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ABsTRACT: Diverse modifications of the original morphological features occur throughout the taphonomic history of
osteological remains, which may lead in erroneous interpretations about the formation of an accumulation as well as
taxonomic misidentifications. Here, we present a neo-taphonomic study in order to analyze and interpret the
modifications generated by digestion on osteoderms of the armadillo Dasypus novemcinctus obtained from scats
produced by Puma concolor. Results reveal intense breakage and modifications of the articular and broken edges,
dorsal surface, bone tissues, and ornamentation pattern of the osteoderms. This work describes for the first time the
modifications caused by digestion in armadillo osteoderms, improving the knowledge of preservation of this type of
skeletal element and providing a modern analog that can be used to distinguish archeological and paleontological
accumulations formed by predators from those generated by other processes. The recognition that digestion modifies
the original ornamentation pattern is particularly significant because ornamentation features are used in nearly all
taxonomic and phylogenetic studies of fossil cingulates. We use this new information to re-evaluate osteoderms
recovered from carnivore coprolites of the classic Middle Miocene La Venta site (Colombia), which formed the basis
for recognizing and characterizing the dasypodid species Nanoastegotherium prostatum. We highlight the importance
of knowing with certainty the origin and taphonomic history of remains since, in the particular case of cingulates,
taxonomic identification also has important biostratigraphic, paleoecological, paleoenvironmental, and paleobiogeo-
graphical implications.

INTRODUCTION within vertebrate paleontology (e.g., Arbour and Currie 2012; Hedrick and
Dodson 2013; Tschopp et al. 2013; Kammerer et al. 2020).

Cingulata is a particular group of xenarthran mammals from the New
World characterized by having protective armor formed by ossified dermal

tissues known as osteoderms. This clade included diverse representatives

In recent decades, vertebrate taphonomy has had a remarkable
development due to the data it provides about organisms, their relationship
with the environment, and alterations that affect the remains from the

moment of death and during its transition into the lithosphere (Fernandez-
Jalvo and Andrews 2016). All this information is very useful for
interpreting the origin of fossiliferous sites and understanding the
mechanisms of production and modification of the fossil record (e.g.,
Efremov 1940; Lyman 1994; Behrensmeyer et al. 2000).

Agents and processes involved in the taphonomic history of osteological
remains produce modifications and sometimes loss of either macro- or
microscopic original morphological features. On the one hand, the
modifications may lead to erroneous interpretations about the origin of
the accumulation (e.g., Fernandez-Jalvo and Andrews 2016). On the other
hand, the changes may also result in taxonomic misidentifications,
sometimes even with phylogenetic implications. Knowing how a
paleontological site was formed and how fossil remains were preserved
can aid taxonomic identification; however, the relationship between
taphonomy and taxonomy remains a poorly explored line of research
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of armadillos, glyptodonts, peltephilids, and pampatheriids during much of
the Cenozoic; however, presently the diversity is reduced to armadillos of
the families Dasypodidae and Chlamyphoridae (Gibb et al. 2016). Remains
of cingulates are very abundant in archeological and paleontological sites
from the Cenozoic of South America; this is mainly related to the great
number of osteoderms present in a single dorsal carapace (i.e., ~ 900 in
armadillos, ~ 1,800 in glyptodonts), which clearly increases the
preservation potential of this element. Despite their abundance, tapho-
nomic studies usually do not include osteoderms in analyses or describe
alterations that affect them. Analyses that include taphonomic observations
on osteoderms from other vertebrate groups (i.e., reptiles) are also scarce
(e.g., Pereda-Suberbiola et al. 2000; Brand et al. 2003; Gillreath-Brown
and Peres 2018).

Most of the taxonomic and phylogenetic arrangements proposed for
fossil cingulates are mainly based on morphological features of the
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exposed surface of dorsal carapace osteoderms, such as shape, ornamen-
tation pattern, and number, size, and location of foramina. However, the
almost exclusive use of osteoderms as diagnostic elements to differentiate
species (in several cases, isolated osteoderms without data on their
provenance or certainty about their location in the dorsal carapace, among
other factors) has led to several species being named that were later
recognized to be invalid and an overestimation of the diversity of the clade
(Zurita et al. 2016, 2017; Barasoain et al. 2022). Recently, taphonomic
analyses have begun to be applied as a complementary tool to understand
how osteoderms have been modified by taphonomic processes and, on this
basis, to solve taxonomic issues involving Cenozoic representatives of this
group. These studies have proposed that some taxa of glyptodonts
(Urotherium antiquum, U. simplex, Paraglyptodon chapadmalensis,
Trachycalyptus chapadmalensis, Lomaphorus chapalmalensis) were
identified and characterized based on osteoderms affected by different
processes (i.e., weathering, abrasion, soil corrosion) that modified the
original ornamentation patterns and, therefore, resulted in taxonomic
misidentifications (Zurita et al. 2016, 2017; Barasoain et al. 2022,
Tomassini et al. 2023).

Considering that processes occurring in the past continue in the present,
we carry out here a study based on modern taphonomy in order to improve
knowledge of the preservation of fossil cingulate osteoderms. In this
context, the goal of this work is to analyze and interpret the modifications
generated by digestion on long-nosed armadillo (Dasypus novemcinctus)
osteoderms obtained from scats produced by puma (Puma concolor) in
northeastern Argentina (Mesopotamian region). Since armadillos were an
important component of Cenozoic faunal communities of South America,
this work should provide a useful framework for identifying archeological
and paleontological accumulations formed by predators and differentiating
them from those generated by other processes. We also provide new
information about the characterization of the puma as a producer of small
vertebrate accumulations. Finally, this is the first study that focuses
specifically on analyzing the effects of digestion on cingulate osteoderms
and their potential taxonomic repercussions. We use this information to re-
evaluate fossil osteoderms recovered from carnivore coprolites of the
classical middle Miocene La Venta site (Colombia) on which the armadillo
Nanoastegotherium prostatum described in Carlini et al. (1997) was based.

SPECIES UNDER STUDY
The Prey: Dasypus novemcinctus

The genus of long-nosed armadillos or “mulitas”, Dasypus (Dasypo-
didae, Dasypodinae), is the most species-rich among living xenarthrans
(eight species sensu Feijo et al. 2018, 2019) as well as the most widely
distributed (Wetzel et al. 2007; Hautier et al. 2017). Within the genus, the
common long-nosed or nine-banded armadillo Dasypus novemcinctus, is
currently distributed from southern South America (~ 35°S, Argentina),
through Central America, to North America (~ 40°N, USA) (Wetzel et al.
2007; Loughry et al. 2014; Feijo et al. 2018) (Fig. 1). The fossil record of
D. novemcinctus includes materials from the Late Pleistocene (and
probably Holocene) of Argentina, Brazil, Uruguay, and Bolivia, mainly
represented by isolated osteoderms (Castro 2014, 2015).

Dasypus novemcinctus armor is composed of three portions: the
cephalic shield, the dorsal carapace (including well-defined scapular and
pelvic bucklers, with 18 to 20 rows of fixed osteoderms, and 7 to 10
transverse movable bands of imbricated osteoderms), and the caudal sheath
(McBee and Baker 1982; Hill 2006; Vickaryous and Hall 2006; Castro
2015) (Fig. 2). Osteoderms are dermal ossifications located within the
integument, with epidermal (keratinous) scales covering the exposed dorsal
surface (ornamented portion in the case of mobile and fixed osteoderms).
From a histological viewpoint, osteoderms are composed of external and
internal layers of compact bone surrounding a middle layer of cancellous

bone (Hill 2006; Krmpotic et al. 2015). Internally, they are characterized
by the presence of different types of cavities (based on their morphology
and the soft tissues they encase), including marginal piliferous follicle
cavities, glandular cavities, bone marrow cavities, and other small channels
(Scarano et al. 2019; and references therein).

We provide here a description of the main morphological diagnostic
characters of fixed, mobile, lateral (from the carapace margins), cephalic,
and caudal osteoderms (Fig. 2), with more detail for the first two types due
their relevance in taxonomic studies of fossil armadillos. This information
is considered in the taphonomic analysis (see below).

Fixed osteoderms (Fig. 2) of the scapular and pelvic bucklers have
irregular polygonal shapes that are variable (e.g., quadrangular, pentagonal,
hexagonal) according to their position on the carapace. The ornamentation
pattern of the dorsal surface includes a round, slightly raised, lageniform
central figure partially surrounded by several (6 to 7) small and narrow
peripheral figures. Central and peripheral figures are separated by a
shallow central main sulcus, while peripheral figures are separated from
each other by shallow radial sulci; all sulci are narrow but well-marked. A
variable number (2 to 9, but generally 4) of circular to sub-circular
foramina are present in the central main sulcus, usually in the intersections
with the radial sulci. The central figure also includes numerous
perforations, smaller than the foramina. The posterior margin has 1 to 4
(but generally 2 or 3) piliferous foramina.

Mobile osteoderms (Fig. 2) have a sub-rectangular shape and are
anteroposteriorly longer than wide. They are divided into two portions. The
anterior articular portion, overlapped and covered by the posterior portion
(see below) of the next anterior movable band osteoderm, represents one-
third of the osteoderm length and shows a smooth surface, except for small
neurovascular foramina and some shallow and meandering grooves. The
transition between the anterior and posterior portions is represented by a
narrow zone (transverse depression) with a rough surface. The posterior
portion displays an ornamented dorsal surface. The ornamentation pattern
includes a lageniform central figure that is delimited by two shallow but
well-marked main sulci that diverge toward the posterior margin and
usually join each other anteriorly (V-shaped). A variable number of circular
to sub-circular foramina are presents in these sulci (6 to 13, but generally
10). The central figure also includes numerous perforations, which are
smaller than the foramina. The posterior margin has 1 to 4 (but generally 4)
piliferous foramina.

Cephalic osteoderms (Fig. 2) are flat and, in general, have a polygonal
shape. The dorsal surface is smooth, lacking a clear ornamentation pattern
(i.e., central and peripheral figures) but with numerous small perforations.
Piliferous foramina are present in the posterior and lateral margins.

Lateral osteoderms (Fig. 2), from the carapace margins, are fusiform and
have rounded margins. The dorsal surface is mainly flattened and lacks a
clear ornamentation pattern; two rows of small foramina may be present in
the dorsal surface, while a row of larger foramina extends longitudinally
across the ventral surface of the osteoderm.

The caudal sheath includes an anterior region divided in rings and a
continuous posterior region. Each ring is composed of two rows of
osteoderms with different morphologies. Osteoderms from the proximal
row (Fig. 2) are divided into an articular and an ornamented portion; the
ornamentation pattern includes two small anterior peripheral figures and
small foramina in the lateral margins. Osteoderms from the distal row are
pentagonal and have a flat and unornamented surface.

The Predator: Puma concolor

Puma concolor (Carnivora, Felidae) is a large felid with a wide
distribution in the Americas (Fig. 1). It is a top predator, generalists and
opportunistic hunters, with a diet including mainly meso- and large
mammals, but also micromammals, birds, fishes, and mollusks (Mondini
and Mufoz 2008; Stiner et al. 2012; Mondini 2017; Hockett 2018;
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Fig. 1.—Map showing the geographic distribution of Dasypus novemcinctus and Puma concolor and the area of overlap. The detail map in lower right shows where the
studied scats were collected (Establecimiento Las Marias -Departamento Santo Tomé-, and Parque Nacional Mburucuya -Departamento Mburucuya-, Corrientes Province,

Argentina).

Montalvo and Fernandez 2019; Alvarez et al. 2022). From a taphonomic
viewpoint, this species was included in the maximum category of
modification (extreme) based on the modifications it produces in
osteological remains (of small mammals) that pass through the digestive
tract, although it is variable according to the body mass of the prey
(Montalvo et al. 2007; Montalvo and Fernandez 2019). This relates to their
very strong digestion chemistry (Stiner et al. 2012).

MATERIAL AND METHODS

A sample of 99 scats produced by Puma concolor was examined, and 23
of them contained osteoderms from different portions of the armor of
Dasypus novemcinctus. Scats were collected between 2016 and 2021 at the
Parque Nacional Mburucuya (Departamento Mburucuyd; 28°02'S,
58°05’'W) and Establecimiento Las Marias (Departamento Santo Tomé;
28°06’S, 56°03’W). Both sites are located in Corrientes Province,
northeastern Argentina (Zaracho et al. 2017; Fig. 1). The specimens are
housed at the Laboratorio de Ornitologia y Mastozoologia, Facultad de
Ciencias Exactas y Naturales y Agrimensura, Universidad Nacional del
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Nordeste (Corrientes Province, Argentina). Other skeletal elements of
Dasypus novemcinctus obtained in the samples but not considered in this
taphonomic analysis include vertebrae and claws.

Taxonomic identification of the osteoderms was carried out following
McBee and Baker (1982), Vickaryous and Hall (2006), and Castro (2014,
2015), and used comparative specimens housed at the Facultad de Ciencias
Exactas y Naturales y Agrimensura, Universidad Nacional del Nordeste
(Corrientes Province, Argentina). Dasypus novemcinctus was the only
taxon of armadillo identified in the sample. We determined and interpreted
the macroscopic modifications resulting from puma digestion in all of the
osteoderms (see below). The specimens were examined under a Motic
SMZ168 binocular light microscope (20X and 40X) belonging to the
Departamento de Geologia, Universidad Nacional del Sur (Bahia Blanca,
Argentina).

Some previous works that analyzed modern (Montalvo et al. 2007) and
fossil (Ballejo et al. 2022) vertebrate assemblages accumulated by
predators briefly mentioned and described modifications identified in
osteoderms as result of digestion. We propose here a categorization of
different taphonomic features, discriminating according to the type of



34

moveable bands

R.L. TOMASSINI ET AL.

carapace margin

FiG. 2.—Schematic (not to scale) of the armor of Dasypus novemcinctus and osteoderms from the different regions.

osteoderm, in order to make a more detailed evaluation of the effects of the
digestion process on this particular skeletal element and the possible
taxonomic consequences.

1. Breakage and type of fracture. Osteoderms were classified according to
whether they were complete (>95% of the element preserved) or
incomplete (<95% of the element preserved). Type of fracture was
defined based on the angle formed by the fracture plane and the antero-
posterior axis of the osteoderm: longitudinal, oblique, and transverse.
These types of fractures may also be combined in a single specimen. In
the case of mobile osteoderms, we recorded the preserved portion
(anterior articular, posterior ornamented, or part of both portions).

2. Modification of articular and broken edges includes three categories: (1)
intact edges; (2) rounded edges; and (3) thinned edges.

3. Modification of the surface includes three categories: (1) intact surface;
(2) smoothed surface; and (3) polished surface.

4. Modification of bone tissues includes four categories: (1) intact tissues;
(2) slightly degraded (irregular surface) compact bone, without exposed
cancellous bone; (3) highly degraded compact bone, with exposed
cancellous bone; and (4) extremely degraded compact and cancellous
bones; only a thin layer of compact bone is preserved.

5. Modification of original ornamentation pattern includes three categories:
(1) intact ornamentation; (2) slightly modified ornamentation; and (3)
intensely modified ornamentation. In each case, we determined changes
in central and peripheral figures, main and radial sulci, and dorsal

foramina (Fig. 3A, 3B). Assignment to a specific category depended on
the intensity of the changes in each of these morphological features. We
evaluated this attribute only in fixed and mobile osteoderms, considering
its relevance in taxonomic and phylogenetic analyses of fossil armadillos
(see above).

In the particular case of the dorsal foramina, we performed a statistical
analysis to determine possible changes in size as a result of digestion. The
area of each complete foramen from the sulci of fixed osteoderms
(osteoderms from scapular and pelvic bucklers were evaluated together; n
osteoderms measured = 20; n foramina measured = 83) and mobile
osteoderms (n osteoderms measured = 61; n foramina measured = 392)
was measured using the software Imagel. Data obtained were analysed
through a Levene test for equal variances applied in R software (R Core
Team 2022), where H, assumes equal variances in the size of the foramina
of fixed and mobile osteoderms (p-value > 0.05) and H; assumes that
variances are not equivalent (p-value < 0.05). Piliferous foramina of the
posterior margin were not considered, since they are open and, therefore,
the area cannot be calculated.

RESULTS

The sample obtained from 99 scats comprises a total of 185 osteoderms
belonging to Dasypus novemcinctus (Fig. 4A—4C). Osteoderms from
different region of the armor are represented, including cephalic shield (n=
28), dorsal carapace (movable bands n = 113; scapular buckler n = 15;

Downloaded from http://pubs.geoscienceworld.org/sepm/palaios/article-pdf/38/1/31/5771217/i1938-5323-38-1-31.pdf
bv lIniversidad Combplutense de Madrid user



TAPHONOMY OF ARMADILLO OSTEODERMS 35
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Fi6. 3.—Diagrams (not to scale) of Dasypus novemcinctus osteoderms showing
morphological characteristics and ornamentation patterns. A) Mobile osteoderm in
lateral (A) and dorsal (A,) views. B) Fixed osteoderm in dorsal view. Abbreviations:
Ap = anterior articular portion; cfi = central figure; dfo = dorsal foramen; ms = main
sulcus; pfi = peripheral figures; pfo = posterior piliferous foramen; Pp = posterior
ornamented portion; rs = radial sulcus; sp = small perforations; Tp = transitional
portion.

pelvic buckler n = 19; and undetermined laterals n = 3) and caudal sheath
(n="7). The number of osteoderms by sample varies from 1 to 45. From the
23 scats analyzed, only 10 have osteoderms from different regions of the
armor, while the remaining 13 include osteoderms from a single region.
One of the samples has three small portions of pelvic buckler with 3—4
articulated osteoderms.

Complete specimens (30.8% of the total sample) predominate among
the different types of osteoderms, except in the mobile osteoderms (Fig. 5).
Different types of fractures are recognized among the incomplete
osteoderms (Fig. 6A—6E), with a marked predominance of transverse
and combined (Table 1). We highlight that most of the incomplete mobile
osteoderms (65%) are broken at the level of the transitional portion and
represented by the ornamented portion; the remaining mobile osteoderms
include parts of both articular and ornamented portions.

Modifications of the articular and broken edges are present (93.5% of
the total sample) in the different types of osteoderms (Fig. 5), represented
by rounding (Category 2; Fig. 7A, 7B) and thinning (Category 3; Fig. 7C,
7D). The scarce intact specimens (Category 1) only correspond to

complete mobile and fixed osteoderms; all broken osteoderms, including
different types of fractures, show rounded edges. Thinning affects the
margins (which represent less thick zones; see Fig. 3A;) of mobile and
caudal osteoderms; in the anterior margin of the articulated portion,
cancellous bone is exposed, whereas in the posterior margin of the
ornamented portion, jagged ends are present, which generate a significant
distortion or loss of the piliferous foramina.

The surface is altered in most osteoderms (99% of the total sample; Fig.
5). Intact specimens (Category 1) only include mobile and fixed
osteoderms. Cephalic, fixed, mobile, and caudal osteoderms show both
smoothed (Category 2; Fig. 7E) and polished (Category 3; Fig. 7F)
surfaces, while lateral osteoderms only have smoothed surfaces (Category
2).

Most of the osteoderms (55.6% of the total sample) show loss of bone
tissues (Fig. 5). Intact specimens (Category 1) include all types of
osteoderms. All affected cephalic, caudal, and lateral osteoderms, as well
as some fixed and mobile osteoderms, only show a slight degradation of
the compact bone (Category 2; Fig. 7G), evidenced by a surface with
irregular aspect. Several fixed and mobile osteoderms have a high
degradation of the compact bone (Category 3; Fig. 7H, 7I), which implies
areas with exposed cancellous bone. In mobile osteoderms, the exposure of
cancellous bone generally affects both the articular and ornamented
portions. Only some mobile osteoderms reach an extreme modification
degree, represented by an intense degradation of the bone tissues (Category
4; Fig. 7J) and the preservation of only a thin layer of compact bone, in all
cases corresponding to the dorsal surface of the ornamented portion.

Some mobile osteoderms have subcircular/suboval perforation located in
the transitional portion (which represent a less thick zone; see Fig. 3A;)
that may partially (n =9) or totally (n = 6) cross the bone tissue (Fig. 7K,
7L). This modification is mainly present in those osteoderms that show
highly modified bone tissues (categories 3 and 4).

The ornamentation pattern of the exposed surface shows changes in
most of the osteoderms (Fig. 5), being more evident in mobile osteoderms
(92.9%) than in fixed (52.9%). Modifications of the ornamentation pattern
include smoothing of central and peripheral figures, deepening and
widening of sulci, and increase in size of the dorsal foramina (and the small
perforations present in the central figure) (Fig. 7M-7Q). These
modifications can appear independently (mainly in osteoderms with slight
modifications) or combined (mainly in osteoderms with intense modifi-
cations). Most affected fixed osteoderms only show slight modifications
(Category 2); only one osteoderm has intense modifications (Category 3).
Among mobile osteoderms, those with slight modification predominate
(Category 2), although there are several specimens with intense
modifications (Category 3); in some mobile osteoderms included in
Category 3, the great modification practically obliterates all the original
features of the ornamentation (Fig. 7Q).

Fic. 4—Evidence of Puma concolor and Dasypus novemcinctus interactions. A) Carcass modified by predator activity. Note the damage produced in the inferior portion
of the movable bands region. B) Scat with presence of several osteological remains; arrows indicate osteoderms. C) Osteoderms obtained from one of the studied specimens,
showing different degrees of modification by digestion. Abbreviations: co =cephalic osteoderm; fo = fixed osteoderm; mo = mobile osteoderm.

Downloaded from http://pubs.geoscienceworld.org/sepm/palaios/article-pdf/38/1/31/5771217/i1938-5323-38-1-31.pdf
bv lIniversidad Combplutense de Madrid user



36 R.L. TOMASSINI ET AL.

100

90

80

70

60

% 50

40

30

20

10

-—
=
2
@

thinned [===—T=—1——

smoothed |mmmml—

0

()] bl O = (0] o [0}
3 8 2 5 & &£ |8 2
3 = o > o £ £ o
€ S < = £
3 o (0]

£

Breakage Edges Dorsal surface Bone tissue Ornamentation pattern

Bcephatic [Mobile WlFixed [ JLateral [caudal

Fic. 5.—Bar graph showing the proportions of taphonomic modifications identified in different types of osteoderms.

Fig. 6.—Examples of mobile osteoderms with different degrees of breakage and types of fractures (note dotted lines). A) Complete osteoderm. B) Oblique fracture
(preservation of both articular and ornamented portions). C) Transverse fracture at level of the transitional portion (preservation of ornamented portion). D) Combined fracture
(longitudinal 4 oblique; preservation of ornamented portion). E) Combined fracture (oblique + transverse; preservation of both transitional and ornamented portions). Scale
bars = 0.25 cm.
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TAaBLE 1.—Diversity of fractures in different types of osteoderms.
Fracture type
Transverse Oblique Longitudinal Combined

Osteoderm type n % n % n % n %
Mobile 34 34 16 16 0 0 50 50
Fixed 5 35.71 2 14.29 3 21.43 4 28.57
Lateral 1 100 0 0 0 0 0 0
Cephalic 7 63.63 0 0 1 9.1 3 27.27
Caudal 0 0 1 50 0 0 1 50

The general increase in the size of the dorsal foramina is evident in
several mobile osteoderms (Fig. 7P, 7Q); likewise, in those cases where
there is a significant loss of compact and cancellous bone (categories 3 and
4, see above), foramina tend to cross the entire thickness of the osteoderm
(Fig. 7Q). On the contrary, only some dorsal foramina of a few fixed
osteoderms show a clear size change (Fig. 70). A brief description of the
coefficients summarizing the studied data set is shown in Table 2;
differences in mean, standard deviation, minimum, median, and maximum
values are observed between these two types of osteoderms. Statistical
analyses (Fig. 8) support these observations and indicate that more
variation of dorsal foramina size occurs in mobile osteoderms than in fixed
osteoderms (Levene test, p-value = 0.000).

DISCUSSION
Taphonomic Interpretation of the Sample

Records of predation on Dasypus novemcinctus have been reported in
several regions of the Americas. Predators include various carnivorous
mammals, such as puma, jaguar, ocelot, lesser grisson, coyote, American
black bear, northern raccoon, and fox. Apart from terrestrial mammals,
other predators of the armadillo include avian raptors such as harpy eagle
and owls, as well as the reptiles black-and-white tegu and American
alligator (McBee and Baker 1982; Loughry and McDonough 2013).

Osteoderms of different armadillo species are commonly identified in
pellets and scats of diverse predators (Montalvo et al. 2007, 2016; Ballejo
etal. 2012; Lopez et al. 2021; Alvarez et al. 2022), although their ingestion
is considered to be accidental (see below). They also appear in
accumulations of leftover prey remains (Kaufmann 2016; Montalvo et al.
2016). On the other hand, although armadillos are abundant in the fossil
record, the presence of osteoderms in archeological and paleontological
accumulations produced by non-human predators is scarce (e.g., Carlini et
al. 1997, see below; Ballejo et al. 2022), and they are not usually evaluated
from a taphonomic perspective.

Beyond the advances in recent decades in the study of modern and fossil
vertebrate accumulations generated by diverse predators of South America
(Fernandez et al. 2017; Mondini 2017; Montalvo and Fernandez 2019; and
references therein), it is worth mentioning that, at the moment, little is
known about how the ingestion and digestion processes affect osteoderms.
The analysis performed herein on a sample of D. novemcinctus osteoderms
obtained from Puma concolor scats provides novel data on different
modifications that can occur. Although some of these modifications (i.e.,
rounding, polishing, loss of bone tissue) have been mentioned in previous

works related to other skeletal elements (e.g., bones, teeth; Andrews 1990)
of different mammal taxa, others (i.e., distortion of the ornamentation
pattern) are specific to osteoderms and are described in detail here for the
first time.

The number of ingested osteoderms that were not destroyed by the
digestion process, considering both the whole sample and each scat
individually, is very low with respect to the number of osteoderms included
in the armor of a single individual of D. novemcinctus. There is a marked
predominance of osteoderms from the movable bands, with osteoderms
from the other regions identified to a lesser extent; this situation is likely
related to the hunting strategy of the puma and how it obtains nutrients.
Once a puma kills a D. novemcinctus, access to the internal organs occurs
through the carapace edges; in many cases, this occurs in the movable
bands area (Fig. 4A) (M.L. Chatellenaz personal observation 2017), which
causes the accidental ingestion of osteoderms.

The high percentage of broken osteoderms (~ 70%) is likely related to
killing and ingestion of prey. According to different authors (Montalvo et
al. 2007; Mondini 2017), skeletal elements of micromammals consumed
by P. concolor are practically swallowed whole without chewing due to
their small size. However, a differential response is expected in the case of
D. novemcinctus, considering its body mass (~ 3-8 kg for adult
individuals; McBee and Baker 1982), which makes it a mesomammal,
and the structural differences that exist between osteoderms and other
skeletal elements. The sample here analyzed indicates that different types
of fractures (i.e., longitudinal, oblique, transversal, and combined) are
produced during ingestion but that transverse ones predominate. With
respect to this, Stiner et al. (2012) studied a sample of puma scats from
North America and recorded a high percentage of transverse fractures
among long bones. Among mobile osteoderms, the predominance of
specimens represented only by the ornamented portion is probably related
to the fact that breakage affects the transitional portion most easily, a thin
and weak zone of the element. Variations in the breakage pattern may be
the result of different anatomical characteristics (e.g., size, shape, and
structural density) that exist among the different types of osteoderms.

The absence of tooth marks is consistent with the proposal of accidental
ingestion, since the consumption of this type of skeletal element does not
provide nutrients. Other taphonomic works that have analyzed scats of P.
concolor have highlighted the scarcity of bone remains with chewing
evidence, particularly those of small prey (Montalvo et al. 2007; Stiner et
al. 2012; Mondini 2017, Alvarez et al. 2022).

Localized rounding of bone remains is a characteristic modification of
digestion produced by mammalian carnivores (Andrews 1990), and P.

TABLE 2.—Descriptive statistics of dorsal foramina measured for mobile and fixed osteoderms.

n Mean Standard deviation Minimum Ql Median Q3 Maximum
Mobile osteoderms 392 0.189 0.121 0.038 0.115 0.156 0.234 1.021
Fixed osteoderms 83 0.087 0.031 0.038 0.063 0.081 0.110 0.184
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Fi6. 7—Taphonomic modifications caused by digestion. A, B) Rounded edges in mobile (A) and fixed (B) osteoderms. C, D) Thinned edges in mobile osteoderms in
dorsal (C) and lateral (D) views. E) Smoothed surface in fixed osteoderm. F) Polished surface in mobile osteoderm. G) Slightly degraded compact bone (irregular surface in
the ornamented portion) in mobile osteoderm. H) Highly degraded compact bone (cancellous bone exposed in the articular and ornamented portions; see arrows) in mobile
osteoderm. I) Highly degraded compact bone (cancellous bone exposed throughout the entire ornamented portion) in mobile osteoderm. J) Extremely degraded compact bone
(only a thin layer of compact bone preserved) in mobile osteoderm. K) Partial perforation (see arrow) in the transitional portion of a mobile osteoderm. L) Complete
perforation (see arrow) in the transitional portion of a mobile osteoderm. M) Slightly modified ornamentation in fixed osteoderm. N) Slightly modified ornamentation in
mobile osteoderm. O) Intensely modified ornamentation in fixed osteoderm (note the enlargement of some dorsal foramina). P) Intensely modified ornamentation in mobile
osteoderm (note the enlargement of several dorsal foramina and the deepening of the main sulcus). Q) Intensely modified ornamentation in mobile osteoderm (note the
obliteration of the original ornamentation pattern). Scale bars = 0.2 cm.
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Fic. 8.—Statistical analyses of dorsal foramen size in mobile and fixed osteoderms. A) Box and whisker plot obtained through descriptive statistics showing the great
variation in foramen area in both types of osteoderms. Circles and asterisks = outliers. B) Levene test graph showing the different variance values of both types of osteoderms,

considering the 95% of confidence interval.

concolor in particular produces extreme rounding in bone remains
(Fernandez-Jalvo and Andrews 2016). In the sample studied here, this
rounding affects both articular and broken edges of most specimens of the
different types of osteoderms. Based on the obtained results, it seems that
the edges of the broken osteoderms are more susceptible to being
modified.

Thinning is evident in both anterior and posterior margins of some
elongated (mobile and caudal) osteoderms, which represent less thick
zones. This attribute was used in other skeletal elements to differentiate
digestion (the edges of cancellous bone are thinner) and abrasion (the
edges of cancellous bone are thick and homogeneously rounded)
(Fernandez-Jalvo et al. 2014; Garcia-Morato et al. 2019).

Smoothing and polishing of the surface of osteological remains are other
characteristic modifications produced by digestion (Fernandez-Jalvo et al.
2014; Fernandez-Jalvo and Andrews 2016). In osteoderms, thinning,
smoothing, and polishing are represented in almost all the specimens of the
sample and affect different types of osteoderms similarly.

Digestive acids cause loss of bone tissue in osteoderms as has also been
observed in bone skeletal elements (Andrews 1990; Fernandez-Jalvo and
Andrews 2016). It is likely that the numerous external foramina,
perforations, and internal cavities that osteoderm have (plus breakage
produced during the ingestion) represent pathways that favor the access
and distribution of acids throughout the element. Some authors think that
the keratinous scale, when present, protects the exposed dorsal surface of
an osteoderm from the effects of the acids (Montalvo et al. 2007; Mondini
2017).

Most damaged osteoderms only show a slight degradation of the
compact bone, while several fixed and mobile osteoderms show a greater
intensity of damage that exposes cancellous bone. In mobile osteoderms in
which exposure of cancellous tissue is restricted to the articular portion, we
interpret that the keratinous scale remained for some time and protected the
dorsal surface of the ornamented portion. Degradation of tissues also
generates perforations in the transitional portion of mobile osteoderms,
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probably taking advantage of the lesser thickness of this sector and the
presence of internal cavities located there.

In some mobile osteoderms, extreme modification only left a thin layer
of compact bone corresponding to the dorsal surface of the ornamented
portion. In these cases, we believe that the keratinous scale protected the
dorsal surface of the ornamented portion and the degradation of the tissues
advanced from the ventral surface of the osteoderm, causing the loss of the
internal layer of compact bone and the middle layer of cancellous bone.

Variations in the degree of bone tissue modification could be related to
the proportions in which the diverse internal structures (e.g., compact
bone, glandular cavities, marginal follicle cavities, medullary cavities,
neurovascular ingressions; sensu Scarano et al. 2019, see above) are
represented in the different types of osteoderms. In this framework, based
on the values obtained by Scarano et al. (2019, fig. 4) for D. novemcinctus,
the greater degradation (both in number of affected specimens and in the
intensity of the process) observed in mobile osteoderms compared to fixed
osteoderms would be linked to lower proportions of compact bone and
higher proportions of internal cavities. Histotaphonomic studies currently
in progress may provide more detailed information about the changes that
occur at a microstructural level.

The ornamentation pattern of the dorsal surface of osteoderms is of great
diagnostic value in Cingulata, particularly for fossil representatives. In this
study, changes produced by digestive acids in the central and peripheral
figures, sulci, and foramina have been identified, all of them usually used
in species identification of fossil representatives. Although changes are
identified in both mobile and fixed osteoderms, the intensity is generally
higher in the former; in some specimens that displayed extreme
modification of the bone tissue, the original ornamentation pattern is
almost completely lost, making a reliable taxonomic assignment difficult.
Therefore, the modification of original features may lead to taxonomic
misinterpretations. This is the first description of the different modifica-
tions generated in the ornamentation of cingulate osteoderms as result of
the digestive process.
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Cingulate osteoderms are generally found isolated in the archeological
and paleontological records, which increases difficulties in the interpre-
tation of their possible origins. Thus, without a taphonomic study that
supports the anatomical analysis, it is possible to fall into the mistake of
thinking that the observed features are the original ones when, in fact, they
represent modified patterns caused by post-mortem modifications.

Taphonomic studies including cingulate osteoderms recovered from
modern and fossil accumulations produced by predators are scarce
(Montalvo et al. 2007, 2016; Ballejo et al. 2012, 2022; Lopez et al.
2021; Alvarez et al. 2022). Nevertheless, the brief descriptions of the
different attributes identified in these works coincide with the results
obtained herein. Some of the highlighted issues include rounding of edges,
polishing, presence of large holes, intense loss of bone tissue, and absence
of tooth marks. In particular, Montalvo et al. (2007) and Alvarez et al.
(2022) mentioned different degrees of digestion in osteoderms of the
euphractin armadillos Chaetophractus sp. and Zaedyus pichiy respectively
obtained from P. concolor scats, with effects ranging from negligible (i.e.,
fully intact) to highly polished and limited to areas of cancellous bone. On
the other hand, since these works were mainly focused on identifying the
category of predator, there are no specific references to the changes in the
ornamentation pattern.

The sample analyzed herein also reflects a clear variability in the
modification suffered by D. novemcinctus osteoderms that pass through
the digestive tract of P. concolor. Variations recorded among the different
types of osteoderm are related to their particular anatomical characteristics
(see above); these differences were not described in previous taphonomic
studies that included cingulate osteoderms (Montalvo et al. 2007; Alvarez
et al. 2022; Ballejo et al. 2022). Even the same type of osteoderm displays
differences in a single scat, which indicates a differential response to
digestion. These observations, especially in mobile and fixed osteoderms,
are relevant for analyses of fossil cingulates, since both types of
osteoderms commonly form the basis for taxonomic studies.

It is expected that the interpretations proposed here of the changes
produced by digestion cannot be totally extrapolated to accumulations
where other cingulate taxa are recorded, even if the producer was P.
concolor, since there are differences in the size, shape, ornamentation
pattern, and structural characteristics between osteoderms of different
lineages. This situation has been proposed for other skeletal elements that
also respond differentially to digestive action according to the taxonomy
(i.e., rodent molariforms; Andrews 1990; Fernandez-Jalvo and Andrews
2016; Fernandez et al. 2017; Montalvo and Fernandez 2019). Finally, it
should also be considered that the processes of both ingestion and
digestion vary among the diverse predators that feed on Dasypus
novemcinctus (see above), so it is expected to record different taphonomic
responses in the osteoderms.

Implications of Digestive Modifications for Taxonomic Analyses:
Coprolites from the Middle Miocene of La Venta (Colombia)

Carlini et al. (1997) recognized a new fossil species of Astegotheriini
(Dasypodidae), Nanoastegotherium prostatum, from the middle Miocene
(La Victoria and Villevieja formations, Honda Group) of the La Venta
locality (Colombia), based on isolated osteoderms obtained from three
coprolites (possibly from crocodiles, according to the authors, but without
further details). The material includes several fixed osteoderms (possibly
from pelvic buckler) and a single caudal sheath osteoderm (Carlini et al.
1997).

In an evolutionary context, Nanoastegotherium prostatum represents the
last record of the tribe Astegotheriini, an ancient lineage within dasypodid
armadillos, with most of its evolutionary history restricted to southern
South America. Carlini et al. (2014) highlighted the presence of one of the
oldest representatives of the Dasypodini tribe in the same locality,
Anadasypus hondanus, with which N. prostatum shares several features

(see Vizcaino 1994; Carlini et al. 1997; Castro 2014, 2015; Castro et al.
2014). Carlini et al. (1997) considered that “the presence of anterior and
lateral peripheral figures [identified by the authors in N. prostatum] heralds
the condition characteristic of the Dasypodini”.

Considering that osteoderms of N. prostatum come from carnivore
coprolites, we expect that modifications caused by digestion will be
present. Such modification would be even more pronounced if the
coprolites were produced by crocodiles, which generate an extreme degree
of degradation in ingested bone remains (Fisher 1981; Fernandez-Jalvo and
Andrews 2016). In this context, it is worth noting that the description of
this species includes features (see below) that, according to the results
obtained herein on D. novemcinctus osteoderms, may have been generated
by the action of digestive acids.

Osteoderms of N. prostatum show a morphological gradation from
specimens with a well-developed lageniform central figure to specimens
with very large foramina located in the central sulcus (absent in A.
hondanus) that, in some cases, occupy almost the entire exposed dorsal
surface (Carlini et al. 1997, fig. 13.1.A; Carlini et al. 2014); these latter
specimens were interpreted as part of a particular portion of the carapace
(middle axis or middle pelvic region sensu Carlini et al. 1997). As
mentioned above, digested osteoderms of D. novemcinctus show an
increase in foramen size compared to non-digested osteoderms; although
this modification is more evident in mobile osteoderms, it is also observed
in fixed osteoderms. In the case of fixed osteoderms, there are specimens
with no apparent change in foramen size (see Fig. 7B) and others with
remarkable enlargement (see Fig. 70).

Another characteristic of N. prostatum osteoderms is the presence of
main and radial sulci that are wider and deeper than in other representatives
of Astegotheriini (Carlini et al. 1997, fig. 13.1.A). Several of the digested
fixed and mobile osteoderms of D. novemcinctus show deepening and
widening of sulci with respect to non-digested osteoderms.

Finally, the absence of a longitudinal keel in the central figure (present
in A. hondanus but absent in 4. aequatorianus from the late Miocene of
Ecuador) was indicated as a feature of N. prostatum osteoderms (Carlini et
al. 2014). With respect to this point, it is important to note that: (1)
digestion generates smoothing of central and peripheral figures in
osteoderms of D. novemcinctus that modifies the original morphology;
and (2) states of this character (absence, presence, or development degree
of the keel) are quite variable among osteoderms of the same region of the
carapace in both extant and extinct Dasypodidae (D. Barasoain personal
observation 2021). Nanoastegotherium prostatum is represented by too
few materials to adequately evaluate these differences.

Other taphonomic features could not be evaluated in the fossil
osteoderms of N. prostatum since we were not able to study the original
material firsthand and the available images (Carlini et al. 1997, fig. 13.1.A)
do not provide further details. Carlini et al. (1997) highlighted the absence
of mobile osteoderms of N. prostatum in the recovered coprolites;
however, the D. novemcinctus sample studied herein reveals that the
representation of different types of osteoderms in scats is very variable.

The information available in previous works and the results obtained
herein indicate that: (1) remains of N. prostatum have only been recovered
from coprolites; (2) N. prostatum (the last representative of Astegotheriini)
is present in the same locality as 4. hondanus (the oldest representative of
Dasypodini), overlaps this species stratigraphically, and shares anatomical
characters at level of the carapace osteoderms; and (3) some of the
anatomical differences proposed to distinguish N. prostatum from A.
hondanus may be linked to modifications generated by the digestion
process in ingested osteoderms. Based on these points, we think that the
material attributed to N. prostatum could correspond to A. hondanus and
that a detailed taxonomic review of N. prostatum should be carried out to
test this hypothesis. Despite the fact that taphonomic analyses are not
usually considered in taxonomic studies, it is possible that these aspects
have not been considered in the previous works (e.g., Carlini et al. 1997,
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2014) since, as observed in the D. novemcinctus sample, fixed osteoderms
do not show an intense degree of modification.

CONCLUSIONS

This neo-taphonomic study provides new information about accumula-
tions of osteological remains formed by the Puma concolor, an important
top predator of the Americas. In this case, we improve characterization of
this felid as producer of small vertebrate accumulations based on the
analysis of several scat samples with Dasypus novemcinctus osteoderms.

This is a pioneering work in which the modifications in cingulate
osteoderms caused by digestion are described in detail for the first time.
Although osteoderms are found mostly isolated in late Cenozoic sites of
South America, paleontological and archeological record evidence that
cingulates were preyed upon (and their remains accumulated) by
carnivorous mammals (including humans) and diurnal birds of prey. The
development of this type of modern analog helps identify modifications
that different producers generate in this particular type of skeletal element
and, therefore, to identify fossil accumulations formed by predators and
differentiate them from those generated by other processes.

The importance of taphonomic studies to differentiate original features
of skeletal elements from post-mortem modifications is highlighted, since
it may prevent potential taxonomic and phylogenetic misidentifications.
This is particularly relevant for the study of fossil cingulates, because
features of the osteoderm ornamentation (e.g., figures, sulci, dorsal
foramina) that are frequently used to define and characterize taxa are
significantly altered by the digestion process. This observation highlights
the need to know with certainty the origin and taphonomic history of the
remains since, in the particular case of cingulates, taxonomic identification
also has biostratigraphic, paleoecological, paleoenvironmental, and
paleobiogeographical implications. This study also lays the groundwork
for analyzing the fossil record of these peculiar “armored” xenarthrans
from other perspectives.

ACKNOWLEDGMENTS

We acknowledge the Delegacion Regional NEA de la Administracion de
Parques Nacionales for permission to perform research at the Parque Nacional
Mburucuya, and to rangers V. Sotelo, N. Insaurralde, M. Bormioli, A. Vallejos,
and A. Robledo for their help in fieldwork. We also thank the Establecimiento
Las Marias for authorization to perform research in their properties and for
logistical support. We are indebted to M. Rolon, A. Azcarate, and G. Villordo
for their help in obtaining armadillo carapaces and puma scats. G. Villordo also
provided the carapace image in Figure 4. We are very grateful to D. Croft and D.
Gillette for their valuable help with English edition. We thank the editor and two
anonymous reviewers for their useful comments on the manuscript. This work
was supported by projects PGI 24 H/154 (Universidad Nacional del Sur), G21
(Universidad Nacional de La Pampa), and PUE-CONICET 229 20180100001.
SGM has a predoctoral grant financed by the Universidad Complutense de
Madrid and Banco Santander (CT42/18-CT43/18).

REFERENCES

ALVARF_Z, M.A., KaurmanN, C.A., MASSIGOGE, A., ALCARAZ, A.P, OcHoa, A., AND GATICA,
A., 2022, Taphonomic signature and diet of Puma (Puma concolor): study of bones
recovered in scats from Sierra de las Quijadas National Park (San Luis, central
Argentina): Historical Biology, doi: 10.1080/08912963.2022.2132158.

ANDREWS, P., 1990, Owls, Caves and Fossils. Predation, Preservation, and Accumulation of
Small Mammal Bones in Caves, with the Analysis of the Pleistocene cave Faunas from
Westbury-sub-mendip, Somerset, UK: Natural History Museum Publications, London,
231 p.

ARBOUR, VM. aND CURRIE, PJ., 2012, Analyzing taphonomic deformation of ankylosaur
skulls using retrodeformation and finite element analysis: PLoS ONE, v. 7, ¢39323, doi:
10.1371/journal.pone.0039323.

Barieso, F., FERNANDEZ, FJ., aND DE Santis., L.J.M., 2012, Tafonomia de restos Oseos
provenientes de egagropilas de Coragyps atratus (jote de cabeza negra) En el Noroeste

Downloaded from http://pubs.geoscienceworld.org/sepm/palaios/article-pdf/38/1/31/5771217/i1938-5323-38-1-31.pdf
bv lIniversidad Combplutense de Madrid user

de la Patagonia Argentina: Revista del Museo de Antropologia, v. 5, p. 213-222, doi: 10.
31048/1852.4826.v5.n1.9141.

Batreso, E, HADLER, P, CHErEM, JJ., BuENo, L., MacHADO, J.S., MATARRESE, A.B., AND
FErNANDEZ, F.J., 2022, The first fossil record of a bone assemblage accumulated by New
World vultures (Gruta Do Presépio, Holocene, Southern Brazil): Boreas, v. 51, p. 684—
697, doi: 10.1111/bor.12579.

BarasoalN, D., Zurita, A.E., Crort, D., MonTaLvO, C.1., CoNTRERAS, V.H., MNo-BoILINI,
A.R., aND Tomassing, R.L., 2022, A new glyptodont (Xenarthra: Cingulata) from the late
Miocene of Argentina: new trails on the oldest extra-Patagonian radiation in southern
South America: Journal of Mammalian Evolution, v. 29, p. 263-282, doi: 10.1007/S10
914-021-09599-W.

BEHRENSMEYER, A.K., KipweLL, S.M., anp Gastarpo, R.A., 2000, Taphonomy and
Paleobiology: Paleobiology, v. 26, p. 103—147, doi: 10.1017/s009483730001143x.

Branp, L.R., Hussey, M., aND TavLOR, J., 2003, Taphonomy of freshwater turtles: decay
and disarticulation in controlled experiments: Journal of Taphonomy, v.1, p. 233-245.

CarLiNg, ALA., CastrRo, M.C., MaDDEN, R.H., AND SciLLato-Yang, G.J., 2014, A new
species of Dasypodidae (Xenarthra: Cingulata) from the late Miocene of Northwestern
South America: implications in the Dasypodini phylogeny and diversity: Historical
Biology, v. 26, p. 728-736, doi: 10.1080/08912963.2013.840832.

Caruing, ALA., VizcaiNo, S.F., anDp Scirato-Yaneg, G.J., 1997, Armored xenarthrans: a
unique taxonomic and ecologic assemblage, in R.F. Kay, R.H. Madden, R.L. Cifelli, and
J.J. Flynn (eds.), Vertebrate Paleontology in the Neotropics. The Miocene fauna of La
Venta, Colombia: Smithsonian Institution Press, Washington, p. 213-226.

Castro, M.C., 2014, Revision, morfologia, filogenia y evolucion de los Dasypodini
(Xenarthra, Cingulata, Dasypodidae): Unpublished Ph.D. thesis, Facultad de Ciencias
Naturales y Museo, Universidad Nacional de La Plata, La Plata, 295 p.

Castro, M.C., 2015, Sistematica y evolucion de los armadillos Dasypodini (Xenarthra,
Cingulata, Dasypodidae): Revista del Museo de La Plata, v. 15, p. 1-50.

Castro, M.C., CARLINI, A.A., SANCHEZ, R., AND SANCHEZ-VILLAGRA, M.R., 2014, A new
Dasypodini armadillo (Xenarthra: Cingulata) from San Gregorio Formation, Pliocene of
Venezuela: affinities and biogeographic interpretations: Naturwissenschaften, v. 101, p.
77-86, doi: 10.1007/s00114-013-1131-5.

Erremoy, LA., 1940, Taphonomy: new branch of Paleontology: Pan American Geologist, v.
74, p. 81-93.

FEno, A, PartersoN, B.D., aND CORDEIRO-ESTRELA, P., 2018, Taxonomic revision of the
long-nosed armadillos, Genus Dasypus Linnaeus, 1758 (Mammalia, Cingulata): PloS
One, v. 13, €0195084, doi: 10.1371/journal.pone.0195084.

Feno, A., ViLeLa, JE, CHeENG, J.,, ScHeETino, M.A., CommBra, R.T.F, Bonvicino, C.R.,
Santos, ER., PartersoN, B.D., anD CoRDEIRO-ESTRELA, P, 2019, Phylogeny and
molecular species delimitation of long-nosed armadillos (Dasypus: Cingulata) supports
morphology-based taxonomy: Zoological Journal of the Linnean Society, v. 186, p. 813—
825, doi: 10.1093/zoolinnean/zly091.

FErRNANDEZ, F.J., MoNTALVO, C.1., FERNANDEZ-JALVO, Y., ANDREWS, P., AND LOPEZ, JM., 2017,
A re-evaluation of the taphonomic methodology for the study of small mammal fossil
assemblages of South America: Quaternary Science Reviews, v. 155, p. 37-49, doi:
10.1016/j.quascirev.2016.11.005.

FERNANDEZ-JALVO, Y. AND ANDREWS, P, 2016, Atlas of taphonomic identifications. 1001+
Images of Fossil and Recent Mammal Bone Modification: Vertebrate Paleobiology and
Paleoanthropology Series, Springer, Dordrecht, 359 p.

FERNANDEZ-JALVO, Y., ANDREWS, P, SeviLLA, P, aAND ReQuUEIO, V., 2014, Digestion versus
abrasion features in rodent bones: Lethaia, v. 47, p. 323-36, doi: 10.1111/let.12061.
FisHer, D.C., 1981, Crocodilian scatology, microvertebrate concentrations, and enamel-less

teeth: Paleobiology, v. 7, p. 262-275, doi: 10.1017/s0094837300004048.

GARCiA-MORATO, S., MARIN-MoONFORT, M.D., AND FERNANDEZ-JALvO, Y., 2019, Rolling
bones: a preliminary study of micromammal abrasion on different initial taphonomic
stages: Palaeontologia Electronica, v. 22, p. 1-16, doi: 10.26879/974.

GiBg, G.C., ConpaMINE, EL., Kuch, M., ENk, J., MorAEs-BARROS, N., SUPERINA, M., POINAR,
H.N., anp DELsuc, E, 2016, Shotgun mitogenomics provides a reference phylogenetic
framework and timescale for living xenarthrans: Molecular Biology and Evolution, v. 33,
p. 621-642, doi: 10.1093/molbev/msv250.

GILLREATH-BROWN, A. AND PERES, T.M., 2018, An experimental study of turtle shell rattle
production and the implications for archacofaunal assemblages: PLoS ONE, v. 13,
€0201472, doi: 10.1371/journal.pone.0201472.

Haurtier, L., BiLLet, G., DE Thoisy, B., anp DeLsuc, F, 2017, Beyond the carapace: skull
shape variation and morphological systematics of long-nosed armadillos (Genus
Dasypus): Peer], v. 5, €3650, doi: 10.7717/peerj.3650.

Heprick, B.P. AND DopsoN, P., 2013, Lujiatun Psittacosaurids: understanding individual and
taphonomic variation using 3D geometric morphometrics: PLoS ONE, v. 8, €69265, doi:
10.1371/journal.pone.0069265.

HiLt, R.V,, 2006, Comparative anatomy and histology of xenarthran osteoderms: Journal of
Morphology, v. 267, p. 1441-1460, doi: 10.1002/jmor.10490.

Hockerr, B., 2018, Taphonomic comparison of bones in mountain lion scats, coyote scats,
golden eagle pellets, and great-horned owl pellets: Quaternary International, v. 466B, p.
141-144, doi: 10.1016/j.quaint.2016.02.033.

Kammerer, C.F., DeutscH, M., Lunamus, LK., aND ANGIELczYK, K.D., 2020, Effects of
taphonomic deformation on geometric morphometric analysis of fossils: a study using
the dicynodont Diictodon feliceps (Therapsida, Anomodontia): Peer], v. 8, €9925,
doi:10.7717/peerj.9925.



42 R.L. TOMASSINI ET AL.

Kaurmany, C., 2016, Analisis tafonomico de una asociacion faunistica generada por
pequefios carnivoros de la Region Pampeana: Intersecciones en Antropologia, v. 17, p.
363-373.

Krmprotic, C.M., Ciancio, M.R., CarLini, A.A., CastrRo, M.C., Scarano, A.C., AND
Barserro, C.G., 2015, Comparative histology and ontogenetic change in the carapace of
armadillos (Mammalia: Dasypodidae): Zoomorphology, v. 134, p. 601-616, doi: 10.100
7/s00435-015-0281-8.

Lorez, J.M., GIARDINA, M., AND OtaoLa, C., 2021, Analisis tafondmico de restos dseos de
fauna recuperados en heces actuales de puma (Puma concolor) en las tierras bajas del
Centro Occidente Argentino: implicancias arqueoldgicas y paleoambientales: II Taller de
discusion y actualizacion: Tafonomia actualistica: metodologia y aplicaciones
arqueoldgicas, Universidad Nacional de Cérdoba, Ongamira, Abstracts, p. 13—14.

Loughry, W.J. aND McDonouch, C.M., 2013, The Nine-Banded Armadillo: A Natural
History: University of Oklahoma Press, Norman, p. 344.

Louchry, W.J., McDonouGH, C., AND ABBA, A.M., 2014, Dasypus novemcinctus: The
TUCN Red List of Threatened Species, €. T6290A47440785, doi: 10.2305/I[UCN.UK.201
4-1.RLTS.T6290A47440785.en.

Lyman, R.L., 1994, Vertebrate Taphonomy: Cambridge University Press, Cambridge, 524 p.

MCcBEE, K. AND BAKER, R.J., 1982, Dasypus novemcinctus: Mammalian Species, v. 162, p.
1-9.

Monbing, M., 2017, Carnivore taphonomy in South America: a review of actualistic studies
and their implications in the southern Neotropics: Historical Biology, v. 30, p. 774-785,
doi: 10.1080/08912963.2017.1319831.

Monbint, M. AND MuRoz, S., 2008, Pumas as taphonomic agents: a comparative analysis of
actualistic studies in the Neotropics; Quaternary International, v. 180, p. 52-62, doi:
10.1016/j.quaint.2007.08.013.

Montarvo, C.I. aND FErRNANDEZ, EJ., 2019, Review of the actualistic taphonomy of small
mammals ingested by South American predators. Its importance in the interpretation of
the fossil record: Publicacion Electronica de la Asociacion Paleontologica Argentina, v.
19, p. 18-46, doi: 10.5710/PEAPA.11.03.2019.275.

MonTaLvo, C.1., FERNANDEZ, EJ. GALMES, M.A. SANTILLAN, M.A., AND CEREGHETTI, J., 2016,
Crowned solitary eagle (Buteogallus coronatus) as accumulator of armadillo osteoderms
in the archaeological record? An actualistic taphonomic study for central Argentina:
Quaternary International, v. 391, p. 90-99, doi: 10.1016/j.quaint.2015.08.017.

MontaLvo, C.1., PEssivo, M.E. anp GonzALEz, V.H., 2007, Taphonomic analysis of remains
of mammals eaten by pumas (Puma Concolor, Carnivora, Felidae) in central Argentina:
Journal of Archaeological Science, v. 34, p. 2151-2160, doi: 10.1016/j.jas.2007.02.012.

PEREDA-SUBERBIOLA, X., ASTIBIA, H., MURELAGA, X., ELORZA, J.J., AND GOMEZ-ALDAY, J.J.,
2000, Taphonomy of the Late Cretaceous dinosaur-bearing beds of the Lafio Quarry
(Iberian Peninsula): Palacogeography, Palacoclimatology, Palacoecology, v. 157, p. 247—
275, doi: 10.1016/S0031-0182(99)00169-8.

R Core Team, 2022, R: A language and environment for statistical computing: R
Foundation for statistical computing, Vienna, Austria, http://www.R-project.org, checked
January 2022.

ScaraNo, A.C., Ciancio, M.R.. BARBEITO-ANDRES, J., BArRBEITO, C.G., AND KrRMPOTIC, C.M.,
2019, Micromorphology of osteoderms in Dasypodidae (Cingulata, Mammalia):
characterization and 3D-reconstructions: Journal of Morphology, v. 281, p. 258-272,
doi: 10.1002/jmor.21096.

STINER, M.C., MUNRO, N.D., AND SaNz, M., 2012, Carcass damage and digested bones from
mountain lions (Felis concolor): implications for carcass persistence on landscapes as a
function of prey age: Journal of Archaeological Science, v. 39, p. 896-907, doi: 10.1016/
j-jas.2011.10.020.

Tomassing, R.T., MonTaLvo, C.I., BEILINSON, E., BarAsoAIN, D., Scumipt, G.1., CERDENO, E.,
Zurita, AE., Bonmng, R., MmNo-BoiLing, A.R., Rasia, L.L., AND GaspariNI, G.M., 2023,
On the validity of the Macrochorobates scalabrinii Biozone (early Huayquerian Stage/
Age, late Miocene). Multi-proxy analysis of the enigmatic Arenas Blancas site (Buenos
Aires Province, Argentina): Andean Geology, v. 50, doi: 10.5027/andgeoV50n1-3459.

TscHore, E., Russo, J., aNnp Dzewmskl, G., 2013, Retrodeformation as a test for the validity of
phylogenetic characters: an example from diplodocid sauropod vertebrae: Palacontologia
Electronica, v. 16, p. 1-23, doi: 10.26879/312.

Vickaryous, M.K. anp Hart, B.K., 2006, Osteoderm morphology and development in the
nine-banded armadillo Dasypus novemcinctus (Mammalia, Xenarthra, Cingulata):
Journal of Morphology, v. 267, p. 1273-1283, doi: 10.1002/jmor.10475.

Vizcaino, S.F, 1994, Sistematica y anatomia de los Astegotheriini Ameghino, 1906 (nuevo
rango) (Xenarthra, Dasypodidae, Dasypodinae): Ameghiniana, v. 31, p. 3—13.

WETZEL, R.M., GARDNER, A.L., REDFORD, K.H., AND EISENBERG, J.F., 2007, Order Cingulata,
in A.L. Gardner (ed.), Mammals of South America, Vol. 1—Marsupial, Xenarthrans,
Shrews, and Bats: The University of Chicago Press, Chicago, p. 128-157.

ZARACHO, E.M., CHATELLENAZ, M., MULLER, G., VILLORDO, G., AZCARATE, A., AND ORDANO,
M., 2017, Dieta de Puma concolor en dos areas de la provincia de Corrientes, Argentina:
XXX Jornadas Argentinas de Mastozoologia, Abstracts, p. 208.

ZURiTA, A.E., CuaprELLl, F, Tomassini, R.L., DE Los Reves, M., Luna, C., anp ToriNo, P,
2017, On the status of “Urotherium antiquum” (Ameghino) (Xenarthra, Glyptodonti-
dae): Comptes Rendus Palevol, v. 16, p. 303-311, doi: 10.1016/j. crpv.2016.08.008.

ZUriTA, A.E., TaGLiORETTI, M., DE Los REvEs, M., CuapreLLl, E, anp Poirg, D., 2016,
Regarding the real diversity of Glyptodontidae (Mammalia, Xenarthra) in the late
Pliocene (Chapadmalalan Stage/Age) of Argentina: Anais da Academia Brasileira de
Ciencias, v. 88, p. 809-827, doi: 10.1590/0001-3765201620150113.

Received 14 August 2022; accepted 29 November 2022.

Downloaded from http://pubs.geoscienceworld.org/sepm/palaios/article-pdf/38/1/31/5771217/i1938-5323-38-1-31.pdf
bv lIniversidad Combplutense de Madrid user



