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A new species of dasypodid armadillo (Xenarthra, Cingulata), Anadasypus aequatorianus, from the late Miocene of
Ecuador is described. The remains were collected in sediments of the Letrero Formation, Nabon Basin, which is part of
several intermontane basins related to Andean uplift. The genus represents the oldest record of Dasypodini, which also
encompasses Propraopus (Pleistocene—early Holocene) and Dasypus (?Miocene—Recent). The new species is based on
several osteoderms, which show more derived features than Anadasypus hondanus, from the middle Miocene of Colombia.
In order to test the affinities of A. aequatorianus within Dasypodini, we conducted a cladistic analysis of 24 morphological
characters for 10 taxa. The most parsimonious tree supports the generic attribution of the new species and places Anadasypus
basal to Propraopus and Dasypus, agreeing with the stratigraphic evidence. The faunas from tropical Andean areas differ
noticeably from the better-known assemblages of the classic South American sequences. In the case of dasypodines, their
geochronological distribution shows that they were historically restricted to tropical and subtropical environments and the
main cladogenetic events of the group probably occurred at lower latitudes. In this context, the taxon described herein fills

important temporal and geographic gaps of early Neogene armadillos from intertropical areas.
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1. Introduction

The Dasypodinae armadillos (Cingulata, Dasypodidae) are
the oldest known xenarthrans, dating back to the early
Paleogene of Brazil (Scillato-Yané 1976; Oliveira and
Bergqvist 1998; Bergqvist et al. 2004) and Argentina
(Ameghino 1902; Simpson 1948; Tejedor et al. 2009; Carlini
et al. 2010). They are subdivided into Astegotheriini
(Itaboraian—Laventan South American Land Mammal Ages
— SALMAs), Stegotheriini (Casamayoran—Friasian sensu
lato SALMAs) and Dasypodini (Laventan SALMA-
recent). The latter group corresponds to one of the most
basal lineages (Gaudin and Wible 2006; Delsuc et al. 2012),
and includes Dasypus Linnaeus, 1758, Propraopus Ame-
ghino, 1881 and Anadasypus Carlini, Vizcaino and Scillato-
Yané, 1997 (Carlini et al. 1997). McKenna and Bell (1997)
also included Dasypodon Castellanos 1925 (Pleistocene of
Bolivia) within Dasypodini, but it actually corresponds to an
Euphractinae, as pointed out by Marshall and Sempere
(1991) and Carlini and Scillato-Yané (1999). The osteoderms
of Dasypodini are characterised by the morphology of the
peripheral figures of movable osteoderms (which suggests
the presence of triangular epidermal scales with a posteriorly
directed apex partially covering two adjacent osteoderms),

and double line of osteoderms composing each ring of the
caudal tube (Vizcaino 1990; Carlini et al. 2008).
Nowadays, the long-nosed armadillo Dasypus is the most
diverse extant xenarthran, with seven species (Wilson and
Reeder 2005), and the most widespread species, ranging from
40°N to 40°S in the American continent (Wetzel 1985; Aguiar
and da Fonseca 2008). The genus is recorded in the late
Miocene of Argentina (Dasypus neogaeus, Mesopotamian,
Huayquerian SALMA; Scillato-Yané 1982; Scillato-Yané
et al. in press), but it is based on a single movable osteoderm
that shows derived features, probably coming from upper
(Pleistocene) deposits of the profile. Besides that, the oldest
records of Dasypus are from the late Pliocene in North
America (D. bellus, Blancan NALMA ; Webb 2006) and from
the late Pleistocene in South America (D. punctatus and
D. novemcinctus, Lujanian SALMA; Scillato-Yané 1982;
Castro et al. 2013). Fossils attributed to Propraopus are
known from the Pleistocene—early Holocene of South
America (Ensenadan—Lujanian SALMAS), but its specific
composition has long been debated (Hoffstetter 1952, 1958;
Paula-Couto 1979, 1982; Scillato-Yané 1982; Rincén et al.
2008; Oliveira and Pereira 2009; Castro et al. 2013).
Presently, Anadasypus has a single nominal species, A.
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hondanus, and is the oldest known member of the tribe, dating
back to the middle Miocene of Colombia (Carlini et al. 1997).

Living dasypodids show greater diversity in the forests
and savannas of the equatorial tropics (Wetzel 1985),
leading to the hypothesis that their major cladistic events,
including the origin of Dasypodini, took place within
tropical environments of South America (Scillato-Yané
1986; Vizcaino 1990; Carlini et al. 2010; Ciancio et al.
2013). Also, the environmental conditions in the tropics
would have been less affected by climatical zonation,
evident in southern South America during the Miocene
(Tauber 1997; Ortiz-Jaureguizar and Cladera 2006 and
references therein).

In the comparative description of A. hondanus, Carlini
et al. (1997) mentioned another species from Ecuador,
which was first cited by Carlini et al. (1989). Here, we

formally name and describe this new species of
Anadasypus from the late Miocene of Ecuador and
compare it with other Dasypodini. The new species is
based on osteoderms, elements more frequently preserved
as fossils and that historically underlie the systematics of
cingulates (e.g. Ameghino 1902; Simpson 1948; Hoff-
stetter 1958; Scillato-Yané 1982; Vizcaino 1994; Carlini
et al. 1997, 2010). In addition, osteoderms are being
recently included in phylogenetic studies, proving in many
cases to be essential to investigate relationships among
taxa (Abrantes and Bergqvist 2006; Croft et al. 2007;
Ciancio 2010; Castro et al. 2013).

The material assigned to the new species was collected
in sediments of Letrero Formation, in the south of Nabon
Basin (Figures 1 and 2), which is part of several Miocene
intermontane basins related to Andean uplift in southern

Cuenca
Basin

3°S—

Nabén
Basin

W basin-fill sediments

[Isaraguro Fm.

79"IW

Figure 1. Nabon Basin, Ecuador. Upper, map showing location; lower, general photo of the fossil locality (facing South). Sediments of
Saraguro Formation surround the Miocene basins Girén, Nabon and Cuenca.
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Figure 2. Geochronology of Nab6n Basin compared with other
Miocene sequences of South America. Black dots, Ar/Ar dates;
black triangles, K/Ar dates (modified from Madden et al. in
preparation).

Ecuador (see Hungerbiihler et al. 2002 and references
therein for a revision). The basin-fill series consist both of
primary and reworked material derived from coeval
volcanoes and adjacent metamorphic basement rocks
(Hungerbiihler et al. 1995). The Letrero Formation is
composed of lacustrine sediments with strong fluvial clastic
input and contains siltstones and fine-grained sandstones,
probably indicating a period of decreased tectonic and
volcanic activity (Hungerbiihler et al. 1995, 2002).
Combined zircon fission-track (ZFT) and paleomagnetic
data suggest that most of it was formed in a relatively short
time period in the late Miocene, and specifically for the
Letrero Formation, ZFT yielded 9.0 = 1.4 Ma (Hunger-
biihler et al. 1995). With respect to the fossil fauna, in
contrast to the better-known Quaternary (Wolf 1892;
Spillman 1931; Hoffstetter 1952; Edmund 1965), the
records of mammals in the Tertiary of Ecuador are scarce: a
toxodontid from the Biblian Formation (Repetto 1977) and
a caviomorph rodent from in the vicinity of Nabon
(Anthony 1922; Candela and Nasif 2006).

2. Materials and methods

The remains of the new species were collected approxi-
mately 2 km south-east of Nabon in the uppermost part of
the Letrero Formation (Nab6n Basin, Azuay Province) in
1987, during an expedition of researchers from Duke
University and Escuela Politécnica Nacional. The termi-
nology to describe the morphology and ornamentation of
osteoderms follows recent works on closely related taxa
(Hill 2006; Krmpotic et al. 2009; Castro et al. 2013). With
respect to the taxonomy of Dasypodini, we primarily
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assume that Propraopus grandis and P sulcatus are valid,
although a study by some of the authors favours the
synonymisation of both species (Castro et al. in press).

Comparisons were based mostly on direct observations,
but also on published accounts. Material deposited in the
following institutions was analysed: AMNH, American
Museum of Natural History; MEPN, Museo de Historia
Natural ‘Gustavo Orcés’; Escuela Politécnica Nacional,
Quito, Ecuador; IGM, INGEOMINAS, Bogota, Colombia;
MACN, Museo Argentino de Ciencias Naturales ‘Bernar-
dino Rivadavia’, Buenos Aires, Argentina; MCN, Museu
de Ciéncias Naturais, Fundagdo Zoobotanica do Rio
Grande do Sul, Porto Alegre, Brazil; MLP, Museo de La
Plata, La Plata, Argentina; MNRJ, Museu Nacional, Rio de
Janeiro, Brazil. The examined material that provided the
main basis for comparison is as follows: Nanoastegother-
ium prostatum, IGM 183912 (holotype); A. hondanus, IGM
183499 (holotype), 183320, 183448, 183722, 183862; D.
punctatus: MN 552-V, MCN-PV 009, 014; D. hybridus:
MLP 1-1-03-65, 1-1-03-67, 1-1-03-69, 1-1-03-70, 3-X-94-3,
3-X-96-1; D. kappleri: MZUSP 8950, 24798, AMNH
136251, 136253, 267011, 76573; D. novemcinctus: MCN-
MA 99, 986, 2788, 2836, 3021, MZUSP 7996, 10431,
13800, 13801, 20189; D. septemcinctus: MZUSP 5111,
8111, 19983, 19984; P. grandis: MACN 1610, 1630, 7027,
17989, MACN-A 1170, 10989, 11108, MLP 58-1X-3-26,
69-1X-9-9, 90-V-1-4; P. sulcatus: photos in Winge (1915:
pl. V.3, 4).

3. Systematic paleontology
Xenarthra Cope, 1889
Cingulata Illiger, 1811
Dasypodidae Gray, 1821
Dasypodinae Gray, 1821
Dasypodini Gray, 1821
Anadasypus Carlini, Vizcaino and Scillato-Yané, 1997

Type species. Anadasypus hondanus Carlini, Vizcaino and
Scillato-Yané, 1997.

Included species. The type species and the species
described herein.

Diagnosis (emended from Carlini et al. 1997). Size
similar to D. novemcinctus. At least six movable bands
(7 in Propraopus, 6—11 in Dasypus). Quadrangular to
hexagonal buckler osteoderms (commonly hexagonal in
Propraopus and Dasypus); 6.5-9.5mm long and 6-
7.5 mm wide, with an approximately lageniform (bottle
shaped) main figure; two to five foramina in the principal
sulcus, which is restricted to the anterior half of the
osteoderm (sub-circular principal sulcus in Propraopus
and Dasypus, never reaching the posterior margin); three
anterolateral peripheral figures (three to six anterior,
lateral and posterior peripheral figures in Propraopus and
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Figure 3. Osteoderms of A. aequatorianus. (A) Buckler osteoderms; (B) movable osteoderms.

Dasypus). Movable osteoderms 25-33 mm long and 6—
9 mm wide with sub-rectangular main figure; three to five
foramina in each sulcus delimiting the main figure (two to
four in Propraopus, three to nine in Dasypus), and one or
two foramina in the posterior margin (generally three in
Propraopus and four in Dasypus). Caudal tube composed
of rings with two rows of osteoderms without peripheral
figures (peripheral figures present in the anterior row of
each caudal ring in Propraopus and Dasypus).

Anadasypus aequatorianus sp. nov. (Figure 3)

Differential diagnosis. Movable and buckler osteoderms
with smooth main figures, lacking a longitudinal keel
(present in A. hondanus); four or five foramina in the
principal sulci of movable osteoderms (three or four in

A. hondanus); buckler osteoderms with main figure less
lageniform than in A. hondanus (Figure 4).

Derivation of name. Derived from the country of origin,
Ecuador.

Holotype. MEPN 4363, 12 movable, 1 semi-movable and
10 buckler osteoderms of the carapace of a single
individual.

Referred material. The holotype and MEPN 4361, three
fragmentary movable osteoderms, also from RHM
Locality 4.

Occurrence. RHM Locality 4, Tambo Viejo, Letrero
Formation, Nabon Basin, about 2 km south-east of Nabon,
Azuay Province, Ecuador (approximately 3°20'S and
79°03'W) (Figure 1).

3.1 Comparative description

Size comparable to A. hondanus and D. novemcinctus. As
in other cingulates, the buckler osteoderms have variable

@@j@

A. hondanus

|

D. novemcinctus

A. aequatorianus

Figure 4. (A) Carapace fragments of A. hondanus; (B) schematic line drawings of buckler and movable osteoderms of A. hondanus, A.

aequatorianus and D. novemcinctus.
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morphology, depending upon their position on the
carapace. Their surface is smooth and the borders are
dentate and somewhat concave, except for the posterior
border, which is convex and rounded. Although some are
clearly hexagonal, most are quadrangular; in this matter,
Anadasypus differs from both Dasypus and Propraopus,
which have mostly hexagonal and clearly isodiametrical
buckler osteoderms. The main figure is delimited by a
shallow principal sulcus and pierced by several small
foramina. Four to six (generally four) foramina occur on
the principal sulcus, inclusive at the intersection with the
radial sulci. These separate three anterior peripheral
figures, which laterally occupy only the anterior half of the
osteoderm. On the posterior margin, there are up to 11
foramina, much smaller than those of Dasypus (probably
neurovascular). The buckler osteoderms of A. aequator-
ianus have a less lageniform (i.e. the neck of the bottle-
shaped figure is wider), resulting in a more isodiametrical
main figure than A. hondanus and lack the longitudinal
keel on the main figure. Their size is approximately 6.5—
9.5 mm long, 6.0—7.5 mm wide and 2.9—4.1 mm thick.
The exposed part of movable osteoderms is smooth and
presents a triangular to lageniform main figure, with a very
elongated neck. On the posterior third of the main figure,
there are two parallel longitudinal lines of small foramina, as
in Dasypus and Propraopus. Two shallow sulci separate the
main figure from the two thin lateral peripheral figures.
Approximately at the posterior fourth of the main figure,
these sulci reach the lateral margin of the osteoderm and run
contiguous with it until the posterior margin of the
osteoderm. In each sulcus, there are four to five foramina,
as large as those of the buckler osteoderms, and the most
posterior one occurs by the lateral margin of the osteoderm.
Along the posterior margin of the osteoderms, there is a non-
aligned series of small neurovascular foramina; one or two
larger foramina may occur at the intersection of the principal
sulci with the posterior border. This pattern differs from that
of the species of Dasypus, which have approximately four
large foramina, two of which at the intersection with each
principal sulcus, and also differs from the pattern of
Propraopus, which usually displays three foramina, one
central and two laterals, at the intersection with each sulcus.
The surface of the peripheral figures is wrinkled. The lateral
margins are dentate, except for the anterior overlapping
articulation. The depression between the anterior articulation
and the ornamented portion shows some delicate grooves and
commonly a central foramen. The movable osteoderms are
approximately 27.5-33.0 mm long, 6.3—9.0 mm wide and
3.7—-4.2 mm thick at the overlapping anterior articulation.
The semimovable osteoderm, from the nuchal region, is
12.0mm long, 8.2mm wide and 4.2mm thick. This
osteoderm is most probably from the right side of the
carapace, the left margin being bevelled towards the inside,
and the right towards the outside. It displays six large
foramina in the sulci surrounding the main figure (four in

Historical Biology 5

the right and two in the left sulcus). The posterior margin is
concave, in the form of a trough or groove. The anterior
overlapping articulation is very short and rounded.

3.2 Phylogenetic affinities of A. aequatorianus

To test the affinities of A. aequatorianus within the tribe,
we conducted a phylogenetic study presented below
(Appendices 1 and 2). The outgroup taxon is Nanoast-
egotherium, a derived Astegotheriini from the middle
Miocene of La Venta, whereas ingroup taxa represent
Dasypodini. Most characters are based on a previous
analysis (Castro et al. 2013), and six new characters (19—
24) were added. Ten are related to the cranial anatomy and
14 are related to the osteoderms; five characters were
defined as multistate. With the maximum parsimony
criterion, an exact analysis was conducted using TNT 1.1
(Goloboff et al. 2008). With multistate characters treated
as non-additive, one most parsimonious tree (MPT) was
found (tree length = 34; Figure 5). Considering these
characters as additive, we found two MPTs that preserve
the positions of the genera, differing on the relationship
among D. punctatus, D. kappleri and D. novemcinctus.
This analysis implies that: (1) the three known genera of
Dasypodini (Anadasypus, Propraopus and Dasypus) are
supported by apomorphic characters; (2) Anadasypus is
more basal than Propraopus and Dasypus, in concordance
with the stratigraphic evidence and (3) the sister—taxon
relationship of A. hondanus and A. aequatorianus
indicates that the attribution of the former to genus
Anadasypus is correct.

4. Discussion and conclusion

Although the fact that the material from Ecuador is not
abundant, it clearly represents a distinct species, using the
same criteria that demarcate living species of Dasypus
with respect to the morphology of the osteoderms. The
genus Anadasypus was recognised as the potential
structural ancestor of Propraopus and Dasypus (Vizcaino
1990; Carlini et al. 1997). Anadasypus also shares
similarities with the Astegotheriini: the buckler osteo-
derms lack posterolateral and posterior peripheral figures,
which are present in Dasypus and Propraopus (Carlini
et al. 1997). In A. hondanus, the main figure of buckler
osteoderms is somewhat lageniform and displays a
longitudinal keel, as in some Astegotheriini. On the
other hand, the few osteoderms available for A.
aequatorianus are more isodiametrical and lack that
keel, as in the species of Dasypus and Propraopus.

Other undescribed cingulates recovered in the same
locality are a new Lomaphorini glyptodont, based on
poorly preserved portions of the carapace, and a new basal
Hoplophorini glyptodont, which preserves osteoderms and
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Figure 5. MPT resulting from the cladistic analysis of Dasypodini. The most relevant morphology for each genus in the comparisons is
shown on the right side. Apomorphic characters are found in each node according to the numbers assigned in Appendix 2. Chronological

distribution of taxa is represented by black rectangles.

cranial remains. Material assigned to a new caviomorph, a
new toxodont, and a litoptern were also collected in this
locality (AAC and RHM, personal observation).

Comparisons among the cingulates of Letrero
Formation (see Carlini et al. 1989) and the known
temporal span of their sister-taxa elsewhere in South
America support a late Miocene correlation. It indicates
that Letrero Formation postdates the middle Miocene
fauna of La Venta, with possible correlations with the late
Miocene ‘Mayoan’ and Chasicoan SALMAs (Zarate et al.
2007; De luliis et al. 2008). Also, the age estimations for
the Letrero Formation predominantly confirm that the
mammals from this stratum are younger than those of the
Laventan SALMA.

The faunas from tropical Andean areas are very
different from others in South America, sharing no species
and few genera with well-known assemblages from classic
sequences in Patagonia and elsewhere (Kay et al. 1997;
Flynn and Wyss 1998; Croft 2007). It suggests that the
biogeographical provinciality of modern South America
was present at least as early as 13 Mya (Madden et al.
1997; Croft et al. 2007). Despite some recent work (Carlini
and Scillato-Yané 1999; Carlini et al. 2008; Ciancio et al.
2013), Paleogene and Miocene dasypodids from tropical
and subtropical areas are still scarce, as most remains
come from the Argentinean Patagonia. Consequently, the
taxon described herein helps to fill a void. In the Miocene
of Patagonia, Euphractini and Eutatini occur along with
Peltephilidae and Stegotheriini during the mid Miocene;

those taxa are absent in Colombia and Ecuador (Carlini
et al. 1997). On the other hand, Astegotheriini,
Tolypeutinae and Dasypodini are exclusively recorded in
low latitudes during that time (Carlini et al. 1997). It is also
interesting to note that Nanoastegotherium, the latest
record of Astegotheriini, is present in the same locality
where Dasypodini is first recorded.

Anadasypus hondanus and A. aequatorianus occur in a
geographically distant region from that of the oldest
records of Dasypus and Propraopus. Despite that range, an
analysis of the geochronological distribution of Dasypo-
dinae shows that the group was restricted to tropical and
subtropical environments. At present, Dasypus occupies
distinct biomes in a wide range of latitudes in the
American continent (Wetzel 1985; Aguiar and da Fonseca
2008), suggesting that its distribution is more limited by
temperature and humidity than vegetal matrix. Also, the
diversity and the size of the taxon increase at lower
latitudes (Wetzel 1985).
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Appendix 1

List of character and character states used in the cladistic
analysis. Characters 1-18 are reproduced or modified from
Castro et al. (2013).

(1) Condylobasal length (mm): <78 [0]; 78—111
[1]; 111-160 [2]; over 160 [3].

(2) Relative position of infraorbital foramen versus
anterior border of the lacrimal: infraorbital
foramen anterior [0]; both at same position or
infraorbital foramen posterior [1].

(3) Dorsal contour of the rostrum in lateral view:
nearly straight [0]; sigmoid [1].

“4)

(&)
(6)

(7
®)
€))

(10)

(11)

(12)

(13)

(14)

15)

(16)

)

(18)

(19)
(20)
2n

(22)

Length of upper tooth row (with all molariforms
erupted) in relation to the maxillary length at
ventral midsagittal line: <60% [0]; 60—-70%
[1]; over 70% [2].

Posterior palatal border: long and narrow [0];
long and broad [1]; short and broad to straight [2].
Posterior palatal angle (measured between the
posterior-most point of the interpalatine suture
and the posterior-most medial free border of the
palate): <80° [0]; over 80° [1].

Posterolateral border of palate strongly keeled:
absent [0]; present [1].

Condition of palatine: with longitudinal wrinkle
and lateral narrowing [0]; completely flat [1].
Length of infraorbital canal in relation to antero-
posterior dimension of lacrimal: < 40% [0];
40-60% [1]; over 60% [2].

Width of temporal fossa in relation to cranial
width at the level of the frontoparietal suture:
< 9% [0]; 9% and over [1].

Foramina in principal sulcus of buckler osteo-
derms: restricted to cranial half [0]; all over the
sulcus [1].

Remarkably large foramina in principal sulcus of
buckler osteoderms: absent [0]; present at least in
some [1].

Number of foramina in the principal sulcus of
buckler osteoderms: never > 5 [0]; at least some
osteoderms with >5 [1].

Foramina in the principal sulcus of buckler
osteoderms: never in the intersection with the
radial sulcus [0]; at least some osteoderms with
one or more foramina in the intersection with the
radial sulcus [1].

Principal sulci in ornamented portion of movable
osteoderms: anteriorly free in all osteoderms [0];
anteriorly connected in some osteoderms [1].
Foramina anterior to principal sulcus/sulci in
ornamented portion of movable osteoderms: absent
[0]; present in at least some osteoderms [1].

Total number of foramina in the principal sulcus/
sulci of movable osteoderms: never >7

[0]; at least some osteoderms with >7 and <13
[1]; at least some osteoderms with >13 [2].
Number of piliferous foramina in the posterior
border of movable osteoderms: never >3 [0]; at
least some osteoderms with 4 or more [1].
Longitudinal keel in the main figure of osteo-
derms: absent [0]; present [1].

Contour of main figure of buckler osteoderms:
approximately lageniform [0]; subcircular [1].
Outer contour of buckler osteoderms commonly:
quadrangular [0]; hexagonal [1].

Rounded posterior border of buckler osteoderms:
absent [0]; present [1].
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(23)

(24)

Distribution of peripheral figures in buckler
osteoderms: only anterior and lateral [0]; anterior,
lateral and posterior [1].

Sulci in the movable osteoderms: diverging
and becoming confluent with the lateral margin
[0]; reaching the posterior border of the
osteoderm [1].
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Character—taxon matrix used in the cladistic analysis. (?),

missing data.

N. prostatum

A. hondanus

A. aequatorianus
P. grandis

P. sulcatus

D. punctatus

D. hybridus

D. kappleri

D. novemcinctus
D. septemcinctus

27222222222

3077100000
2922922922

2012101177
0101000011
2110211111
1111210011
0101770021

01017272700
0001010010
0001010000
0100001001
0100001001
1011112101
1011111101
1011121101
1011111101
20?1?720101

000?
0101
0101
1010
1210
1010
1010
1010
1010
1010




