fig. 3.3; McCulloch et al. 2000; Blunier and Brook
2001; Steig 2006). The periodic changes in Pleistocene climate provoked dramatic
modifications in the distribution and biomass of the biota in South America and
other continents. We use the expression “Zig-Zag” to stress the periodicity of these
biotic trends.

Cione et al. (2003) pointed that in modern South America, 18 % of the land is
characterized as open areas, whereas medium vegetated areas make up 15 % and
closed areas 67 % (based on maps of Cabrera and Willink 1980). In contrast, by
using the reconstruction of South America during the LGM (Clapperton 1993),
they calculated that open areas would have encompassed 31 % of the territory,
medium areas 54 %, and closed areas 15 % of the total surface. Similar results
were obtained by Vivo and Carmignotto (2004) based on the distribution of plant
formations (Fig. 3.4; see also Johnson 2002).
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Fig. 3.3 Graphic representation of the Zig-Zag Hypothesis (modified from Soibelzon 2008)
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Fig. 3.4 Chronological chart of the latest Pleistocene—Recent in southern South America and
climatic oscillations represented by Antarctica 8”H (Jouzel et al. 2007) and the fossil record of
megammamals and humans in South America

It is well known that the Late Pleistocene South American mammal diversity
was higher than the present especially because many different species of large
and megamammals were thriving in the Pampean area and the rest of the con-
tinent. However, although the taxonomic diversity was elevated, the number of
individuals per species and the total biomass in each location probably were not
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high because most of the South American glacial ecosystems should not have
been very productive. During glacial times, while climate was colder and drier
at the extraglacial areas, open areas expanded and animals and plants adapted to
these environments augmented their distribution and biomass (see discussion in
Cione et al. 2009). During the shorter interglacial periods, when temperature was
as high or even higher than present (see Lisiecki and Raymo 2005, and the bibli-
ography cited herein), an expansion of the forested areas may be expected (Vivo
and Carmignotto 2004) and with this an increase of the biomass of forest dwelling
animals.

Remarkably, the fossil record does not suggest that these cyclic environmental
changes either produced depletion of niches or caused massive extinction of mam-
mals (Tonni et al. 1992; Cione et al. 2009). In the short interglacial periods, open
areas adapted mammals were surely remarkably reduced in number of individuals
and under ecological stress for obvious reasons. Some populations possibly were
close to the minimal viable number and many surely became isolated and genetic
flux greatly diminished among them, reducing the genetic variability. We proposed
that during the present interglacial, when open-environment adapted huge mam-
mals were in crisis, humans entered South America and provoked their extinction
(Fig. 3.3).

In synthesis, the hypothesis (see Cione et al. 2003, 2009, and citations therein)
is supported by (1) the global and local climatic evolution, (2) the vegetational his-
tory, (3) the positive biostratigraphic evidence, (4) the chronology of extinctions,
(5) the paleobiogeography of mammals, (6) the adaptation to open environments
of those mammals that became extinct which also were probably k-adapted (e.g.,
females probably attained sexual maturity late, with a very long gestation period
[one year or more] and prolonged parental care, and a total low number of off-
springs during life), (7) the selective disappearance of all continental megamam-
mals and most large mammals, (8) the almost nil extinction of middle sized and
small mammals, and of other vertebrates, animals or plants at the extinction event,
(9) the protected environments where the few surviving large mammals live today,
(10) the inferred variation in numerosity but not in diversity of megamammals
during the cyclic shifts of vegetations, (11) the fact that the fauna was not declin-
ing by the time of the event; moreover, no significant extinction was detected dur-
ing the Middle-Late Pleistocene before the extinction event, (12) the fact that
both immigrants (of the GABI) and endemic mammals became extinct, (13) the
fact that American mammals did not coevolve with humans, (14) the entrance
of humans to the continent at the time of the extinction event, and (15) the fact
that humans actually hunted the megamammals and greatly modified the original
environments.

The theory is testable by analyzing the relationship between mammal extinc-
tion and climatic change throughout the lapse Middle Pleistocene—earliest
Holocene.

The South American extinction appears to be different to the North American
one because it lasted several thousands of years: Certainly, its demise was not
caused by a blitzkrieg (Fig. 3.4).



84 3 The GABI in Southern South America
3.2.2.3 Mass Extinction?

The extinction event was certainly spectacular. Some authors refer to it as a mass
extinction (e.g., Marshall et al. 1984; Dayton 2001; La Violette 2011). However, was
it a mass extinction? Mass extinctions share some common features (Benton and
Harper 2009): (1) The extinct organisms span a broad range of ecological environ-
ments, including plants and animals, marine and non-marine forms, and large and
small organisms; (2) Many species become extinct, usually more than 30 %; (3) The
extinction event is worldwide, in continents and oceans; (4) The extinctions hap-
pened within a relatively short time and hence relate to a single cause or cluster of
interlinked causes; (5) The level of extinction stands out as considerably higher than
the background extinction level. This latter concept refers to the normal extinctions
that happens without any broad-scale causes (see also Jablonski 2005; Erwin 20006).

Obviously, the Late Pleistocene—Holocene extinction did not encompass dif-
ferent kinds of organisms everywhere, including South America. Only terres-
trial megamammals, large mammals, and very few small mammals disappeared.
Neither plant nor marine organism extinctions are known.

Many species of mammals became extinct, but they were very far from the 30 %
that has been suggested. The extinction was not worldwide. Several terrestrial mam-
mals disappeared in the Americas, Eurasia, Australia, and many islands. Neither
freshwater nor marine animals and both terrestrial and aquatic plants were affected.

The extinctions happened within a relatively short time but not simultaneously
occurring at different times in different places (e.g., North and South America,
Europe, Australia, different islands). The levels of extinction stand out consider-
ably higher only in some mammals than the background extinction level.

3.2.2.4 In the Last Extinction, Most Were Xenarthran

South American megafauna was unique in being integrated by a majority of
xenarthrans percentage (more that 50 %; Vizcaino et al. 2009), peculiar mam-
mals that greatly diversified in the continent (Farifia 1996; Cione et al. 2003,
2009; Gutiérrez et al. 2010) (Fig. 3.5). Some migrated during the GABI to North
America (Woodburne et al. 2006; Woodburne 2010). We discuss if the peculiar
biology of xenarthrans could be relevant to explain its demise.

Fig. 3.5 Glyptodonts and ground sloths: They dominated open environments during million years and
became extinct just yesterday. Diorama in the Museo de La Plata. Photographs by Esteban Soibelzon
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Metabolic rate of xenarthrans falls between 40 and 60 % of the rates expected
from mass in the relation for placental mammals (Kleiber 1932; McNab
1985). According to Vizcaino et al. (2006), low metabolism would have per-
mit xenarthrans to attain large size in comparison with the low income of food.
“Xenarthrans have less occlusal surface area available for triturating food than epi-
therians of similar sizes. This fact may be related to the low basal metabolic rates
characteristic of living xenarthrans, which fall between 40 and 60 % of the rates
expected from mass in Kleiber’s (1932) relation for placental mammals (McNab
1985). This implies that xenarthrans have less energetic requirements than epithe-
rians and, therefore, for a specific type of food, require lower intakes than epitheri-
ans of similar body masses” (Vizcaino et al. 2006: 18).

Giant sloths would have depended on burrows to avoid excessive cold or warm
climatic conditions in order to conserve energy and water, and to breed, and even
to survive during the colder seasons because of the particular physiology of xenar-
thrans (see McNab 1985; Vizcaino and Loughry 2008).

Gutiérrez et al. (2010) suggested that xenarthrans, especially glyptodonts and
ground sloths, consumed a wide variety of plant resources and exploited differ-
ent habitats. Therefore, the coexistence of various herbivore species of xenarthrans
could be supported by differential consumption of a wide range of food resources.

The combination of factors such as diet, habitat preference, body mass, physi-
ology, and ethology, among others, could have been played an important role in
giant xenarthrans survival and extinction (Gutiérrez et al. 2010; see discussion in
Cione et al. 2009).

3.2.2.5 Extinct Mammals in Archaeological Sites

The megamammal and large mammal fauna was remarkably rich in South
America before the arrival of humans. During the latest Pleistocene, 32 species of
megamammals and 45 of large mammals that later became extinct were present
in the continent (a total of 77 extinct taxa). Most of them have not been recorded
in archeological sites. This fact could be a strong objection raised to reject the
hypothesis that humans had been a fundamental factor in the demise of the mega-
fauna. However, little has been studied about the different number of mammal spe-
cies and their biogeography.

We know that more than 70 megamammal and large mammal species existed
in South America during the latest Pleistocene. However, almost the 60 % of them
are only known by its holotype or just very few specimens. Consequently, only
40 % were relatively frequent species. Moreover, ecosystems should not admit
many specimens of each species of such large mammals.

Besides, there were quite different areas of endemism. Many were restricted to
northern or southern areas and others to highlands or lowlands (Fig. 3.6). Few of
them reached southern South America. Consequently, although the total number of
megamammals was outstanding, they were not present altogether in all areas.
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Fig. 3.6 Distribution of some extinct large and megamammals in South America during the Late
Pleistocene. a “Stegomastodon” waringi, “S.” platensis, and Cuvieronius hyodon (modified from
Cione et al. 2009); b Arctotherium tarijense and A. wingei (Soibelzon et al. 2005); ¢ Eremoth-
erium and Megatherium (Cartelle 1994; Pujos and Salas 2004); d Mixotoxodon and Toxodon
(Paula-Couto 1979; Carlini and Tonni 2000); e Holmesina majus, H. occidentalis, and H. paula-
coutoi (modified from Scillato-Yané et al. 2005); f Pampatherium typum and P. humboldti (modi-
fied from Scillato-Yané et al. 2005); g Xenorhinotherium bahiense and Macrauchenia patachon-
ica (de Melo et al. 2005; Carlini and Tonni 2000); h Glyptodon and Glyptotherium (Carlini and
Tonni 2000; Carlini et al. 2008); i Equus (Amerhippus) lasallei, E. (A.) insulatus, E. (A.) andium,
E. (A.) neogaeus (Alberdi and Prado 2004); j Mylodonopsis and Mylodon (Cartelle 1991; Bran-
doni et al. 2010); k Hoplophorus and Neosclerocalyptus; 1 Galictis vittata and Galictis cuja
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Fig. 3.6 (continued)

We consider here the particular case of the Pampean area, where a good pale-
ontological and archeological record is known. Megamammal species present in
the Pampean area during the Lujanian Stage were Doedicurus clavicaudatus*,
Glossotherium robustum*, Glyptodon clavipes, Glyptodon reticulatus (Glyptodon
sp. is present in archeological sites), Hemiauchenia paradoxa®, Lestodon arma-
tus*, Macrauchenia patachonica*, Megatherium americanum®*, Mylodon dar-
winii (Mylodon sp. is present in an archeological site), Panochthus tuberculatus,



88 3 The GABI in Southern South America

Fig. 3.6 (continued)

““Stegomastodon” platensis, Toxodon platensis*. Large mammals species were
the following: Antifer ultra, Arctotherium bonariense, Equus (A.) neogaeus¥,
Eutatus seguini*, Hippidion principale*, Holmesina paulacoutoi, Lama gracilis,
Morenelaphus lujanensis, Pampatherium typum, Paraceros fragilis, Propraopus
grandis, Scelidotherium leptocephalum (Scelidotherium sp. is present in one
archeological site), S. populator. Asterisk indicates that those taxa were found
in archeological sites. Bold types indicate that it is a relatively common taxon in
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paleontological sites. Some of the species that are not recorded in Pampean archeo-
logical sites are present in archeological sites of other regions (e.g., Lama gracilis).

We find that only 54 % of the megamammals and large mammals were relatively
common in the Pampean area. From these taxa, 77 % were present in archeological
sites. Consequently, only 23 % of the recorded species in archeological sites were
rare. As it can be expected, paleoindians appear to have particularly hunted the most
common taxa. For this, the absence of several mammals in the archaeological sites
would not indicate that they were depreciated for humans (see also Kay 2002). They
could be just extremely rare. On this sense, horses are relatively infrequent in the
archaeological sites but were not much difficult to hunt than a guanaco or a deer;
hence, a possible explanation is the occurrence of a reduced population. Farifia
(1996) estimated the population density of each herbivorous species on the Lujanian
ecosystems of the Pampean region using the general equation described in Damuth
(1981). These estimations showed that megaherbivores were less abundant than
was thought before, for example, the estimated density for M. americanum (body
mass ~4 tons) is ~0.2 individuals/km?; for D. clavicaudatus (body mass ~1.3 tons)
is ~0.4 individuals/km?; for G. clavipes (body mass ~2 tons) is ~0.3 individuals/km?;
for L. trigonidens (body mass ~3 tons) is ~0.2 individuals/km?; for T. platensis (body
mass ~1.1 tons) is ~0.5 individuals/km?; for M. patachonica (body mass ~1.1 tons)
is ~0.5 individuals/km?. Therefore, the absence or low record of megamammals in
archeological sites could be reflecting their low abundance in the Late Pleistocene—
Early Holocene ecosystems.

Another explanation is provided by the observations of Gary Haynes (in Fiedel
and Haynes 2004) on modern kill sites (both cultural and non-cultural) in Africa.
Haynes observed that modern death sites are rarely preserved (less than 0.01 %
or less of total number being killed or dying naturally). Indirect evidence of hunt-
ing of some large mammals not recorded in archaeological contexts was obtained
from blood present in lithic points (Kooyman et al. 2001) and micropolishes of
bone and soft tissues on lithic instruments (Cueto and Castro 2012).

Remarkably, in one archaeological site (the Paso Otero 5 Site; see Martinez and
Gutiérrez 2011), the mammal record previous to the extinction showed a large exploi-
tation of extinct mammals and a more reduced one of guanacos (Lama guanicoe,
one of the extant South American camelids). After the extinction of the larger mam-
mals, hunting was concentrated on guanacos and other relatively small and medium
size mammals (e.g., armadillos). This could be the representation of an opportunistic
behaviour that resulted after the almost total extermination of the spectacular fauna of
huge mammals that inhabited South America before the entrance of humans.

Epilogue

The first authors that considered the interchange between the Americas
were Wallace, Ameghino, and few others as early as the second half of 19th.
Notwithstanding the remarkable work done by thousands of paleontologists,
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zoologists, botanists, geologists, and professionals of other disciplines, we are far
from having a precise panorama about one of the most important event in the his-
tory of mammals.

However, we are confident that more complete survey of mammal-bearing units
in southern South America as well as the discovering others in the central and
northern Andes and Central America will give us the factual evidence for propos-
ing, confirming, or rejecting many hypotheses. Moreover, the expanding molecular
studies will provide minimum age for the origin of many endemic clades of North
American families whose first appearance is not adequately explained.

In this book, we consider the extinction of megafauna in South America as
a part of GABI. Several paleontologists (including the authors of this book) are
commited with the study of the processes that modified for ever the composition
and distribution of land mammals in South America. The appearance of hunter—
gatherers at the end of the Pleistocene occasioned the spectacular extinction of
megafauna. However, this process is being completed by modern man. For this,
research about recent distribution of vertebrates in South America has to be accel-
erated. During the last part of twentieth century and the beginning of the twenty-
first century, terrestrial and aquatic environments changed radically because
modern human activities occasioned extinction, pseudoextinction, and alteration
of distribution of many mammals. This disruption might make conventional and
molecular studies about historical patterns and relationships between different lin-
eages extremely difficult. However, fossils are still in the rocks. They are waiting
for us to find them, unearth them, and make them drops of light for explaining the
origin of a treasure in danger: the richest land mammal fauna of the world.

References

Alberdi MT, Prado JL (1993) Review of the genus Hippidion Owen, 1869 (Mammalia;
Perissodactyla) from the Pleistocene of South America. Zool J Linn Soc 108:1-22

Alberdi MT, Prado JL (2004) Los caballos fosiles de América del Sur. Una historia de 3 millones
de afos. INQUAPA Serie monogrifica, Argentina, p 269

Ameghino F (1889) Contribucion al conocimiento de los mamiferos fésiles de la Repiblica
Argentina. Actas de la Academia Nacional de Ciencias de Cérdoba 32:1-1027

Ameghino F (1907) Notas preliminares sobre el Tetraprothomo argentinus: Un precursor del
hombre del Mioceno superior de Monte Hermoso. Anales del Museo Nacional de Buenos
Aires 3:105-242

Bartoli G, Sarnthein M, Weinelt M, Erlenkeuser H, Garbe-Schonberg D, Lea DW (2005) Final
closure of Panama and the onset of northern hemisphere glaciation. Earth Planet Sci Lett
237:33-44

Benton MJ, Harper DAT (2009) Introduction to paleobiology and the fossil record. Wiley,
Chichester

Blunier T, Brook EJ (2001) Timing of millenial-scale climate changes in Antarctica and
Greenland during the last glacial period. Science 291:109-112

Brandoni D, Ferrero B, Brunetto E (2010) Mylodon darwini Owen (Xenarthra, Mylodontinae) from
the Late Pleistocene of Mesopotamia, Argentina. Remarks on individual variability, paleobiol-
ogy, paleobiogeography, and paleoenvironment. J Vertebr Paleontol 30(5):1547-1558



References 91

Cabrera AL, Willink A (1980) Biogeografia de América Latina. 2a edicién corregida. Monografia
13. Serie de Biologia. Secretaria General de la Organizacién de los Estados Americanos.
Washington, DC, EEUU, p 120

Carlini AA, Tonni EP (2000) Mamiferos Fésiles del Paraguay. Buenos Aires, p 108

Carlini AA, Zurita AE (2010) An introduction to Cingulate evolution and their evolution-
ary history during the Great American Biotic Interchange: biogeographical clues from
Venezuela. In: Sanchez-Villagra M, Aguilera O, Carlini AA (eds) Urumaco and Venezuela
Paleontology. The fossil record of the Northern Neotropics, vol 12. Indiana University
Press, Bloomington, pp 233-254

Carlini AA, Zurita A, Aguilera OA (2008) North American glyptodontines (Xenarthra,
Mammalia) in the upper Pleistocene of northern South America. Paldontologische
Zeitschrift 82(2):125-138

Cartelle C (1991) Um novo Mylodontinae (Edentata, Xenarthra) do Pleistoceno final da Regido
Intertropical brasileira. Anais da Academia Brasileira de Ciéncias 63(2):161-170

Cartelle C (1994) Tempo passado. Mamiferos do Pleistoceno em Minas Gerais. Brasilia, Palco
Editorial, p 132

Castroviejo-Fisher S, Guayasamin JM, Gonzalez-Voyer A, Vila C (2013) Neotropical diversifica-
tion seen through glassfrogs. J Biogeogr 41:66—-80

Cione AL, Tonni EP (1995) Chronostratigraphy and “land-mammal ages” in the Cenozoic of
southern South America: principles, practices, and the “Uquian” problem. J Paleontol
69:135-159

Cione AL, Tonni EP (1996) Inchasi, a Chapadmalalan (Pliocene) locality in Bolivia. Comments
on the Pliocene-Pleistocene continental scale of southern South America. J S Am Earth Sci
9:221-236

Cione AL, Tonni EP (2005) Bioestratigrafia basada en mamiferos del Cenozoico superior de
la provincia de Buenos Aires, Argentina. In: de Barrio RE, Etcheverry RO, Caballé MF,
Llambias E (eds) Geologia y Recursos Minerales de la Provincia de Buenos Aires, vol 11.
Relatorio del XVI Congreso Geolégico Argentino, pp 183-200

Cione AL, Tonni EP, Soibelzon LH (2003) The broken zig-zag: late Cenozoic large mammal
and turtle extinction in South America, vol 5. Revista del Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”, pp 1-19

Cione AL, Tonni EP, Bargo S, Bond M, Candela AM, Carlini AA, Deschamps CM, Dozo MT,
Esteban G, Goin FJ, Montalvo CI, Nasif N, Noriega JI, Ortiz Jaureguizar E, Pascual R,
Prado JL, Reguero MA, Scillato-Yané GJ, Soibelzon L, Verzi DH, Vieytes EC, Vizcaino
SF, Vucetich MA (2007) Mamiferos continentales del Mioceno tardio a la actualidad en
Argentina: cincuenta afios de estudios. Asociacion Paleontoldgica Argentina Publicacién
Especial 11, 50th aniversario, pp 257-278

Cione AL, Tonni EP, Soibelzon LH (2009) Did humans cause large mammal late Pleistocene-
Holocene extinction in South America in a context of shrinking open areas? In: Haynes G
(ed) American megafauna extinctions at the end of the Pleistocene. Vertebrate Paleobiology
and Paleontology Series. Springer, Berlin, pp 125-144

Clapperton C (1993) Nature of environmental changes in South America at the Last Glacial
Maximum. Palaeogeogr Palaeoclimatol Palaeoecol 101:189-208

Cody S, Richardson JE, Rull V, Ellis C, Pennington RT (2010) The Great American Biotic
Interchange revisited. Ecography 33:326-332

Cueto M, Castro A (2012) Technological and functional analysis of Pleistocene components
from La Maria Locality, Santa Cruz, Argentina. In: Miotti L, Salemme M, Flegenheimer N,
Goebel T (eds) Special edition of current research in the Pleistocene, pp 29-33

Damuth J (1981) Population density and body size in mammals. Nature 290:699-700

Dayton L (2001) Mass extinctions pinned on ice age hunters. Science 292:1819

de Melo DJ, de Cassia Tardin Cassab R, Ventura dos Passos F (2005) Cole¢do de mamiferos
pleistocénicos de Aguas de Araxd, no Museu de Ciéncias da Terra/DNPM-RJ. X Congresso
de Associagao Brasileira Estudos do Cuaternario (ABEQUA), p 12



92 3 The GABI in Southern South America

Erwin DH (2006) Extinction: how life on Earth nearly ended 250 million years ago. Princeton
University Press, Princeton, p 296

Farifia RA (1996) Trophic relationships among Lujanian mammals. Evol Theory 11:125-134

Fiedel S, Haynes G (2004) A premature burial: comments on Grayson and Meltzer’s “Requiem
for overkill”. J Archaeol Sci 31:121-131

Figueirido B, Soibelzon LH (2010) Inferring palaeoecology in extinct tremarctine bears
(Carnivora, Ursidae) using geometric morphometrics. Lethaia 43:209-222

Forasiepi AM, Martinelli AG, Goin FJ (2007) Revisién taxonémica de Parahyaenodon argenti-
nus Ameghino y sus implicancias en el conocimiento de los grandes mamiferos carnivoros
del Mio-Pliocene de América de Sur. Ameghiniana 44(1):143-159

Gasparini GM (2013) Records and stratigraphic ranges of South American Tayassuidae
(Mammalia, Artiodactyla). ] Mamm Evol 20(1):57-68

Genise JF (1989) Las cuevas con Actenomys (Rodentia, Octodontidae) de la Formacién
Chapadmalal (Plioceno superior) de Mar del Plata y Miramar (provincia de Buenos Aires).
Ameghiniana 26(1-2):33-42

Gutiérrez MA, Martinez GA, Bargo MS, Vizcaino SF (2010) Supervivencia diferencial de
mamiferos de gran tamafio en la regiéon pampeana en el Holoceno temprano y su relacion
con aspectos paleobioldgicos. In: de Nigris M, Ferndndez PM, Giardina M, Gil AF,
Gutiérrez MA, Izeta A, Neme G, Yacobaccio HD (eds) Zooarqueologia a principios del
siglo XXI: Aportes Tedricos, Metodoldgicos y Casos de Estudio. Ediciones del Espinillo,
Buenos Aires, pp 231-239

Hoffstetter R (1981) Historia biogeografica de los mamiferos terrestres sudamericanos:
problemas y enseflanzas. Acta Geoldgica Hispdnica 16:71-88 (concept and method in
paleontology)

Jablonski D (2005) Mass extinctions and macroevolution. Paleobiology 31:192-210

Johnson CN (2002) Determinants of loss of mammal species during the late quaternary
‘megafauna’ extinctions: life history and ecology, but not body size. Proc R Soc Lond B
269:2221-2227

Jouzel J, Masson-Delmotte V, Cattani O, Dreyfus G, Falourd S, Hoffmann G, Minster B, Nouet
J, Barnola JM, Chappellaz J, Fischer H, Gallet JC, Johnsen S, Leuenberger M, Loulergue
L, Luethi D, Oerter H, Parrenin F, Raisbeck G, Raynaud D, Schilt A, Schwander J, Selmo
E, Souchez R, Spahni R, Stauffer B, Steffensen JP, Stenni B, Stocker TF, Tison JL, Werner
M, Wolff EW (2007) Orbital and millennial Antarctic climate variability over the last
800000 years. Science 317:793-796

Kay CE (2002) False gods, ecological myths, and biological reality. In: Kay CE, Simmons RT
(eds) Wilderness and political ecology. The University of Utah Press, Salt Lake City, pp
238-261

Kleiber M (1932) Body size and metabolism. Hilgardia. J Agric Sci (Published by California
Agricultural Experiment Station) 6(11):315-353

Kooyman B, Newman ME, Cluney C, Lobb M, Tolman S, McNeill P, Hills LV (2001)
Identification of horse exploitation by Clovis hunters based on protein analysis. Am Antiq
66:686-691

Kraglievich JL, Olazdbal AG (1959) Los prociénidos extinguidos del género Chapalmalania
Ameghino. Revista del Museo Argentino de Ciencias Naturales “Bernardino Rivadavia”
6(1):1-59

La Violette PA (2011) Evidence of solar flare cause of the Pleistocene mass extinction.
Radiocarbon 53:303-323

Leigh EG, O’Dea A, Vermeij GJ (2014) Historical biogeography of the Isthmus of Panama. Biol
Rev 89(1):148-172

Lima SL, Dill LM (1990) Behavioral decision made under the risk of predation: a review and
prospectus. Can J Zool 68(4):619-640

Lisiecki LE, Raymo ME (2005) A Pliocene-Pleistocene stack of 57 globally distributed benthic
8180 records. Palacoceanography 20, PA 1003



References 93

Lépez G, Reguero M, Lizuain A (2001) El registro mds antiguo de mastodontes (Plioceno tardio)
de América del Sur. Ameghiniana 38:R35-R36

Liithi D, Le Floch M, Bereiter B, Blunier T, Barnola JM, Siegenthaler U, Raynaud D, Jouzel J,
Fischer H, Kawamura K, Stocker T (2008) High-resolution carbon dioxide concentration
record 650,000-800,000 years before present. Nature 453:379-382

MacFadden BJ (2013) Dispersal of Pleistocene Equus (Family Equidae) into South America and
Calibration of GABI 3 Based on evidence from Tarija, Bolivia. PLoS ONE 8(3):e59277.
doi:10.1371/journal.pone.0059277

Marshall LG (1977) Evolution of the carnivorous adaptive zone in South America. In: Hecht
MK, Goodoy PC, Hecht BM (eds) Major patterns in vertebrate evolution. Plenum Press,
New York, pp 709-721

Marshall LG, Butler RF, Drake RE, Curtis GH, Tedford RH (1979) Calibration of the Great
American Interchange. Science 204:272-279

Marshall LG, Webb SD, Sepkoski JJ Jr, Raup DM (1982) Mammalian evolution and Great
American Interchange. Science 215(4538):1351-1357

Marshall L, Hoffstetter R, Pascual R (1983) Mammals and stratigraphy: geochronology of
the continental mammal-bearing tertiary of South America. Palacovertebrata, Mémoire
Extraordinaire 1-93

Marshall L, Berta A, Hoffstetter R, Pascual R, Reig O, Bombin M, Mones A (1984) Mammals
and stratigraphy: geochronology of the continental mammal-bearing quaternary of South
America. Palacovertebrata Mémoire Extraordinaire, pp 1-76

Martinez G, Gutiérrez MA (2011) Paso Otero 5: a summary of the interdisciplinary lines of evi-
dence for reconstructing early human occupation and paleoenvironment in the Pampean
region, Argentina. In: Vialou D (ed) Peuplements et Préhistoire de I’Amérique, Muséum
National d’Histoire Naturelle, Département de Préhistoire, Parfs, pp 271-286

Matthew WD (1915) Climate and evolution. Ann N'Y Acad Sci 24:171-318

McCulloch RD, Bentley MJ, Purves RR, Hulton NJR, Sugden DE, Clapperton CM (2000)
Climatic inferences from glacial and palacoecological evidence at the last glacial termina-
tion, southern South America. J Quat Sci 15:409-417

McNab BK (1985) Energetics, population biology, and distribution of xenarthrans living and
extinct. In: Montgomery GG (ed) Evolution and ecology of armadillos, sloths and vermilin-
guas. Smithsonian Institution Press, Washington, DC, pp 219-232

Morales-Castilla I, Olalla-Tarraga MA, Purvis A, Hawkins BA, Rodriguez MA (2012) The
imprint of Cenozoic migrations and evolutionary history on the biogeographic gradient of
body size in New World mammals. Am Nat 180:246-256

Morrone JJ (2011) América do Sul e geografia da vida: comparacdo de algumas propostas de
regionalizagdo. In: Carvalho CJB, Almeida EAB (eds) Biogeografia da América do Sul-
Padrdes e Processos. Sao Paulo, Roca, pp 14-40

Morrone JJ (2014) Biogeographical regionalisation of the Neotropical region. Zootaxa
3782(1):001-110

Mothé D, Avilla L, Cozzuol M, Winck G (2011) Taxonomic revision of the quaternary gompho-
theres (Mammalia: Proboscidea: Gomphotheriidae) from the South American lowlands.
Quatern Int 276-277:2-7

Mothé D, Avilla L, Cozzuol M (2012) The South American gomphotheres (Mammalia,
Proboscidea, Gomphotheriidae): taxonomy, phylogeny, and biogeography. J] Mamm Evol
20:23-32

Mudelsee M, Raymo ME (2005) Slow dynamics of the Northern Hemisphere glaciation.
Paleoceanography 20:PA4022, p 14

Ornelas JF, Gonzilez C, Espinosa de los Monteros A, Rodriguez-Gémez F, Garcia-Feria FM
(2013) In and out of Mesoamerica: temporal divergence of Amazilia humming birds pre-
dates the orthodox account of the completion of the Isthmus of Panama. J Biogeogr
41:168-181

Pardifias UFJ, Tonni EP (1998) Procedencia estratigrafica y edad de los mds antiguos muroideos
(Mammalia, Rodentia) de América del Sur. Ameghiniana 35(4):473—475


http://dx.doi.org/10.1371/journal.pone.0059277

94 3 The GABI in Southern South America

Pascual R, Fidalgo F (1972) The problem of the Plio-Pleistocene boundary in Argentina (South
America). International Colloquium on the Problem “The boundary between Neogene and
Quaternary”, Moscow, pp 205-262

Pascual R, Ortega Hinojosa EJ, Gondar D, Tonni EP (1965) Las edades del Cenozoico
mamalifero de Argentina con especial atencién a aquellas del territorio bonaerense. Anales
de la Comision de Investigacién Cientifica 6:165-193

Patterson B, Costa LP (eds) (2012) Bones, clones, and biomes. The history and geography of
recent neotropical mammals. The University of Chicago Press Books, Chicago

Patterson B, Pascual R (1968) The fossil mammal fauna of South America. Quat Rev Biol
43(409-45):1

Patterson B, Pascual R (1972) The fossil mammal fauna of South America. In: Keast A, Erk FC,
Glass B (eds) Evolution, mammals, and southern continents. State University of New York
Press, Albany, pp 247-309

Paula-Couto C (1979) Tratado de Paleomastozoologia. Academia Brasileira de Ciéncias, Rio de
Janeiro, p 590

Pinto-Sancheza NR, Ibdfiez R, Madrifian S, Sanjur OI, Bermingham E, Crawford AJ (2012)
The Great American Biotic Interchange in frogs: multiple and early colonization of
Central America by the South American genus Pristimantis (Anura: Craugastoridae). Mol
Phylogenet Evol 62:954-972

Politis G (2007) Nukak. Ethnoarchaeology of an Amazonian People. Left Coast Press, Walnut
Creek

Politis G, Gutiérrez M (1998) Gliptodontes y cazadores-recolectores de la regién pampeana
(Argentina). Lat Am Antiq 9:111-134

Prevosti F (2006) Grandes candidos (Carnivora, Canidae) del Cuaternario de la Reptblica
Argentina. Sistemadtica, filogenia, bioestratigrafia y paleoecologia. Unpublished doctoral
thesis, Universidad Nacional de La Plata, p 501

Prevosti FJ, Pardinas UJF (2009) Comment on “The oldest South American Cricetidae (Rodentia)
and Mustelidae (Carnivora): late Miocene faunal turnover in central Argentina and the
Great American Biotic Interchange” by Verzi DH and Montalvo CI [Palaeogeography,
Palaeoclimatology, Palacoecology 267(2008):284-291] Palaeogeography, Palacoclimatology,
Palaeoecology 280:543-54

Prevosti F, Soibelzon LH (2012) Evolution of the South American carnivores (Mammalia,
Carnivora): a paleontological perspective. In: Patterson BD, Costa LP (eds) Bones, clones,
and biomes: an 80-million year history of modern Neotropical mammals, vol 6. University
of Chicago Press, Chicago, pp 102-122

Prevosti F, Gasparini GM, Bond M (2006) On the systematic position of a specimen previ-
ously assigned to Carnivora from the Pliocene of Argentina and its implication for the
Great American Biotic Interchange. Neues Jahrbuch fiir Geologie und Paldontologie-
Abhandlungen, Stuttgart 242(1):133-144

Prevosti FJ, Forasiepi AM, Soibelzon LH, Zimicz N (2009) Sparassodonta vs. Carnivora: eco-
logical relationships between carnivorous mammals in South America. In: 10th international
mammalogical congress, Mendoza Abstracts, pp 61-62

Prevosti FJ, Forasiepi AM, Zimicz N (2013) The evolution of the Cenozoic terrestrial mamma-
lian predator guild in South America: competition or replacement? J Mamm Evol 20:3-21

Prothero DR, Campbell KE Jr, Beatty BL, Frailey CD (2014) New late Miocene dromomery-
cine artiodactyl from the Amazon Basin: implications for interchange dynamics. J Paleontol
88(3):434-443

Pujos F, Salas R (2004) A systematic reassessment and paleogeographic review of fossil
Xenarthra from Peru. Bulletin de I’Institut Francais d’Etudes Andines 33:331-377

Reig OA (1981) Teoria del origen y desarrollo de la fauna de mamiferos de América del Sur.
Museo Municipal de Ciencias Naturales Lorenzo Scaglia, Mar del Plata, p 162

Scillato-Yané GJ, Carlini AA, Tonni EP, Noriega JI (2005) Paleobiogeography of the late
Pleistocene pampatheres of South America. J S Am Earth Sci 20(1-2):131-138



References 95

Scott WB (1937) A history of land mammals in the Western Hemisphere. Hafner, New York

Simpson GG (1950) History of the Fauna of Latin America. Am Sci 38:261-389

Simpson GG (1980) Splendid isolation: the curious history of South American mammals. Yale
University Press, New Haven y Londres, p 266

Soibelzon LH (2008) Broken Zig-Zag. Una nueva hipétesis sobre las causas de la extincion de
los megamamiferos en América del Sur. Museo 22:24-36

Soibelzon LH (2011) First description of milk teeth of fossil South American procyonid from
the lower Chapadmalalan (Late Miocene-Early Pliocene) of “Farola Monte Hermoso”,
Argentina: Paleoecological considerations. Palaontologische Z 85:83—-89

Soibelzon L, Prevosti FJ (2008) Los carnivoros (Carnivora, Mammalia) terrestres del Cuaternario
de América del Sur. In: Pons GX i Vicens D (ed) Geomorfologia Litoral i Quaternari.
Homenatge a Joan Cuerda Barcel6. Monografias de la Sociedad de Historia Natural de las
Baleares, vol 14. Palma de Mallorca, pp 49-68

Soibelzon LH, Schubert BW (2011) The largest known bear, Arctotherium angustidens, from the
early Pleistocene pampean region of Argentina: with a discussion of size and diet trends in
bears. J Paleontol 85(1):69-75

Soibelzon LH, Tonni EP, Bond M (2005) The fossil record of South American short-faced bears
(Ursidae, Tremarctinae). J S Am Earth Sci 20:105-113

Soibelzon E, Prevosti FJ, Bidegain JC, Rico Y, Verzi DH, Tonni EP (2009) Correlation of late
Cenozoic sequences of southeastern Buenos Aires province: Biostratigraphy and magneto-
stratigraphy. Quat Int 210:51-56

Soibelzon E, Mifo-Boilini AR, Zurita AE, Krmpotic CM (2010) Los Xenarthra (Mammalia) del
Ensenadense (Pleistoceno Inferior a Medio) de la Region Pampeana (Argentina). Revista
Mexicana de Ciencias Geoldgicas 27(3):449-469

Soibelzon LH, Zamorano M, Scillato-Yané GJ, Piazza D, Rodriguez S, Soibelzon E, Tonni EP,
San Cristébal J, Beilinson E (2012) Un Glyptodontidae de gran tamaiio en el Holoceno tem-
prano de la Regién Pampeana, Argentina. Revista Brasileira de Paleontologia, Sociedade
Brasileira de Paleontologia, Rio de Janeiro, Brazil, vol 15(1), pp 105-112

Soibelzon E, Francia A, Ciancio MR (2013) Capitulo 3. Los mamiferos fésiles de la regiéon pam-
peana. In: Ciancio MR, Soibelzon E, Francia A (eds) Caminando sobre gliptodontes y tigres
diente de sable Una guia didactica para comprender la evolucion de la vida en la Tierra.
EDULP 130 pp. 978-987-1985-32-6. http://proyecto-caminando.blogspot.com.ar/

Steig EJ (2006) The south—north connection. Nature 444:152—153

Tonni EP, Prado JL, Menegaz A, Salemme MC (1985) La unidad mamifero Lujanense.
Proyecciéon de la estratigraffa mamaliana al Cuaternario de la Regién Pampeana.
Ameghiniana 22:255-261

Tonni EP, Alberdi MT, Prado JL, Bargo MS, Cione AL (1992) Changes of mammal assemblages
in the Pampean Region (Argentina) and their relation with the Plio-Pleistocene boundary.
Palacogeogr Palaeoclimatol Palacoecol 95:179-194

Verzi DH, Montalvo CI (2008) The oldest South American Cricetidae (Rodentia) and Mustelidae
(Carnivora): Late Miocene faunal turnover in central Argentina and the Great American
Biotic interchange. Palacogeogr Palacoclimatol Palacoecol 267:84-291

Vivo M, Carmignotto AP (2004) Holocene vegetation change and the mammal faunas of South
America and Africa. J Biogeogr 31:943-957

Vizcaino SF, Loughry WJ (2008) Xenarthran biology: past, present, and future. In: Vizcaino
SE, Loughry WJ (eds) The biology of the Xenarthra. University Press of Florida, Florida,
pp 1-10

Vizcaino SF, Zarate M, Bargo MS, Dondas A (2001) Pleistocene burrows in the Mar del Plata
area (Argentina) and their probable builders. Acta Palaeontol Pol 46:289-301

Vizcaino SF, Farifia RA, Zarate MA, Bargo MS, Schultz P (2004) Palaeoecological implica-
tions of the mid-Pliocene faunal turnover in the Pampean Region (Argentina). Palacogeogr
Palaeoclimatol Palaeoecol 213:101-113


http://proyecto-caminando.blogspot.com.ar/

96 3 The GABI in Southern South America

Vizcaino SF, Bargo MS, Cassini GH (2006) Dental occlusal surface area in relation to body
mass, food habits and other biological features in fossil xenarthrans. Ameghiniana 43:11-27

Vizcaino SF, Farifia RA, Fernicola JC (2009) Young Darwin and the ecology and extinction of
Pleistocene South American fossil mammals. Revista de la Asociacion Geoldgica Argentina
64:160-169

von Thering H (1900) The history of the Neotropical region. Science 12:857-864

Wallace AR (1876) The geographical distribution of animals. With a study of the relations of
living and extinct faunas as elucidating the past changes of the earth’s surface. Harper and
Brothers, New York, 1 and 2: 576 4+ 650 pp

Webb SD (1976) Mammalian faunal dynamics of the great American interchange. Paleobiology
2(3):220-234

Webb SD (1985a) Faunal interchange between North and South America. Acta Zoologica
Fennica 170:177-178

Webb SD (1985b) Late Cenozoic mammal dispersals between the Americas. In: Stehli FG, Webb
SD (eds) The Great American Biotic Interchange. Plenum Press, New York, pp 357-386

Webb SD, Marshall LG (1982) Historical biogeography of recent South American land mam-
mals. In: Mares MA, Genowas HH (eds) Mammalian biology in South America. Pymatung
Symposia on Ecology, Spec. Publ. Ser., pp 39-52

Werdelin L (1987) Jaw geometry and molar morphology in marsupial carnivores: analysis of a
constraint and its macroevolutionary consequences. Paleobiology 13:342-350

Werdelin L (2009) Radiation, invasion, replacement: Carnivore evolution in South America and
Africa compared. In: Proceedings from 10th international mammalogical congress I, p 61

Wilson JS, Messinger Carril O, Sipes SD (2014) Revisiting the Great American Biotic
Interchange through analyses of amphitropical bees. Ecography. doi:10.1111/ecog.00663

Woodburne M (2010) The Great American Biotic Interchange: dispersals, tectonics, climate, sea
level and holding pens. ] Mamm Evol 17:245-264

Woodburne M, Cione AL, Tonni EP (2006) Central American Provincialism and the Great
American Biotic Interchange. Publicacion Especial del Instituto de Geologia y Centro de
Geociencias de la Universidad Nacional Auténoma de México 4:73—-101

Zachos JC, Pagani M, Sloan L, Thomas E, Billups K (2001) Trends, rhythms, and aberrations in
global climate 65 Ma to present. Science 292:686

Zurita AE, Soibelzon LH, Soibelzon E, Gasparini GM, Cenizo MM, Arzani H (2010) Accessory
protection structures in Glyptodon Owen (Xenarthra, Cingulata, Glyptodontidae). Anales de
Paleontologie 96:1-11


http://dx.doi.org/10.1111/ecog.00663

	3 The GABI in Southern South America
	Abstract 
	3.1 Short History of the Interchange and the Great American Biotic Interchange (GABI) Concept
	3.2 The GABI Chronology and Dynamics
	3.2.1 First Record of Taxa of North American Origin in Southern South America Gives the General Pattern but does not Explain the Details
	3.2.1.1 Biogeography and Immigration

	3.2.2 Integration of South American Mammalian Faunas: The Coexistence of Native and Immigrant Taxa
	3.2.2.1 The Last Mammalian Extinction in South America
	3.2.2.2 The Broken Zig-Zag: A Synthesis
	3.2.2.3 Mass Extinction?
	3.2.2.4 In the Last Extinction, Most Were Xenarthran
	3.2.2.5 Extinct Mammals in Archaeological Sites


	References


