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Paleobiology of Pleistocene ground sloths (Xenarthra,
Tardigrada): biomechanics, morphogeometry and
ecomorphology applied to the masticatory apparatus

M. Susana BARGO! and Sergio F. VIZCAINO!

Abstract. The fossil xenarthrans include giant forms, the ground sloths (Tardigrada), characteristic of the mammal
fauna of the Pleistocene of South America. Although most authors agree in considering them as herbivorous, these
forms have not been studied in terms of detailed morpho-functional analyses of their masticatory apparatuses. The
aim of this work is the study the masticatory apparatus of the large Pleistocene ground sloths Glossotherium robus-
tum, Lestodon armatus, Mylodon darwini and Scelidotherium leptocephalum (Mylodontidae) applying biomecanichal
and morphogeometrical methods, and to compare with the information obtained for Megatherium americanum
(Megatheriidae). The results are integrated with recent ecomorphological analyses that include three variables
(hypsodonty index, dental occlusal surface area and relative width and shape of the muzzle) providing useful in-
formation for the inference of dietary habits and to propose a niche partitioning among these species. Glossotherium
robustum and Lestodon armatus, the wide-muzzled sloths, were mostly bulk-feeders (i.e. ingest great amounts of
food with each bite; probably grass and herbaceous plants). Mylodon darwini and Scelidotherium leptocephalum, the
narrow-muzzled sloths, were mixed or selective-feeders (i.e. select plants or plant parts; grass and/or tree and
shrubs foliage). The tooth design of mylodontids indicates that teeth were used mainly for crushing and grinding
turgid and fibrous items respectively. Megatherium americanum was probably the most selective feeder among these
sloths, and selectively fed on particular plants (shrubs) or plant parts (leaves, twigs, fruits). Its dentition was de-
signed mostly for cutting soft but tough items which might include flesh, leaving open the possibility of an om-
nivorous diet.

Resumen. PALEOBIOLOGIA DE LOS PEREZOSOS TERRESTRES (XENARTHRA, TARDIGRADA) PLEISTOCENOS: BIOMECANICA, MOR-
FOGEOMETRIA Y ECOMORFOLOGIA APLICADAS AL APARATO MASTICATORIO. Los xenartros fésiles incluyen formas gigantes,
los perezosos terrestres (Tardigrada), caracteristicas de la fauna de mamiferos del Pleistoceno de América del Sur.
Si bien la mayoria de los autores los han considerado herbivoros, estas formas no han sido objeto de un anélisis
morfofuncional detallado de sus aparatos masticatorios. El objetivo de este trabajo es estudiar el aparato mastica-
torio de los perezosos terrestres Glossotherium robustum, Lestodon armatus, Mylodon darwini'y Scelidotherium lepto-
cephalum (Mylodontidae) aplicando métodos biomecéanicos y morfogeométricos, y compararlos con Megatherium
americanum (Megatheriidae). Estos resultados son integrados con aquellos obtenidos de analisis ecomorfolégicos
que incluyen tres variables (indice de hipsodoncia, drea de la superficie oclusal dentaria y ancho relativo y forma
del hocico), proveyendo informacién para inferir probables habitos alimenticios y proponer una particion de
nichos. Glossotherium robustum y Lestodon armatus, formas de hocico ancho, no eran selectivos, se alimentaban al
bulto (i.e. ingerian grandes cantidades de alimento con cada bocado; probablemente pastos y plantas herbéceas).
Muylodon darwini'y Scelidotherium leptocephalum, formas de hocico angosto, eran selectivos o intermedios (i.e. selec-
cionaban plantas o partes de plantas; pastos y/o hojas de arboles y arbustos). El disefio de los dientes indica que
eran usados principalmente para triturar y moler alimentos semiduros o pulposos y fibrosos. Megatherium ameri-
canum era el mas selectivo, y probablemente se alimentaba seleccionando ciertas plantas o partes de plantas (hojas,
ramas, frutos). Sus dientes estaban disefiados principalmente para cortar alimentos blandos pero resistentes, que
podrian incluir carne, lo que deja abierta la posibilidad de una dieta omnivora.
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Introduction

Sloths (Xenarthra: Tardigrada) are among the
most conspicuous mammals in the Cenozoic faunas
of South America and, as a group, they show a great
diversity (with more than 80 genera, grouped in four
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families: Megatheriidae, Megalonychidae, Nothro-
theriidae and Mylodontidae). During the early
Miocene, the frequency and diversity of tardigrades
increased considerably, including small to medium
sized facultative arboreal forms (Scillato-Yané, 1986;
White, 1997; McDonald and De Iuliis, 2008). But it is
not until the Pleistocene, that a great number of gi-
gantic sloths (Mylodontidae and Megatheriidae) are
recorded. Webb (1985) proposed the term ground
sloth for these forms belonging to different clades
that reached the late Pleistocene-early Holocene. At
present, tardigrades are represented only by two
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convergent genera: Choloepus (Illiger, 1811), the two-
toed sloth, allied with members of Megalonychidae,
and Bradypus (Linnaeus, 1758), the three-toed sloth,
and the sister taxon of all the remaining sloths
(Gaudin, 2004; figure 1). Carlini and Scillato-Yané
(2004: 434) proposed a different view, considering
that Bradypus differentiated through a process of het-
erochrony within Megalonychidae.

Although most authors agree in considering
ground sloths as herbivorous, the South American
forms have not been studied in terms of detailed
morpho-functional analyses of their masticatory ap-
paratuses. For more than a century general specula-
tions on the dietary preferences of ground sloths
have been proposed. Owen (1842, 1860) made re-
markable descriptions of the skeletons of the ground
sloths Glossotherium Owen, 1839 and Megatherium
Cuvier, 1796, and gave extensive explanations about
their possible diet and behavior. He based his con-
clusions on the morphology of the skull, combined
with peculiarities of the rest of the skeleton, but al-
ways by analogy with living tree sloths primarily,
and with other herbivorous extant mammals of sim-
ilar size (i.e. elephant, giraffe). Owen (1842:159-160)
wrote: ..."The close correspondence between the
Megatherium and the Mylodon [Glossotherium] in the
modifications of the skeleton determining the pecu-
liar forces acting from the hind upon the fore-parts,
compels us to infer that they resembled each other in
the mode of which they obtained their sustenance;
and nevertheless, the difference in the form of the
grinding surface of the teeth, as well as in their size
and the depth of insertion, obviously indicates some
difference in the substances comminuted... On the
theory that the Megatherioids subsisted on foliage, it
is most natural to suppose that the Mylodon and
Megalonyx, with teeth most closely resembling those
of the Sloths, would feed, like them, on the leaves
and tender buds; while the Megatherium, whose es-
sentially bradypodal teeth were more modified by
their arrangement in a closer series, ...so as concur-
rently to offer and obvious resemblance to the
Elephant's dentition, would be thereby able to bruise
the smaller branches, and to masticate these together
with the buds and leaves"... "All the characteristics
which co-exist in the skeleton of the Mylodon and the
Megatherium conduce and concur to the production
of the forces requisite of uprooting and prostrating
trees;..." Latter in 1860, Owen stated about
Megatherium ..."Guided by the general rule that ani-
mals having the same kind of dentition have the
same kind of food, I conclude that the Megatherium
must have subsisted, like the Sloths, on the foliage of
trees; but that the greater size and strength of the
jaws and teeth, and the double-ridged grinding sur-
face of the molars in the Megatherium, adapted it to
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Figure 1. Phylogeny of Tardigrada (modified from Gaudin, 2004)
/ filogenia de los Tardigrada (modificado de Gaudin, 2004).

bruise the smaller branches as well as the leaves, and
thus to approximate its food to that of the Elephants
and Mastodons".

Stock (1925) proposed that megatheres, together
with megalonychids and nothrotheres, were proba-
bly browsers, while mylodontids were grazers. Ca-
brera (1926) discussed the diet of Megatherium, reject-
ing some theories on myrmecophagy or insectivory,
and entirely concurred with Owen's statements on a
folivorous diet. Winge (1941: 364) pointed that
Megatherium "has progressed farthest in specialisa-
tion as a plant feeder" and that it "must undoubtedly
have fed on unusually tough leaves which required
much power of mastication". Scillato-Yané (1977) in-
dicated that the Megatheriinae and Mylodontidae
had a robust calcaneum, which might be used as a
steady point to dig with the fore limbs to root out the
grasses, which were the basis of their diet.

More recently, dietary habits were proposed ba-
sed on some features of the masticatory apparatus.
McDonald (1987) indicated that the Plio-Pleistocene
South American Scelidotheriinae were selective-fee-
ders because the long and narrow muzzle was ap-
propriate to select plant parts. For the North Ame-
rican ground sloths, Naples (1987, 1989) proposed
that Nothrotheriops shastense (Sinclair, 1905) (Nothro-
theriidae) was a selective browser and Paramylodon
harlani (Owen, 1843) (Mylodontidae) a browser/
grazer, instead of a strict grazer. McDonald (1995)
considered that Megalonyx Harlan, 1825 (Megalo-
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nychidae), also from North America and Eremo-
therium Spillmann, 1948 (Megatheriidae), from North
and South America, were browsers.

An alternative hypothesis to the ground sloths
herbivory was proposed by Farifia (1996) on the ba-
sis of a study that analyses the trophic relations of the
Lujanian (late Pleistocene, early Holocene) megafau-
na. Farifia suggests that the ground sloths might
have been opportunistic scavengers, especially Mega-
therium americanum (Cuvier, 1796). Farifia and Blanco
(1996) support this hypothesis indicating that
Megatherium was probably an active hunter based on
the development of the olecranon process, which
would allow it to stab effectively the prey.

In the last decade, several studies on the paleobi-
ology of South American mammals, mostly xe-
narthrans, were conducted based on morpho-func-
tional and biomechanical analysis of the feeding ap-
paratus (Farifia, 1985, 1988; Vizcaino, 1994; Vizcaino
and Farifia, 1997; Vizcaino and Bargo, 1998; Vizcaino
et al., 1998; De Iuliis et al., 2000; Pérez et al., 2000;
Bargo, 2001a and b; Farifa and Vizcaino, 2001;
Vizcaino and De Iuliis, 2003; Bargo, De Iuliis and
Vizcaino, 2006; Bargo, Toledo and Vizcaino, 2006;
Vizcaino, Bargo and Cassini, 2006), and their paleoe-
cological context, specially referred to the trophic re-
lations (Farifia, 1996; Vizcaino, 2000; Vizcaino et al.,
2006).

The great variation in skull and dental morpholo-
gy, body size and proportion among ground sloths
suggests that they had diversified to fill a variety of
niches. Their marked differences in the skeletal and
dental anatomy with other mammalian herbivores,
and the lack of recent analogs, makes difficult to in-
terpret the ecology of ground sloths, particularly
their dietary habits. Even the extant tree sloths are
too specialized to provide good models: with relative
small body masses (less than 10 kilograms), they are
strictly arboreal, folivorous (consuming mainly tree
and liana leaves), and extremely silent during their
rare and careful movements, spending most of their
time well-hidden in the high canopy of Neotropical
forests (Chiarello, 2008).

Several studies on the biomechanics of the masti-
catory apparatus have demonstrated correlations
among the behavior, diet, and form of the skull, jaws,
dentition, and musculature in extant mammals (e.g.,
Maynard Smith and Savage, 1959; Turnbull, 1970;
Moore, 1981; Naples, 1982, 1985, Smith, 1993;
Spencer, 1995; Mendoza et al., 2002; Mendoza and
Palmqvist, 2007, 2008). Particularly, Janis (1995) pro-
posed that there are three variables that allow dis-
criminating among ungulates of grazing, browsing
and mixed feeder habits: hypsodonty index, lower
premolar row relative length, and the relation be-
tween palatal width and muzzle width. However, it
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is worth mentioning that recently Mendoza and
Palmqvist (2007, 2008) detected at some exceptions -
e.g. the white rhino, Ceratotherium simum (Burchell,
1817)- to these generalizations considering each vari-
able individually (see Discussion). In several recent
papers we analyzed and adapted these variables (see
Discussion) to the morphology of the tardigrades in
order to facilitate their application to these mammals.
(Bargo, De luliis and Vizcaino, 2006; Bargo, Toledo
and Vizcaino, 2006; Vizcaino, Bargo and Cassini,
2006).

This work summarizes the Doctoral Thesis of one
the authors (Bargo, 2001a) as a review of the already
published subjects, with the addition of the unpub-
lished, updated, and improved information and re-
sults. The goal is the study of the morphology of the
masticatory apparatus of the large Pleistocene my-
lodont ground sloths Glossotherium robustum (Owen,
1842), Lestodon armatus Gervais, 1855, Mylodon darwi-
ni Owen, 1839 and Scelidotherium leptocephalum
Owen, 1840 (Mylodontidae) applying biomecanichal
and morphogeometrical methods, and compare
these taxa with Megatherium americanum (Megathe-
riidae; Bargo, 2001b) (figure 2). The results obtained
are then integrated with recent ecomorphological
analyses of these ground sloths, including the hyp-
sodonty index (Bargo, De Iuliis and Vizcaino, 2006),
the dental occlusal surface area (Vizcaino, Bargo and
Cassini, 2006) and the relative width and shape of the
muzzle (Bargo, Toledo and Vizcaino, 2006), provid-
ing useful information for the inference of different
dietary habits and, hence, allowing us to propose a
paleoecological interpretation (niche partitioning) of
the Pleistocene tardigrades.

The use of terms browser and grazer

As becomes evident from the previous section,
most authors refer to the dietary habits of fossil
sloths as grazers or browsers. In some cases, they al-
so use the feeding category of mixed-feeders.

However, as noted in studies on living herbivores
(Hofmann and Stewart, 1972; Spencer, 1995), the
terms browsing and grazing are of ambiguous na-
ture. A review of the literature available on the sub-
ject reflects that the terms have been used to refer to
the mode of food acquisition, as well as the type of
food ingested, i.e. "browsing" may refer to selective
feeding of any food type, as well as eating dicot ma-
terial; "grazing" denotes grass eating, but is used to
mean eating of forbs as well. Nature provides plenty
of examples of these "ambiguities". For instance, the
living cervid Ozotoceros bezoarticus (Linnaeus, 1758)
which feeds mainly on grasses, but also plucks small
morsels from nutritious plants of certain species,
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Figure 2. 1, Glossotherium robustum (MLP 3-140). 2.2, Lestodon armatus (MLP 3-30). Scale bar / escala: 10 cm. 3, Mylodon darwini (CN
43).4, Scelidotherium leptocephalum (MLP 3-402). Scale bar / escala: 5 cm. 5, Megatherium americanum (MNHN PAM 276). Scale bar /
escala: 10 cm.

would be a browser from the point of view of the
food acquisition and a grazer considering only the
food ingested. Consequently, when applied to an ex-
tinct species -and to great extent also to living ani-
mals-, the reader (and probably the authors them-
selves) do not know if the terms refer to a mode of
food acquisition selected by size and shape, and so is
independent of the taxonomic nature of the item
within certain ranges (i.e. herbivory), or the selection
of specific taxa independent of the size and shape, or
an uncertain degree of combination of both.

It seems that the basic problem while trying to
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classify mammals as either browsers or grazers is
that both terms are based in different criteria, as it be-
comes apparent considering the meaning of the
words. On one side, browse reflects capacity for
searching and is used for feeding on leaves, young
shoots, and other vegetation independently of its tax-
onomy (although it's definition also includes grazing
among its meanings). On the other, graze implies
some taxonomic, as well as structural constraints: to
feed on growing grasses and herbage.

Hofmann and Stewart (1972) proposed a classifi-
cation for ruminant ungulates as bulk and roughage
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eaters (grass eaters, and within them roughage graz-
ers; fresh grass grazers; and dry regions grazers), se-
lectors of concentrate juicy herbage (with tree and shrub
foliage eaters, and fruit and dicot foliage selectors),
and intermediate feeders (with some preferring grass-
es, and other preferring forbs, and shrub and tree fo-
liage). This alternative classification was based on the
stomach-structure and feeding habits of East African
ruminants, but in some way it reflects physical prop-
erties of the consumed plants. It was proposed that
bulk-feeders eat low quality plant material, and that
this correlates with wide-muzzled animals to im-
prove the quantity of food intake in each bite, while
selective-feeders are narrow-muzzled facilitating se-
lection of more nutritious small plant or plant parts
(Janis and Ehrhardt, 1988; Solounias et al., 1988;
Solounias and Moelleken, 1993). From this point of
view, the previously mentioned cervid Ozotoceros be-
zoarticus would be a selective feeder, and its mor-
phology clearly correlates with that behavior
(Merino et al., 2005).

Following Solounias and Moelleken (1993), the
terms grazers and browsers should be used specifi-
cally to express types of vegetation eaten, not to dis-
tinguish between selective and non-selective feeders.
However, to assign a type of vegetation eaten is dif-
ficult if behavior is not observable and isotopic
analyses are not available. In some cases, as the com-
plex multivariate approach by Mendoza et al. (2002),
observations on eaten food are highly statistically
correlated to craniodental features for living ungu-
lates. But, as the same authors pointed out, the dis-
crimination of feeding habits in ungulates is a rather
difficult task, due to functional, historical and biome-
chanical constraints, features that are highly empha-
sized in forms so distant phylogenetically, with al-
most no living relatives or evident analogs.

In an attempt to escape to this dead end, we ana-
lyze morphology based on a mechanical assessment
(e.g. relationships between strength and speed, etc)
and hence on how it deals with physical properties
(hardness, wearing, size). Plotnick and Baumiller
(2000) stated that this paleobiomechanic approach
does not indicate if an organism has an optimal de-
sign, but determines whether structures were capa-
ble of doing a given function. Following this criteri-
on, we will refer to dietary habits of ground sloths on
the basis of the main physical properties of the food
inferred from the morphological evidence.

Materials and methods

For the purpose of this study, nearly thirty skulls
(most of them very complete) from different institu-
tions from Argentina and abroad were examined.
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The acronyms and material studied are listed in
Appendix 1.

The skull morphology of the mylodontids G. ro-

bustum, L. armatus, M. darwini and S. leptocephalum
was described and then compared through morpho-
geometric methods. The masticatory muscles were
reconstructed for the jaw mechanics analysis, and the
occlusal patterns and mandibular movements deter-
mined through study of the craniomandibular joint,
the form and arrangement of the dentition, including
occlusal wear patterns, and the form and structure of
the mandibular symphysis. These results were com-
pared with those obtained by Bargo (2001b) for M.
americanum.
Skull morphology and shape analysis. The morphol-
ogy of the skull, mandible and dentition of the
ground sloths were described comparatively, em-
phasizing only on those features that are relevant for
the biomechanical analysis. The shapes of the skull
and mandible were then compared using a morpho-
geometric method, which allows determining pat-
terns of morphological variability and change. A su-
perimposition technique (RFTRA, Resistant-Fit The-
ta-Rho-Analysis) was used. It analyzes changes in
shape through the superimposition of one form onto
another (base and target specimen, respectively) us-
ing the position of landmarks (homologous and geo-
metrical points, or type I and II landmarks respec-
tively sensu Bookstein, 1981) (see Benson et al., 1982;
Chapman, 1990a and references therein). The dis-
tance coefficients obtained allow constructing dis-
tance matrices that, through a cluster analysis using
UPGMA (Unweighted Pair-Group Method with
Arithmetic Averages) generate dendrograms. RF-
TRA identifies and measures the homologous re-
gions of change in shape by establishing congruence
among those that have not changed. Although RF-
TRA has been applied especially to identify shape
variability in a taxonomical context (Chapman,
1990b), recent studies on xenarthrans demonstrated
this approach as useful in morpho-functional inter-
pretations (Vizcaino and Bargo, 1998; Vizcaino et al.,
1998; De Iuliis et al., 2000; Vizcaino and De Iuliis,
2003).

Comparisons of pairs of specimens (skulls in lat-
eral and palatal views, and mandibles in lateral
views) of the four mylodontids were performed. In
all cases, Glossotherium robustum was used as the base
specimen. For this purpose, 19 landmarks (12 homol-
ogous, and 7 geometric were chosen for the lateral
and palatal views of the skull, and 14 landmarks (5
homologous, and 9 geometric) for the lateral view of
the mandible (Appendix 2, figure 3). Comparisons of
G. robustum - M. americanum were performed and il-
lustrated by Bargo (2001b: 186, figure 7).
Masticatory musculature. Muscle attachment sites

AMEGHINIANA 45 (1), 2008



180

Figure 3. Skull in lateral (1) and palatal (2) views, and mandible
in lateral view (3) of Glossotherium robustm showing the land-
marks used for the morphogeometrical (RFTRA) analysis / crineo
en vista lateral (1) y palatal (2) y mandibula en vista lateral (3) de
Glossotherium robustum mostrando los landmarks utilizados para
el andlisis morfogeométrico (RFTRA).

are usually unambiguously indicated in mammals by
features of the skull and jaws, such as roughened sur-
faces, scar lines, ridges, and crests. These features are
usually more conspicuous in fossil than in living
mammals, but the identification of them depends on
the size of the fossil specimen, on their degree of
preservation and the ontogenetic age of the individ-
ual. The areas of origin and insertion of the mastica-
tory muscles were reconstructed based on these fea-
tures, and the patterns of musculature in modern
mammals (Maynard Smith and Savage, 1959;
Turnbull, 1970), particularly those in tree sloths
Bradypus and Choloepus (Macalister, 1869; Windle
and Parson, 1899; Edgeworth, 1935; Sicher, 1944;
Naples, 1982, 1985). Naples (1987, 1989) reconstruct-
ed in great detail the masticatory muscles, including
the subdivisions of the m. temporalis, m. massetericus
and m. pterygoideus of Nothrotheriops shastense and Pa-
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ramylodon harlani. The material described by Naples,
which one of the authors (MSB) was able to study,
comes from the collection made from the Rancho La
Brea Tar Pits housed at the Page Museum. The skulls
and mandibles of these ground sloths are extremely
complete, with an excellent degree of preservation,
but the skulls and jaws recovered from the tar pits
were disarticulated, and in most cases, it is not possi-
ble to establish individual correspondences between
skulls and jaws from the same individual.

The nature and relationships of the skeletal fea-
tures in the material examined for this work preclude
as confident a reconstruction of the musculature de-
tail that Naples was able to achieve. In any event, the
scope of this paper does not require such detail re-
construction. Thus, only those features of the muscu-
lature that are relevant for analysis of the lines of ac-
tion are described here. The musculature recon-
structed for this analyses includes the m. temporalis,
m. massetericus (including the m. zygomaticomandibu-
laris), and m. pterygoideus.

Jaw mechanics. The application of biomechanics to
the study of fossil vertebrates has proven to be a
good approach to the testing of functional hypothesis
(Plotnick and Baumiller, 2000). In this way, the jaws
can be considered as a lever system, with the pivot at
the craneomandibular joint, and the masticatory
muscles providing the input force, whereas the out-
put force is produced by the teeth on food. Then, the
moment arms of the lines of action of the masticato-
ry muscles can be estimated to analyze relationships
between bite force and velocity. This procedure was
applied to recent mammals (Maynard Smith and
Savage, 1959; Turnbull, 1970), and then to fossils with
a new geometric model proposed by Vizcaino et al.
(1998), which allows comparisons between fossil and
extant mammals (figure 4). De Iuliis et al. (2000) and
Vizcaino and De luliis (2003) used this methodology
with fossil giant armadillos, and Bargo (2001b) with
the ground sloth Megatherium americanum. Total
lengths of the mandibles were standardized at 11 cm
to allow comparison among specimens of different
sizes. Once the areas of origin and insertion of the
masticatory muscles are reconstructed, the moment
arms of the lines of action of the m. temporalis and m.
massetericus can be estimated, based on the calcula-
tion of the averages of a given number of moment
arms, generated from different points in the origin
and insertion areas of each muscle. Due to the dor-
soventrally expanded shape of the jugal in sloths, the
different points of the origin of the m. massetericus
were located in the upper, middle and lowest point
(figure 4), which correspond to the posterior, middle
and anterior points in armadillos. In this way, the
values of the moment arms can be obtained indepen-
dently of the localization of the line of action, which
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Figure 4. 1, Geometric model used for the estimation of moment
arms of the masticatory muscles in Glossotherium robustum.
Moment arms of the m. massetericus (Mm 1 to 5) from the middle
point of the origin area of the muscle on the zygomatic arch /
Modelo geométrico utilizado para estimar los brazos de momento de los
miisculos masticatorios en Glossotherium robustum; Brazos de mo-
mento del m. massetericus (Mm 1 a 5) a partir del punto medio del drea
de origen del m. massetericus sobre el arco cigomitico; 2, from the an-
terior most point of the origin area / a partir del punto mds anterior
del drea de origen; 3, and from the posterior most point of the origin
area / y a partir del punto mds posterior del drea de origen; 4, Moment
arms of the m. temporalis (Mt 1 to 3), and the bite (Mb 1 to 3, from
the posterior most, middle and anterior most tooth respectively) /
Brazos de momento del m. temporalis (Mt 1 a 3) y de la mordida (Mb
1 a 3 desde el diente mds posterior, medio y mds anterior, respectiva-
mente. w=mm Lines of action of the muscles / Lineas de accion de los
miisculos == == == Moment arms of the m. massetericus and m.
temporalis / Brazos de momento del m. massetericus y m. tempo-
ralis. = s mmm s m——Moment arms of the bite / Brazos de mo-
mento de la mordida).
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is difficult to determine in fossils. Interpretations on
the relationships between bite force and velocity may
be made by comparing the proportions of the com-
bined moment arms of the m. massetericus and m. tem-
poralis to those of different tooth positions (i.e., the
anteriormost, middle, and posteriormost teeth).

The analysis of teeth wear facets complements the
mechanical analysis since it can be used to infer the
direction of the mandibular movement during masti-
cation (Greaves, 1973; Rensberger, 1973; Costa and
Greaves, 1981). In extant mammals, the main jaw
movement during the power stroke is upward and
anteromedially directed (Hiiemae, 1978). Seconda-
rily, an increase of distinct components occurs in dif-
ferent groups (e.g. anterior in rodents, vertical in car-
nivores, and lateral in herbivores). During these mo-
vements, teeth wear facets are produced, indicating
the main direction of the jaw movement. Two types
of wear facets can be described: those produced by
tooth-tooth contact -which might have striations, in-
dicating the orientation but not the direction of the
movement- and those produced by tooth-food-tooth
contact, characterized by the absence of striations.
Also, the leading and trailing edges and leading and
trailing interfaces can be identified. The interfaces
enamel-dentine, continuous and discontinuous, indi-
cates more clearly the direction of the upper and low-
er molar to each other during the masticatory move-
ment.

Ferigolo (1985) analyzed the internal structure of
the xenarthrans teeth. Sloth's teeth lack enamel, and
are composed of three tissues: an external layer of ce-
mentum, a thin layer of hard dentine, and a modified
soft dentine, which has low resistance to abrasion,
forming the core. The cementum and soft dentine are
easily abraded, leaving the hard dentine, interposed
between these two tissues. Wear facets with the lead-
ing and trailing edges, and especially the continuous
and discontinuous interfaces, can be observed be-
tween both types of dentine. This methodology was
applied by Naples (1982, 1989) in living tree sloths
and Paramylodon harlani, respectively. In this study,
wear facets and striations were analyzed in numer-
ous lower teeth series of Glossotherium robustum, in
order to contrast with the observations in Paramylo-
don by Naples (1989) and then compared with the
other mylodontids and M. americanum.

Results
Cranial morphology
Extensive descriptions of the skulls of ground

sloths were given by Owen (1842, 1856, 1857), Lydek-
ker (1886, 1894), Ameghino (1889) and Kraglievich
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(1922, 1923, 1928 y 1934). McDonald (1987), De luliis
(1996) and Esteban (1996) included detailed anatom-
ical descriptions in their systematic revisions of the
Scelidotheriinae, Megatheriinae and Mylodontinae,
respectively. Naples (1989) studied the masticatory
apparatus of Paramylodon harlani, describing in detail
the skull and masticatory muscles in order to infer
feeding behavior and diet.

The skulls of ground sloths show a number of os-
teological features that vary among different groups
of tardigrades, but taken as a whole, distinguish
them clearly from the rest of mammals: edentulous
premaxillae, loosely fused to the maxillae (with the
exception of Scelidotherium and Megatherium, were is
generally strongly attached to the skull); elongated
maxillae; incomplete postorbital bar, open zygomat-
ic arch, with ascending and descending processes of
the jugal well developed; pterygoids expanded as
thin blades; mandible with a long predental space,
with the length variable within the different groups.
The dental morphology of sloths is also extremely
different from other placental mammals, making dif-
ficult to establish tooth homologies. The most charac-
teristic features are the lack of enamel, as well as the
lack of deciduous dentition and the cuspation pat-
tern observed in other mammals. Teeth are homod-
ont (so called molariforms or caniniforms), hyp-
sodont and ever growing (i.e., hypselodont), strongly
reduced in number (dental formula is 5/4, except in
Mylodon with 4/4 and the Pleistocene nothrotheres
with 4/3) and separated by diastema variable in
length.

This section presents comparative descriptions of
the four species of mylodontid considered in this
study, but only of those features of the cranium that
are relevant for analysis of the mechanics of the mas-
ticatory apparatus. For a description of the skull of
Megatherium americanum see Bargo (2001b).

Skull. The skull shape of Glossotherium robustum and
Lestodon armatus is prismatic-rectangular and anteri-
orly widened, with L. armatus the larger of the two
taxa (figures 2.1, 2). In both species the rostrum
(muzzle) is formed mostly by the maxillae, quadran-
gular in lateral view, which bear anterior flanges,
very convex and upwards and posteriorly directed,
for the insertion of the caniniforms. In L. armatus the
caniniforms are larger than in G. robustum, and ante-
riorly or mesially located from the first molariform,
resulting in a longer diastema (figures 5.1, 3). The
premaxillae of G. robustum and L. armatus are small,
arrow-head shaped, with the posterior medial
processes that attach loosely to the premaxillary
processes of the maxillae. This feature contributes to
the frequent loss of these bones in the specimens. The
skull of Mylodon darwini is large, like L. armatus, rec-
tangular shaped but much more elongated. The in-
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Figure 5. Glossotherium robustum skull (1) and mandible (2) in
occlusal view. Lestodon armatus skull (3) and mandible (4) in oc-
clusal view / Glossotherium robustum crdneo (1) y mandibula (2)
en vista oclusal. Lestodon armatus craneo (3) y mandibula (4) en vista
oclusal. Scale bar / escala: 10 cm.

crease in length is reflected in the anterior portion
(muzzle), due to an elongation of the premaxillae,
maxillae and nasals, as demonstrated by the mor-
phogeometric analysis (see below). M. darwini is
clearly distinguishable from the other mylodontids
because of the presence of a robust nasal arch in on-
togenetically older individuals: the premaxillae,
more robust than those of G. robustum and L. armatus,
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is firmly fused to the maxillae and extended dorsally
to reach the nasals, forming an unusual complete
arch, extensively described by Kraglievich (1934)
(figures 2.3 and 6.1). The region of the muzzle is more
elevated in comparison with the posterior part of the
skull, a feature clearly observed in lateral view.
Scelidotherium leptocephalum has a smaller skull, elon-
gated and very narrow in comparison with the above
mentioned mylodontinae (figures 2.4 and 6.3). The
rostrum is longer than the posterior part of the skull,
due to an elongation of the maxillae and specially the
premaxillae, a feature clearly observed in the shape
analysis performed. The premaxillae are also V-
shaped, but unlike the mylodontines, the lateral rami
are longer and deep. As in M. darwini, the premaxil-
lae are strongly fused to the maxillae, so they are pre-
served with the skull in almost all specimens. An as-
cending process is observed in some specimens in
the dorsal and medial part of the premaxillae, appar-
ently supporting the nasal cartilage (Bargo et al.,
2006). McDonald (1987) reported one specimen with
the nasal cartilage ossified, forming a structure anal-
ogous to that of M. darwini.

The zygomatic arch is very conspicuous in all
ground sloths, and very similar in form in all of the
mylodontids considered here (figure 2). Unfortuna-
tely, it is a frequently missing piece in fossils due to
the fragility of the joint between the zygomatic
process of the maxilla and the jugal. The jugal is ex-
panded posteriorly in a vertical plate, with three or
four processes. The ascending and descending
processes are well developed, and their orientations
vary slightly. The ascending process curves posteri-
orly, while the more expanded descending process is
ventral and posteriorly oriented, showing in some
species (e.g. S. leptocephalum) two or three small
processes. The intermediate process is usually short,
with a pointed apex directed slightly ventrally. The
zygomatic process of the squamosal is a digitiform
structure. The anterior and posterior parts of the arch
are very close in all mylodontids, but never fuse so
that the arch is incomplete, unlike Paramylodon or
Megatherium, in which a secondary connection is
formed.

The pterygoids do not differ markedly in the four
considered species. They are inflated in their posteri-
or part, and form expanded bones ventrally, like thin
blades, with the ventral border rounded. The exter-
nal surface is roughened, with many scars for the ori-
gin of the m. pterygoideus.

The palate is sub triangular in G. robustum and L.
armatus (with the anterior the widest part ), less tri-
angular in M. darwini, and parallel and very narrow
in S. leptocephalum (figures 5 and 6). In all species it is
flat in the transverse axis, but convex in the antero-
posterior axis. It is located almost at the plane of the
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teeth occlusal surface, covering the lingual side of the
teeth by a well marked flange, although the crowns
of the teeth are visible on the labial surface of the
maxillary border. The palate shows a marked rough-
ened surface with many foramina (vascular perfora-
tions), and a V-shape notch in the anterior edge for
the articulation of the premaxillae.
Craniomandibular joint (CMJ). The CMJ does not
vary in its general morphology in the taxa here ex-
amined. It is located at the level of the occlusal plane,
or just slightly over it. The glenoid fossa is poorly de-
fined, with a shallow depression on the squamosal
process which allows the mandibular condyle great
freedom of motion (figures 5.1, 3 and 6. 1, 3). The
mandibular condyle is also positioned at the level of
the occlusal plane. It is wider mediolaterally than an-
teroposterioly, projecting farther medially than later-
ally relative to the coronoid process, and bears a
short neck (figures 5.2, 4 and 6.4).

Mandible. The form of the mandibles of G. robustum
and L. armatus do not differ markedly. The horizon-
tal ramus is very deep at the level of the last molari-
form, decreasing gradually toward the caniniform,
and increasing slightly again until the anterior bor-
der of the symphysis, which is situated at the oc-
clusal surface level. The ventral border of the hori-
zontal ramus is straight. The symphysis is strongly
fused, as in all sloths, and elongated (the predental
space is about half length of the dental series). It is el-
evated from the horizontal, in an angle of about 45°,
but not surpassing the teeth occlusal plane. In oc-
clusal view, the symphysis is very wide (particularly
in L. armatus) with the anterior border slightly con-
vex or some times straight (figure 5). The mandibles
of M. darwini and S. leptocephalum are more elongat-
ed and slender than those of G. robustum and L. ar-
matus. The elongation is produced in the predental
space, as demonstrated by the shape analysis (see be-
low), confirming a narrow and elongated predental
spout (longer than the dental series) (figure 6), ele-
vated over the teeth occlusal plane. The horizontal
rami are also deep at the level of the last molariform,
decreasing gradually to the anterior part.

The ascending rami are quite similar in the most
relevant features of the four species. The angular area
is prominent, expanded ventrally, surpassing slight-
ly the ventral border of the horizontal ramus. The lat-
eral surface is convex, showing well marked crests
for the insertion of the m. massetericus, while the me-
dial surface is concave. The angular process lies be-
low the level of the occlusal plane. The coronoid
process has a wide base, and it is not very high. It ris-
es very inclined above the condyle, and then curves
posteriorly.

Dentition. The dental formula is 5/4, except in Mylo-
don darwini, which has 4/4, due to the lost of the first
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Figure 6. Mylodon darwini skull (1) and mandible (BM(NH) M-
16617 Holotype) (2) in occlusal view. Scelidotherium lepto-
cephalum skull (3) and mandible (4) in occlusal view / Mylodon
darwini crineo (1) y mandibula (BM(NH) M-16617 Holotipo) (2) en
vista oclusal. Scelidotherium leptocephalum crineo (3) y mandibula
(4) en vista oclusal. Scale bar / escala: 10 cm.

upper molariform. Glossotherium robustum and
Lestodon armatus posses a canine-like first tooth,
termed the caniniform. The upper and lower dental
series converge backwards in G. robustum, L. armatus
and, in less degree, in M. darwini, while in S. lepto-
cephalum they are parallel.

As mentioned above, sloth's teeth are composed
of three types of tissues: cementum, and hard and
soft dentine. In mylodontids, the outer layer of ce-
mentum is thin, and the occlusal surfaces of the mo-
lariforms are concave, due to the central soft dentine
basin. The outer hard dentine forms sharp cutting
edges (figure 7.1). In contrast, Megatherium ameri-
canum has an extremely thick layer of cementum
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2

Figure 7. Glossotherium robustumn (1) upper left tooth series.
Megatherium americanum (2) lower right tooth series /
Glossotherium robustum (1) serie dentaria superior izquierda.
Megatherium americanum (2) serie dentaria inferior derecha. Scale
bar / escala: 5 cm.

which, together with the soft dentine, is easily abrad-
ed, leaving the hard dentine interposed between
these two tissues, forming sharp, transverse crests
separated by a deep valley (V-shaped) (figure 7.2).

Shape analysis

RFTRA analysis consists of comparisons of skulls,
in lateral and palatal views, and mandibles in lateral
views of pair of specimens, i.e. L. armatus, M. darwini
and S. leptocephalum compared with G. robustum as
the base specimen. Table 1 shows the distance coeffi-
cients for each pair of comparisons.

Glossotherium robustum - Lestodon armatus (figure
8). The overall shape of the skulls of G. robustum y L.

Table 1. Morphological distances obtained through shape analysis
using RFTRA (Distance coefficients = D) / distancias morfoldgicas
obtenidas a través del andlisis de la forma usando RFTRA (coeficientes de
distancia = D).

DISTANCE COEFFICIENTS = D

Skull Skull | Mandible
PAIR OF SPECIMENS (lateral (palatal | (lateral

view) view) view)
G. robustum / L. armatus 0.191 0.098 0.158
G. robustum / M. darwini 0.214 0.289 0.137
G. robustum / S. leptocephalum 0316 0.363 0.195
G. robustum / M. americanum 0.374 0.319 0.362
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armatus has the lowest morphological distance among
the ground sloths included in this analysis, which in-
dicates the highest similarity. The most relevant chan-
ge is observed in the muzzle region. Lestodon armatus
has the maxilla more lengthened in its mesial and
ventral part, which becomes evident for the anterior
displacement of the premaxillomaxillar suture. The
caniniform is also anteriorly displaced, while the first
molariform moves posteriorly, with the subsequent
formation of a large diastema. The mandibles are also
very similar. As in the skull, the most remarkable
change is the anterior displacement of the caniniform
and the longer diastema in L. armatus.

Glossotherium robustum - Mylodon darwini (figure
9). The morphological distance between G. robustum
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- M. darwini is greater than that observed between G.
robustum - L. armatus. The most remarkable change is
observed in the anterior part of the skulls. Mylodon
darwini has the muzzle much more elongated, which
is clear in lateral and palatal view. This is due to an
enlargement of the premaxillae, maxillae and nasals.
Mylodon darwini has the palate more convex at the
level of M1, and the molariform series is posteriorly
displaced. A generalized narrowness of the skull of
M. darwini is observed in palatal view, and the tooth
series are displaced to the middle line, becoming al-
most parallel. The shapes of the mandibles are simi-
lar even though in M. darwini is more slender and
elongated in its anterior part than in G. robustum.

Glossotherium robustum - Scelidotherium leptoce-
phalum (figure 10). The skulls of these species show
remarkable differences reflected in the morphologi-

Figure 8. Results of RFTRA analysis on Glossotherium robustum -
Lestodon armatus. Skulls (1) and mandibles (2) in lateral view,
and skulls in palatal view (3) / Resultados del andlisis mediante RF-
TRA en Glossotherium robustum -Lestodon armatus. Crineos (1)
y mandibulas (2) en vista lateral, y crineos en vista palatal (3).

Figure 9. Results of RETRA analysis on Glossotherium robustum -
Mylodon darwini. Skulls (1) and mandibles (2) in lateral view, and
skulls in palatal view (3) / resultados del andlisis mediante RFTRA en
Glossotherium robustum -Mylodon darwini. Crdneos (1) y
mandibulas (2) en vista lateral, y crdneos en vista palatal (3).
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cal distance, which is even greater than those of the
previous comparisons. The overall shape of the skull
of S. leptocephalum is more slender than G. robustum.
It is particularly more shallow, elongated and nar-
row, which is evident in lateral and palatal view. The
enlargement of the skull is restricted to the muzzle
region; the premaxillae and the nasals are notably
lengthened. The tooth series are almost parallel and
the molariforms are displaced posteriorly, which
shortens the tooth series and lengthens the muzzle.
The distance coefficients of the mandibles are lower
than those of the skulls. The most notable changes in
S. leptocephalum are the predental space more length-
ened and narrow, the anterior part of the symphysis
lower, the posterior displacement of the teeth and the
condyle more elevated.

Glossotherium robustum-Megatherium americanum.
These specimens show the highest distance coeffi-
cients (skull and mandible in lateral view) in relation
with comparisons among mylodontids. Bargo
(2001b: figure 7) described the most important chan-
ges: the snout of M. americanum is extended anterior-
ly and slightly depressed dorsoventrally; the basicra-
nium is elevated well above the alveolar plane, and
the braincase is shorter. The zygomatic process of the
squamosal and the ascending process of the jugal lie
further dorsally, while the tip of the descending
process of the jugal lies at nearly the same level as in
G. robustum. The molariform series is displaced pos-
teriorly, leaving a long predental space. The angular,
condylar and coronoid processes of the mandible are
markedly displaced dorsally in M. americanum re-
spect to G. robustum. The horizontal ramus, except at
the well-developed ventral bulge, is shallower. The
predental space is longer, due to the more distal
tooth row.

Masticatory musculature

The origin and insertion areas of the masticatory
musculature in G. robustum, L. armatus, M. darwini
and S. leptocephalum do not differ markedly. They fol-
low the same pattern, showing minor variations in
the shape or roughness of the attachment areas.

M. temporalis. This muscle is usually divided into
superficial and deep portions in most living mam-
mals (Turnbull, 1970), including tree sloths. Naples
(1989) indicated that the m. temporalis was probably
undivided in Paramylodon harlani. In the mylodon-
tid ground sloths analyzed here, features in the
skull that might indicate divisions of the muscle are
ambiguous, thus the m. temporalis is recognized as a
unit. It aroses from the temporal fossa, which is
elongated, well defined, with a scarred surface, and
covered most of the dorsal and lateral parts of the
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Figure 10. Results of RFTRA analysis on Glossotherium robustum-
Scelidotherium leptcephalum. Skulls (1) and mandibles (2) in lat-
eral view, and skulls in palatal view (3) / Resultados del andlisis me-
diante RFTRA en Glossotherium robustum-Scelidotherium lepto-
cephalum. Crdneos (1) y mandibulas (2) en vista lateral, y crineos en
vista palatal (3).

frontal and parietal bones. Mylodontids lack a
sagittal crest, but the dorsal origin of the muscle is
marked by the temporal line, which extends anteri-
orly to the prominent postorbital processes, and
posteriorly nearly to the margins of the nuchal
crests. The m. temporalis inserted, probably tendi-
nously as in other mammals (Turnbull, 1970), on
the roughened lateral, anterior, and medial sur-
faces of the coronoid process.

M. massetericus. The masseteric musculature is com-
plex in almost all mammals. It is usually subdivided
into superficial and deep components and the m. zy-
gomaticomandibularis. Although the m. massetericus su-
petficialis and m. massetericus profundus may be recog-
nized, the subdivisions of the m. m. superficialis can-
not be reliably reconstructed in mylodontids. The m.
m. supetficialis arose laterally from the zygomatic
arch, as is indicated by the scarred central and lower
part of the descending process of the jugal, and in-
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serted mainly on the lateral surface of the angular
process. The m. m. profundus presumably arose on a
smooth depression of the antero-medial surface of
the descending process of the jugal, and inserted on
the base of the coronoid process, anterodorsally to
the m. m. superficialis. The m. zygomaticomandibularis
was probably large in mylodontids. This is reflected
by the well developed and elongated ascending
process of the jugal. This muscle arose from the
scarred anteromedial surface of this process, and in-
serted on the smooth depression of the masseteric
fossa at the base of the coronoid process, and above
the m. m. profundus.

M. pterygoideus. The pterygoid musculature in
sloths is large relative to that of other mammals (Ed-
geworth, 1935; Naples, 1985, 1989; Turnbull, 1970),
and is subdivided in the m. pterygoideus lateralis and
medialis, as typically occurs in other mammals. The
m. pterygoideus medialis arose from a depression in the
lateroventral surface of the elongated pterygoid
flange, and inserted on the concave and prominently
scarred medial surface of the large angular process.
The m. pterygoideus lateralis originated on the lateral
surface of the pterygoid, probably above the m. ptery-
goideus medialis and inserted in a roughened depres-
sion on the anteromedial edge of the mandibular
condyle.

Jaw mechanics

Bite force and velocity: estimation of moment arms.
The estimation of the moment arm of the masticato-
ry muscle's line of action allows the comparison of
the relative forces of the muscles and bite, and, more
significant, the analysis of the relation between bite
force and velocity, comparing the proportions of the
combined moment arms of the m. massetericus and m.
temporalis with those of the bite.

The moment arms of the m. massetericus (Mm), m.
temporalis (Mt), and bite (Mb) of Glossotherium robus-
tum, Lestodon armatus, Mylodon darwini, and Scelido-
therium leptocephalum were estimated, and com-
pared with those obtained previously by Bargo
(2001b) for Megatherium americanum (table 2a, b and
). The values of the moment arms show little vari-
ation among the different species. However, the fig-
ures of the ratio of muscle moment/bite moment
(r.Mb), which provide a measure of the relative bite
force generated at different points along the tooth
row and the bite velocity, are remarkable.
Megatherium americanum has the highest values all
along the tooth row, while mylodontids have simi-
lar values between them (table 2c). High ratios indi-
cate strong, rather than fast mandibular move-
ments. Hence, the masticatory apparatus of M.
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americanum is designed to generate larger bite forces
than those of mylodontids. The means for the pos-
terior teeth (X1) and for the whole series (X2) pro-
vide a comparative measure of the bite force gener-
ated at the posterior part of the mandible and its to-
tal bite force, respectively. Accordingly, mean val-
ues indicate that M. americanum has the strongest
bite all along the molariform series (X2 = 1.26), and
especially at the posterior ones (X1= 1.43), while
mylodontids have a less powerful bite with little
variation among them.

Mandibular movements inferred from tooth wear
facets and striations. The analyses of tooth wear
facets and particularly the leading and trailing inter-
faces between hard and soft dentines in Glossotherium
robustum suggest that the main mandibular move-
ment was produced in anteromedial direction.
Although striations are not abundant, some have
been observed in the hard dentine, and they support
this direction. This pattern coincides with that de-
scribed by Naples (1989) for the North American
ground sloth Paramylodon harlani. The wear facets ob-
served in Lestodon armatus and Mylodon darwini are
not as evident as those of G. robustum, but the few
striations observed would indicate that the main
mandibular movement was in anteromedial direc-
tion, as in generalized recent mammals (Hiiemae,
1978). The teeth of S. leptocephalum do not show
tooth-tooth contact wear facets in the hard dentine,
nor does it show striations. Nevertheless, leading
and trailing interfaces were observed in some teeth,
having the same orientation as in G. robustum, which
would probably indicate the same direction during
the main mandibular movement.

The occlusal surfaces of the teeth of M. america-
num are completely different from those of mylodon-
tids (figure 7). The molariforms are bilophodont, that
is, they bear two prominent, sharp, and transversely
oriented lophs separated by a deep V-shaped valley.
This feature produced an interlocking occlusion: in
the upper teeth, mesial lophs occlude between two
successive lower teeth, while the distal lophs occlude
in the deep valleys enclosed by the anterior and pos-
terior lophs of the lower teeth. This type of occlusion
avoids the wear pattern described by Greaves (1973),
but generates tooth-tooth contact facets, predomi-
nantly vertical and bearing clear striations, and
tooth-food-tooth contact facets (compression).

Discussion

Biomechanical and morphogeometrical evidence

It is generally accepted that a high mandibular
condyle improves the mechanical advantage of the
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Table 2.a, Moment arms of m. massetericus, calculated from the uppermost, middle and lowermost point of the origin area of the mus-
cle. Mm1 - Mmb5: momemt arms of m. massetericus generated from five lines of action. X: mean. Values are in mm /a, Brazos de momen-
to del m. massetericus, calculados a partir de los puntos mds superior, medio y mds inferior del drea de origen del miisculo. Mm1 - Mmb: brazos de
momento del m. massetericus generados a partir de cinco lineas de accion. X: promedio. Los valores son en mm.

Taxa Angle Sub-angle Mml Mm2 Mm3 Mm4 Mmb a C
Mm (uppermost)
G. robustum 92 23 10 16 21 22 20 89 17.8
L. armatus 82 20.5 8 15 20 23 23 89 17.8
M. darwini 73 18.3 10 15 19 22 21 87 17.4
S. leptocephalum 80 20 16 22 25 26 22 111 222
M. americanum 81 20.3 11 16 19 20 18 84 16.8
Mm (middle)
G. robustum 106 26.5 17 30 35 33 25 140 28
L. armatus 90 225 16 27 35 37 33 148 29.6
M. darwini 90 225 19 27 30 29 24 129 25.8
S. leptocephalum 104 26 23 31 33 28 18 133 26.6
M. americanum 106 26.5 21 33 39 35 26 154 30.8
Mm (lowermost)
G. robustum 103 25.75 21 38 48 49 41 197 394
L. armatus 93 23.2 21 37 48 50 45 201 40.2
M. darwini 100 25 25 37 42 39 30 173 34.6
S. leptocephalum 110 27.5 26 40 46 41 29 182 36.4
M. americanum 125 31.25 23 43 52 45 25 188 37.6

m. massetericus by increasing the moment arm of the
lines of action, as occurs in living ungulates
(Maynard Smith and Savage, 1959; Turnbull, 1970;
Greaves, 1980). Moreover, a high glenoid cavity dis-
tributes the bite force uniformly along the tooth se-
ries, which results advantageous in those herbivores
that process great amounts of food (Greaves, 1980;
Spencer, 1995).

In G. robustum, L. armatus, M. darwini and S. lepto-
cephalum, the cranio-mandibular joint (CM]) lies at
the level of the tooth series, or little above it. So, a low
moment arm of the m. massetericus (Mm) should be
expected. However, the Mm is high, similar to the gi-
ant armadillos (pampatheres) (Vizcaino et al., 1998;
De luliis ef al., 2000) which have the condyle elevated
well above the tooth row and share many features
with some living ungulates, in which the main mas-
ticatory effort is generated by the m. massetericus. The
latter is also true for the ground sloths, where the m.
massetericus is more developed than the m. temporalis.
Therefore, it becomes evident that there is another
morphological arrangement in ground sloths that al-
lows keeping the Mm elevated. The mechanical ad-
vantage would have been given by the great devel-
opment of the zygomatic arch, particularly the de-
scending process of the jugal, which elongates signif-
icantly the lever of the m. massetericus.

On the contrary, M. americanum has the mandibu-
lar condyle well elevated above the tooth series, but
the Mm is low and similar to mylodontids. As noted
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by De luliis (1996), the angular process in M. ameri-
canum has a more dorsal position, accompanying the
condyle, averting in this way a dramatic rearrange-
ment of the muscular attachment sites and force vec-
tors. Bargo (2001b: figure 7) corroborated through
shape analysis that both the condyle and the angular
process are elevated nearly to the same degree, com-
pared with the mandible of G. robustum, and the
same is true for the masseteric fossa. Consequently,
the estimated Mm is the same in both forms.

The moment arm of the m. temporalis (Mt) of my-
lodontids is, as expected, lower than Mm, and simi-
lar among the different species, and the same is true
for M. americanum (Bargo, 2001a).

The combined moment arm -i.e. ratio of muscle
moment (Mm +Mt) to bite moment (Mb)- provides a
relative measure of the effective bite force generated
by the musculature. In this way, large ratios indicate
forceful biting rather than rapid jaw movements.
Hence, the masticatory apparatuses of G. robustum, L.
armatus, M. darwini and S. leptocephalum, which have
lower ratios than M. americanum (see Table 2c), are
designed to generate lesser bite forces all along the
tooth row compared to the megatheriid. Moreover,
the tooth rows are displaced distally in M. ameri-
canum compared with mylodontids, as demonstrated
by RFTRA analysis (Bargo 2001b), which result in
shorter moment arms for bite positions, throughout
the tooth row, which in turn increase the bite force.
Lestodon armatus shows the lowest value among my-
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Table 2.b, Moment arms of m. temporalis, calculated from the
posteriormost (Mt1), middle (Mt2) and anteriormost (Mt3) points
of the origin area of the muscle. X: mean, Values are in mm / bra-
z0s de momento del m. temporalis, calculados desde los puntos mas pos-
terior (Mt1), medio (Mt2) y mds anterior (Mt3) del drea de origen del
muisculo. X: promedio. Los valores son en mm.

Mtl Mt2 Mt3 X
G. robustum 9 21 33 21
L. armatus 6 16 33 18.3
M. darwini 3 11 29 15
S. leptocephalum 4 13 31 16
M. americanum 5 16 35 18.6

lodontids in the first tooth (caniniform), given that it
is markedly displaced anteriorly, suggesting less
force but high velocity.

Both, megatheriids and mylodontids, have a wide
articular condyle (more extended laterally than an-
teroposteriorly) and slightly convex, and the glenoid
fossa shallowly concave. This arrangement would
have permitted considerable freedom of motion of
the mandible, both mediolateral and anteroposterior.
There is more evidence that complements the latter,
but allows two different interpretations for both
groups. The analysis of wear facets, the continuous
and discontinuous interfaces, and striations in my-
lodontids indicate that the main masticatory move-
ment was in anteromedial direction. Moreover, the
anterior and posterior parts of the zygomatic arch are
not fused, nor in contact, which lesses its ability to
withstand the great forces generated by the antago-
nistic actions of m. massetericus and m. pterigoideus
during lateral movements. This feature would indi-
cate that, even though existing, the lateral move-
ments were not very strong and continuous during
mastication. In the case of megatheriids, the particu-
lar tooth morphology (i.e. interlocking occlusion,
bilophodonty) would be maintained by performing
essentially orthal movements, and this is confirmed
by the analysis of wear facets. Similarly, the zygo-
matic arch is large and robust, and the anterior and
posterior parts may be in contact (even fused in aged
individuals, De luliis, 1996), unlike the mylodonts in
this study which have an incomplete arch. The stout-
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ly built zygomatic arch, particularly the great devel-
opment of descending process, leaves a narrow space
between it, the horizontal ramus and, in part, the as-
cending ramus, suggesting a physical restriction to
lateral movements (Bargo, 2001b).

Hiiemae and Crompton (1985) summarized the
mechanical principles of tooth design in relation to
the nature of the food. They recognized three basic
patterns: A) a mortar and pestle system suitable to
crush hard and brittle (e.g., nuts) or turgid (e.., fruit
pulp) food; B) blades to cut soft but tough food (e.g.,
muscle and skin); and C) a serial array of low pro-
file blades acting as a milling machine for tough and
fibrous food (e.g., grass). The first two patterns coin-
cide respectively with "routes" 1 and 2, and the third
with "routes" 3 and 4 of Janis and Fortelius (1988:
224-225). The teeth of ground sloths do not fit strict-
ly within any of these patterns, but can be assigned
to an intermediate situation. In mylodontids, the
teeth are oval or semi-oval and show different de-
grees of lobation. The hard and soft dentine layers
results in differential wear, generating a concave oc-
clusal surface, comparable to pattern A of Hiiemae
and Crompton (1985). The outer hard dentine forms
sharp cusps that, during the masticatory movement
would act as cutting edges. The combination of this
morphology with the evidence that the direction of
the mandibular movement is mostly anteromedial,
indicates that mylodontid teeth would represent an
intermediate situation between Hiiemae and
Crompton's patterns A and C, i.e. for crushing and
grinding. According to Janis and Fortelius (1988),
moderately tough and abrasive food such as leaves
require reciprocal blades for comminution of food
items, a function which is accomplished by orthal
chewing with bilophodont teeth ("route" 2). The
dentition of Megatherium americanum represents a
battery of high lophs, with sharp, cutting edges, si-
milar to the dentition of tapirs and kangaroos. This
morphology would represent an intermediate con-
dition between Hiiemae and Crompton's patterns A
and B, i.e. mainly for cutting, and crushing. This
morphology does not rule out processing food with
similar physical properties (soft but tough, fleshy)
of animal source, like muscle or skin (Bargo, 2001b).

Table 2.c, Summary of mean values of moment arms and ratios muscle/bite / resumen de los valores promedio obtenidos de los brazos de mo-

mento y las razones miisculo/mordida.

Mm Mt Mbl1 Mb2 Mb3 r.Mbl r.Mb2 r.Mb3 X1 X2
G. robustum 28 21 46 62 73 1.07 0.83 0.68 0.95 0.86
L. armatus 29 18 42 61 86 1.13 0.78 0.55 0.95 0.82
M. darwini 26 15 41 53 65 1 0.77 0.63 0.88 0.8
S. leptocephalum 28 16 41 51 61 1.08 0.87 0.73 0.97 0.89
M. americanum 28 18 28 40 51 1.68 1.18 0.92 1.43 1.26
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The morphogeometrical analysis demonstrated
that the most important localized changes occur in
the mandibles and the muzzles (the palatal region),
while the shape of the neurocranium was more con-
servative, probably due to strong phylogenetic con-
straints. The palatal region and mandibles can be bet-
ter interpreted in a functional context and, conse-
quently, would be more influenced by dietary adap-
tations as it was proposed for armadillos (Vizcaino
and Bargo, 1998).

Ecomorphological evidence

Mendoza et al., (2002) demonstrated that, at least
in ungulates, the adaptation to a given trophic niche
involves complex patterns of covariation among
many morphological characters of the skull and
mandible. The lack of living analogs for ground
sloths precludes performing extensive ecomorpho-
logical analyses to establish unequivocal correlations
between feeding behavior and morphological vari-
ables. However, some craniodental variables were
applied and demonstrated to be useful in explaining
differences in feeding behavior, as will be discussed
below.

As became evident from the previous section, the
two groups analyzed -Mylodontidae and Megathe-
riidae- are morphofunctionally distinct from each
other in their masticatory apparatuses, but taxa with-
in each group are markedly similar to each other.
Recent ecomorphological analyses of these ground
sloths include three craniodental variables: hyp-
sodonty index, relative width and shape of the muz-
zle, and dental occlusal surface area (OSA). Hypso-
donty index was standardized as depth of the
mandible, measured at the level of the third molari-
form tooth, divided by length of the molariform
tooth row. The index of relative muzzle width was
calculated as the ratio between the palatal width,
measured as a mean of the anterior and posterior
width of the palate, and the maximum muzzle width
(MMW). Because the premaxillae are reduced in
sloths, the MMW is generally on the maxilla. Finally,
the OSA was estimated digitizing the outlines of the
teeth in occlusal view, in order to collect the surface
contour of each tooth; the area enclosed by these
points was calculated by a numerical integer approx-
imation. (see Bargo, De luliis and Vizcaino, 2006;
Bargo, Toledo and Vizcaino, 2006; Vizcaino, Bargo
and Cassini, 2006 for further explanations). The re-
sults of these studies offer relevant information that,
coupled with the morphological and biomechanical
evidence presented in this contribution, allows a pa-
leobiological interpretation on the dietary habits of
the ground sloths.
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The masticatory apparatus of mylodontids was
not particularly suited for producing strong bite
forces during mastication, and the main masticatory
movement was anteromedial. This, in turn, suggests
that mylodonts were not well suited for extensive
oral food processing, and the main action was crush-
ing and, in less degree, grinding. In contrast, the
feeding apparatus of Megatherium americanum was
well designed for generating very strong, predomi-
nantly orthal movements that were used mainly for
cutting rather than crushing and grinding.

The analysis of dental occlusal surface area (OSA)
in xenarthrans by Vizcaino, Bargo and Cassini (2006)
supports these proposals. These authors found that
mylodontids have extremely low OSA values in com-
parison with living herbivorous mammals of equiva-
lent body size, which also suggests that mylodonts
had poor food oral processing. This fact was proba-
bly compensated with by high fermentation in the di-
gestive tract, or lower metabolic requirements, or a
combination of both. Surprisingly, the OSA value of
M. americanum is the one expected, or even higher,
for a mammal of its size, and much larger than those
of mylodontids. It is clear then that M. americanum
was better suited for oral food processing in the oral
cavity, and most likely had a lower fermentation ca-
pacity and/or higher metabolic requirements.

Bargo, Toledo and Vizcaino (2006) analyzed the
relationship between dietary habits and shape and
width of the muzzle of the five species of ground
sloths considered here, and examined models of food
intake by reconstructing musculature and cartilages
of the muzzle. According to these authors, ground
sloths can be divided in two groups with different
feeding behaviours: wide-muzzled sloths (Glossothe-
rium robustum and Lestodon armatus) that were most-
ly bulk-feeders (i.e. ingest great amounts of food with
each bite; probably roughage and grass eaters), and
narrow-muzzled sloths (Mylodon darwini, Scelido-
therium leptocephalum and Megatherium americanum)
that were mixed or selective feeders (i.e. select plants
or plant parts; grass and/or tree and shrubs foliage
eaters). The muscle reconstruction indicates that the
upper lip, formed by the m. incisivus superior, was
probably square-shaped and not prehensile in wide-
muzzled sloths, as in the white rhinoceros, C. simum.
This fact, coupled with the absence of incisors, indi-
cates that G. robustum and L. armatus simply used the
upper lip coupled with the tongue to pull out grass
and herbaceous plants. Similarly, narrow-muzzled
sloths (M. darwini, S. leptocephalum and M. ameri-
canum) had a thick, cone-shaped and prehensile up-
per lip, useful for food intake as in the black rhinoc-
eros, Diceros bicornis Linnaeus, 1758, used to select
particular plants or plant parts (e.g. leaves and
twigs). It is worth noting that, following Mendoza
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and Palmqvist (2008), the white rhino is a typical
grazer but its muzzle is relatively narrower than in
many mixed feeders. One plausible hypothesis is
that in some cases it is the lip morphology what de-
termines functional muzzle width, supporting the
need to consider muscular anatomy to complete
these discussions (see Bargo, Toledo and Vizcaino,
2006 and references therein).

Finally, the comparative study of hypsodonty in
Pleistocene ground sloths by Bargo, De luliis and
Vizcaino (2006) suggests that differences in crown
height may be explained by a combination of vari-
ables (rather than any single), including dietary
preferences (nature of food items), habitat (close or
open, temperate or tropical) and behavior (feeding
at ground level or higher, digging, etc.). Recently,
Mendoza and Palmqvist (2008) demonstrated that
high-crowned teeth represent an adaptation of un-
gulates against tooth wear resulting from the air-
borne grit and dust accumulated on the herbaceous
plants of open environments. But the absence of
enamel, which would make the teeth less durable
and subject to faster wear, must be considered as re-
sponsible for much of the hypsodonty observed in
sloths, as well as in all xenarthrans, obscuring the in-
terpretation of the individual contribution of each
these variables (see Bargo, De Iuliis and Vizcaino,
2006 for a discussion on this matter). Within my-
lodontids, S. leptocephalum has the highest hyp-
sodonty index (HI), followed by M. darwini, while L.
armatus and G. robustum have the lowest indices. On
the other hand, M. americanum has the highest HI,
even when compared with other megatheriines (i.e.
Eremotherium Spillman, 1948 from northern South
America and North America, and other Megatherium
species from north central and north western South
America). We cannot determine the degree to which
higher hypsodonty values in megatheriids and my-
lodontids correspond to feeding on abrasive grasses
rather than browsing on foliage, as has been done
for living ungulates (Janis, 1988; Solounias and
Dawson-Saunders, 1988), simply because we cannot
know the proportion of grass in their diet. However,
one obvious factor in explaining differences in hyp-
sodonty in ground sloths is the increased presence of
grit caused by environmental differences resulting
from geographic distribution, or environmental
change over time, or particular habits. For example,
the differences in hypsodonty between the megath-
eriines E. laurillardi (Lund, 1842) and M. americanum
might be explained as adaptations to different envi-
ronments, as reflected by their geographical distrib-
utions (see De luliis ef al., 2000; Bargo, De Iuliis and
Vizcaino, 2006). Differences in environment over
time, such as from closed to open, were apparently
important in North American Paramylodon (McDo-
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nald, 1995). Digging behavior in S. leptocephalum and
G. robustum, including but not limited to searching
for food, was demonstrated by morphologic and
biomechanical analyses of the limbs (Bargo et al.
2000; Vizcaino et al., 2001). Also, the narrow-muz-
zled sloths S. leptocephalum and M. darwini would
have used their stoutly built muzzles to root up for
searching for food. These particular habits must
have played a considerable role in shaping the den-
tal characteristics of these sloths. In each of those
cases, the important agent was the relative abun-
dance of abrasive soil particles.

Several discoveries of mummified remains and
dung of different ground sloths taxa, from South and
North America, have provided additional evidence
for the inference of their diets (McDonald and De
Iuliis, 2008). For instance, the dominant vegetation
identified from dung of Mylodon darwini, found in a
cave at Ultima Esperanza, in Southernmost
Patagonia, was grasses and sedges (Moore, 1978);
which in some way supports the morphological in-
formation given here (low OSA values = low meta-
bolic requirements or low quality food; narrow-muz-
zled = selective and mixed feeder) for that taxon. The
novel application of stable isotopes analyses in xe-
narthrans (e.g. Coltrain ef al,, 2004; Kalthoff and
Tiitken, 2007), or DNA analysis, will provide a better
understanding of the sloth's diet.

Conclusions

The results provided by this morphological and
biomechanical study, coupled with the ecomorpho-
logical data, allow inferring different dietary habits
for the most common species of Pleistocene ground
sloths. Next, it is possible to infer a probable niche
differentiation among these species, given that they
inhabited within the same habitat.

Within mylodontids, Glossotherium robustum and
Lestodon armatus, the wide-muzzled sloths, were
most likely bulk-feeders. Their lips coupled with
the tongue were used to pull out grass and herba-
ceous plants, which probably was the main dietary
item. Mylodon darwini and Scelidotherium leptocepha-
lum, the narrow-muzzled sloths, were mixed or se-
lective-feeders with a prehensile lip that was used
to select particular plants or plant parts. These
species could have also used their muzzles (as hogs)
to root up food items, such as roots and tubers. My-
lodontids have also clear adaptations to digging in
their forelimbs, using their claws to help searching
for food. The tooth design of mylodontids, in rela-
tion to the nature of food, indicates that teeth were
mainly for crushing and grinding turgid and fi-
brous items respectively.
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Megatherium americanum was probably the most
selective feeder, with a prehensile lip very thick and
strong, and more developed than in the narrow-muz-
zled mylodontids. This condition probably enabled
M. americanum to selectively feed on particular plants
(shrubs) or plant parts (leaves, twigs, fruits). The
dentition was designed mostly for cutting soft but
tough items which might include flesh, leaving open
the possibility of an omnivorous diet

The use of alternative methods (biomechanics,
morphogeometry and ecomorphology) to comple-
ment the basic morphologic analysis of the mastica-
tory apparatus of forms that have no clear analogs,
demonstrates to be very insightful for the inferences
of dietary habits. However, as mentioned above, is
clear that more evidence (e.g., coprological, biogeo-
chemical, palynological) is required in order to re-
construct a more accurate understanding of the feed-
ing behavior of these giant ground sloths.
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Appendices

Appendix 1. Acronyms and list of material / acrénimos y lista de
material.

Acronyms

BM(NH): Natural History Museum, Londres, Inglaterra.

CN: Zoological Museum, Copenhagen, Denmark.

MACN: Museo Argentino de Ciencias Naturales "Bernardino
Rivadavia", Buenos Aires, Argentina.

MLP: Museo de La Plata, La Plata, Argentina.

MMCIPAS: Museo Municipal y Centro de Investigaciones
Paleontolégicas de Salto, provincia de Buenos Aires,
Argentina.

MMP: Museo Municipal de Ciencias Naturales "L. Scaglia", Mar
del Plata, Argentina.

MNHN: Museo Nacional de Historia Natural de Montevideo,
Uruguay.
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MNHN-BOL: Museo Nacional de Historia Natural, La Paz,
Bolivia.

MNHNP: Muséum National d'Histoire Naturelle, Paris, France.

MRSC: Museo Paleontolégico Real de San Carlos "Armando
Calcaterra", Colonia, Uruguay.

List of materials
MYLODONTIDAE
Glossotherium robustum

MACN 1114. Complete skull with dentition. "Upper Pampean",
unknown locality.

MACN 11074. Complete skull and right dentary. Lujanian,
Arrecifes river, Buenos Aires Province, Argentina.

MACN 11769. Skull missing zygomatic arches and dentition.
Pleistocene, Sauce Chico stream, Tornquist, Buenos Aires
Province, Argentina.

MACN 12715. Skull missing dentition. "Upper pampean", Gorchs,
F.C.S., Salado river, Buenos Aires Province, Argentina.

MLP 3-136. Complete skull, with jugals and premaxillae recon-
structed. Figured by Lydekker (1894), P1. XLVIII, figs. 1y lay
Pl XLIX, fig. 2. "Upper Pampean", unknown locality.

MLP 3-137. Skull, mandible (missing m2), and part of the skele-
ton. "Pampean", Olivera, Buenos Aires Province, Argentina.

MLP 3-138. Skull, mandible, and part of the skeleton missing left
foot and lumbar vertebrae. Figured by Lydekker (1894), P1. L1.
"Upper pampean", San Antonio de Areco, Buenos Aires
Province, Argentina.

MLP 3-139. Skull, right dentary and incomplete skeleton of a ju-
venile specimen. "Upper pampean", Olivera, Buenos Aires
Province, Argentina.

MLP 3-140. Skull, mandible, and part of the skeleton. Figured by Ly-
dekker (1894), P1. XLIX, fig.1, PLL y Pl LII, fig. 1. "Upper pam-
pean", Rio Lujan, Olivera, Buenos Aires Province, Argentina.

MMCIPAS 1042/1043. Skull missing premaxillae and mandible.
Pleistocene, Salto, Buenos Aires Province, Argentina.

MMP 1489-M. Skull missing jugals, caniniforms and right M1.
Statigraphic provenance and locality unknown.

MMP 1490-M. Skull missing jugals and caniniforms; molariforms
not well preserved. Statigraphy and locality unknown.

MNHN 1390. Skull missing premaxillae, jugals and dentition, ex-
cept right M3. Pleistocene (Libertad Fm.), Arroyo Las Limetas,
Conchillas, Colonia Department, Uruguay.

MRSC 920. Skull missing jugals. Pleistocene, Arroyo San Juan,
Colonia Department, Uruguay.

Lestodon armatus

MACN 10830. Skull and mandible. "Lower pampean", North of
Mar del Plata sea cliffs, Buenos Aires Province, Argentina.
MACN 11687. Skull of a juvenile specimen. "Pampean",

Carcarafid river, Santa Fe Province, Argentina.

MLP 3-3. Skull with caniniforms and mandible with molariforms
but missing caniniforms; incomplete skeleton but restored. Skull
figured by Lydekker (1894), P1. LIII, Figs. 1y 1a. "Pampean", San
Antonio de Areco, Buenos Aires Province, Argentina.

MLP 3-29. Skull and mandible partially restored. Jugals, left up-
per caniniform, right premaxilla, right m4 and left m2-4 are
missing. Skull figured by Lydekker (1894), Pl. LIII, Fig. 2.
"Pampean", unknown locality.

MLP 3-30. Skull and mandible partially restored. Right M2 and
M4, and left m2 are missing. Caniniforms restored.
"Pampean", unknown locality.

MRSC 807. Complete skull. Stratigraphy unknown, Colonia,
Uruguay.

MRSC 1020. Skull and mandible. Stratigraphy unknown, Colonia,
Uruguay.

Mylodon darwini

BM(NH) M-16617 (ex RCS 472, ex RCS 3940). Holotype. Mandible
with dentition; tip of the simphysis, coronoid, angular and
condilar processes missing. Late Pleistocene, Punta Alta cliffs,
Bahia Blanca, Buenos Aires Province, Argentina.

CN 43. Skull and nearly complete skeleton. Statigraphic prove-
nance unknown, Buenos Aires Province, Argentina.

MACN 991. Right dentary with the molars partially restored.
"Pampean", Rio Salado, Buenos Aires Province, Argentina.
MACN 5980. Complete isolated premaxillae with part of the nasal
arch. "Lower pampean", Miramar, Buenos Aires Province, Ar-

gentina.

MACN 11502. Incomplete left dentary (missing angular and coro-
noid processes, and part of the symphisis) with m2 and m4.
"Lower pampean'"?, Rio Carcarafia cliffs, Santa Fe Province,
Argentina.

MACN 15348. Incomplete skull, restored in the dorsal part of the
nasals, the nasal arch, the pterigoid blades and the jugals.
"Lower pampean"?, Buenos Aires Province, Argentina.

MLP 3-122. Incomplete skull, with the nasal arch but missing den-
tition. Figured by Lydekker (1894), Pl. LIV. "Middle pam-
pean", Buenos Aires Province, Argentina.

MLP 3-762a. Incomplete skull, with the nasal arch, jugals and
dentition missing. "Upper pampean", Olavarria, Buenos Aires
Province, Argentina.

MLP 3-763. Incomplete skull, with the nasal arch, jugals and den-
tition missing. "Upper pampean", Olavarria, Buenos Aires
Province, Argentina.

MLP 3-764. Complete skull with dentition. Dorsal tip of the nasal
arch mising. "Pampean", Olavarria, provincia de Buenos
Aires, Argentina.

MLP 36-VIII-12-1. Incomplete skull without dentition. "Lower
pampean", Estacién Bunge, Buenos Aires Province, Argentina.

MMCIPAS 2458. Incomplete skull; zygomatich arches, premaxil-
lae, anterior part of the nasals and dentition mising. Pleisto-
cene, Salto, Buenos Aires Province, Argentina.

MNHN-BOL-V 006470. Skull very well preserved, but without
dentition and right jugal. Pleistocene, Mojotorillo, Potosi De-
partment, Bolivia.

Scelidotherium leptocephalum

MLP 3-671. Skull and mandible and several limb bones.
"Pampean", Olavarria, Buenos Aires Province, Argentina.
MLP 3-401. Skull and mandible and almost complete skeleton.

"Pampean", Buenos Aires Province, Argentina.

MLP 3-420. Skull and mandible. "Upper Pampean", Buenos Aires
Province, Argentina.

MMP 9-S. Skull of a juvenile specimen missing the zygomatic
arches. Ensenadan, northeastern sea cliffs of Mar del Plata,
Playa Santa Elena, Buenos Aires Province, Argentina.

MMP 31-S. Skull missing the zygomatic arches and the right mo-
lariforms. Sea cliffs of Camet, Mar del Plata, Buenos Aires
Province, Argentina.

MMP 127-S. Skull missing zygomatic arches, mandible, atlas, ulna,
radio and other limb bones. Lujanian (Cobo Fm.) 100 m North of
Arroyo Santa Clara, Buenos Aires Province, Argentina.

MMP 157-S. Skull and mandible missing dentition. Playa Estrada,
Mar del Plata, Buenos Aires Province, Argentina.

MMP 458-S. Skull and mandible. Skull mssing right M1, M4 and
MS5; mandible missing left m1- m4. Femur, patella, tibia, frag-
ment of fibula and radio. Parque Camet, Mar del Plata, Buenos
Aires Province, Argentina.

MMP 549-S. Skull, missing the zygomatic arches; mandible, with
the coronoid processes and condyles incomplete. Part of the
apendicular skeleton. Lujanian (Cobo Fm.), sea cliffs of Santa
Clara del Mar, Buenos Aires Province, Argentina.

MMP 614-M. Skull missing the zygomatic arches and part of the
skeleton. Rivera, Buenos Aires Province, Argentina.
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MMP 1155-M. Skull missing the jugals, left M1-Mband right M3-
M4; mandible missing dentition and right coronoid process
incomplete. Ensenadan, Mar del Plata, Buenos Aires Province,
Argentina.

MEGATHERIIDAE
Megatherium americanum

MLP 2-64 Skull and mandible, with part of the hyoid apparatus.
"Pampean", Argentina. Figured in Lydekker (1894: pl. 45, fig.1).

MLP 2-56. Complete mandible. "Pampean", Argentina. Figured in
Lydekker (1894: pl. 45, fig. 1a).

MACN 1000, nearly complete mounted skeleton. Rio Salado,
Buenos Aires Province, Argentina.

MACN 2832. Skull and mandible, some hyoid pieces, vertebrae,
fragment of scapula. "Pampean", Carcarafid river, Santa Fe,
Argentina.

MACN 5002. Skull and mandible, femur, humerus and ulna.
Palermo, Buenos Aires, Argentina. (Type of Megatherium gal-
lardoi).

MNHNP 276. Skull and mandible with the symphysis broken.
Stratigraphic provenance and locality unknown.

Appendix 2. Landmarks used for the morphogeometric analysis
(H: homologous landmark; G: geometric landmark) / landmarks
utilizados para el andlisis morfogeométrico (H: landmarks homélogos; G:
landmarks geométricos).

Skull: lateral view

1. Ventral margin of the occipital condyle (G).

2. Dorsal margin of the sagittal crest (H).

3. Parietofrontal suture on the sagittal plane (H).

4. Nasofrontal suture on the sagittal plane (H).

5. Anterior end of the nasal (G).

6. Nasointermaxillare (anterior end of the nasopremaxillar suture) (H).
7. Anterior end of the premaxilla (G).

8. Premaxillomaxillar suture on the ventral margin (H).
9. Mesial margin of first molariform tooth (H).

10. Mesial margin of second molariform tooth (H).

11. Distal margin of the last molariform tooth (H).

12. Ventral-most margin of the pterygoid (G).

13. Auditory foramen (H).

14. Squamoso-parieto-frontal suture (H)

15. Lacrimal foramen (H)

16. Infraorbital foramen (H)
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17. Dorsal end of the ascending process of the jugal (G)

18. Ventral end of the descending process of the jugal (G)

19. Anterior end of the squamosal (G)

Skull: palatal view

. Posterior end of the right occipital condyle (G).

. Posterior end of the left occipital condyle (G).

. Left estilohyal fossa (H).

. Rigth estilohyal fossa (H).

. Palation (posterior point of the palate in the middle line) (H).

. Anterior end of the right squamosal (G).

. Anterior end of the left squamosal (G).

. Rigth Infraorbital foramen (H).

. Left Infraorbital foramen (H).

10. Premaxillomaxillar suture on the left margin (H).

11. Premaxillomaxillar suture on the middle line of the palate (H).

12. Premaxillomaxillar suture on the rigth margin (H).

13. Prosthion (anterior point of the premaxilla in the middle line)
(H).

14. Mesial margin of first left molariform tooth (H).

15. Mesial margin of second left molariform tooth (H).

16. Mesial margin of the last left molariform tooth (H).

17. Mesial margin of first right molariform tooth (H).

18. Mesial margin of second right molariform tooth (H).

19. Mesial margin of the last right molariform tooth (H).

Mandible: lateral view

1. Dorsal end of the condyle (G).

2. Junction between the condylar and coronoid processes (G).

3. Dorsal tip of the coronoid process (G).

4. Distal margin of the last molariform tooth (H).

5. Mesial margin of the second molariform tooth (H).

6. Mesial margin of the first molariform tooth (H).

7. Anterior symphyseal margin (G).

8. Intersection of the ventral margin of the dentary with the line
extending down perpendicularly from the line drawn be-
tween landmarks 7 and 11 and at V4 the distance between 7
and 11 (G).

9. Intersection of the ventral margin of the dentary with the line
extending down perpendicularly from the line drawn be-
tween landmarks 7 and 11 and at %2 the distance between 7
and 11 (G).

10. Intersection of the ventral margin of the dentary with the line
extending down perpendicularly from the line drawn be-
tween landmarks 7 and 11 and at % the distance between 7
and 11 (G).

11. Posterior margin of angular process (G).

12. Junction between the angular process and the condyle (G).

13. External foramen of the dentary channel (H).

14. Anterior mental foramen (H).
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