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Evidence for advanced carnivory in fossil armadillos 
(Mammalia: Xenarthra: Dasypodidae) 

Sergio E Vizcaino and Gerardo De Iuliis 

Abstract.-The euphractine Macroeuphractus outesi, from the late Pliocene Chapadmalalan SALMA 
of Buenos Aires Province, Argentina, is one of the largest dasypodids known. Its skull preserves 
features remarkable for an armadillo. Its complete dental arcade and large caniniform teeth have 
received attention in the literature as indicative of scavenging behavior. This report considers the 
degree of carnivory within the context of the generally omnivorous feeding behavior of euphractine 
armadillos through morphological and biomechanical analyses. Morphological analyses reveal that 
the main differences between M. outesi and other euphractines are the enlargement of the cranium, 
particularly of the temporal fossa; more prominent muscular scars for origin of the temporalis mus- 
cle; a more expanded rostrum, particularly in dorsoventral height; a more powerful anterior den- 
tition, especially in the great enlargement and caniniform modification of M2; and a deeper and 
more robust zygomatic arch. Biomechanical analyses indicate that the moment arm of the tempo- 
ralis musculature is greater than that recorded for other armadillos. These analyses indicate that 
the temporalis was probably larger and played a more important role in Macroeuphractus than in 
other euphractines, a pattern that is more usual for carnivorous mammals. Combined with the 
second upper molariform, which is caniniform, the features suggest that Macroeuphractus occupied 
an extreme position in the carnivorous-omnivorous feeding behavior of euphractines. Its large size 
indicates that it could have easily preyed on hare-sized vertebrates. 
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Introduction 

The pig-sized Macroeuphractus outesi Ameghi- 
no is one of the largest armadillos (Dasypodi- 
dae) known. It is known only from the late Pli- 
ocene (Chapadmalalan SALMA) of Buenos 
Aires Province, Argentina. Lydekker's (1894) 
misinterpretation of its geographic and strati- 
graphic provenance was corrected by Ameg- 
hino (1895; see also Scillato-Yane 1980). Al- 
though its remains are scarce, the skull and 
some postcranial elements preserve several 
remarkable features. Two other species are 
known for the genus: M. retusus, from the late 
Miocene-Pliocene (Huayquerian, Monteher- 
mosan, and Chapadmalalan SALMAs) in- 
cludes a mandible; M. moreni, from the late 
Miocene and Pliocene (Huayquerian SALMA 
in northwest Argentina and probably Mon- 
tehermosan SALMA in Bolivia [Castellanos 
1947, 1958; Mones and Mehl 1990]) includes a 
skull. 

Scillato-Yand (1980) placed Macroeuphractus 

and 11 other genera in the tribe Euphractini 
(sensu Simpson 1945), which includes the ex- 
tant Euphractus, Chaetophractus, and Zaedyus. 
Engelmann's (1985) phylogenetic analysis of 
the Xenarthra (Fig. 1A) united the armadillos 
(except the eutatines and pampatheres) in the 

Dasypoda on the basis of the presence of sim- 
ple teeth that are oval in section, and the as- 

sumption that lobate dentition is primitive for 

cingulates. Within the Dasypoda he recog- 
nized the Dasypodidae, as modified from 

Simpson's classification (1945), and the Eu- 
phracta as sister taxa. The Euphracta coin- 
cides nearly with the Euphractini of Scillato- 
Yand (1980, 1986) and includes Macroeuphrac- 
tus. Engelmann (1985) noted that this is a fair- 

ly uniform morphological group, with most of 
the similarities being plesiomorphic, although 
its members share the presence of an ossified 
bulla with a characteristic configuration. 

In a recent analysis based on features of the 
exoskeleton, Carlini and Scillato-Yane (1996) 
proposed that, within the euphractines, Ma- 
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Dasypoda Glyptodonta 

Dasypodidae Euphracta 

A 

Macroeuphractus Euphractus Zaedyus Chaetophractus 

B 
FIGURE 1. Phylogenetic relationships of Macroeuphractus with other armored xenarthrans. A, Following Engelmann 
(1985). B, Following Carlini and Scillato-Yan6 (1996). 

croeuphractus is related to the Chorobates, Ma- 
crochorobates, and Proeuphractus clade (Fig. 1B). 
They also stated that this group represents a 
radiation independent from that of the living 
genera and that they lived in temperate to 
warm environments of central and northern 
Argentina. 

Patterson and Pascual (1972: p. 266) stated 
that Macroeuphractus "is outstanding, not only 
for its size but for its closed dentition with in- 
cisiform and large caniniform teeth. It may 
have been primarily a scavenger." This hy- 
pothesis is tested here through biomechanical 
analysis and comparison with living relatives. 
Analyses were conducted on the composite 
masticatory apparatus composed of the skull 
of M. outesi and the dentary of M. retusus (Figs. 
2, 3). The use of a composite is required be- 
cause neither species is known from both skull 
and dentary. In addition, possible phyloge- 
netic constraints imposed on the evolution of 
the masticatory apparatus of Macroeuphractus 
are discussed. 

Armadillos were common elements of 
South American Cenozoic faunas and among 
the successful wave of immigrants into North 
America during the Great American Biotic In- 
terchange, the intermingling of southern and 
northern faunas following emergence of the 
Panamanian Land Bridge about 3 million 

years ago. With over 100 species named (Scil- 
lato-Yand 1980), the fossil armadillos attained 
a much greater diversity than the living rep- 
resentatives (about 25 species [Wetzel 1985]). 
Different authors have proposed that either in- 

sectivory (e.g., Patterson and Pascual 1972; 
Webb 1985) or omnivory (Smith and Redford 
1990) was the primitive feeding pattern of ar- 
madillos. Several clades, such as the peltephi- 
lines, eutatines, and pampatheres, have been 

recognized as herbivores. Peltephilus was tra- 

ditionally considered a carnivore but was 
demonstrated to have been herbivorous by 
Vizcaino and Farifia (1997). This leaves Ma- 
croeuphractus, one of the largest armadillos re- 
corded except for pampatheres, as the only 
probable member of the Cingulata (and pos- 
sibly all armored mammals) specialized for 

carnivory. 

Materials and Methods 

Acronyms and Abbreviations (see Appendix 
for list of specimens studied) 

FMNH: Field Museum of Natural History, 
Chicago, U.S.A. 

MACN: Museo Argentino de Ciencias Natur- 
ales "Bernardino Rivadavia," Buenos Aires, 
Argentina 

MLP (DCPV): Museo de La Plata, Departa- 

FIGURE 2. Skull of Macroeuphractus outesi (MLP 69-IX-9-3) in lateral (A), dorsal (B), and occlusal (C) views (from 
Lydekker 1894). A larger temporal fossa is due mainly to anterior and posterodorsal expansion of the parietals and 
posterior expansion of the squamosal, particularly as compared with Euphractus. Also, the temporal lines converge 
much more abruptly than in other cingulates and extend into a stout, rugose, and posteriorly rising sagittal crest, 
whereas the cranial profile is nearly horizontal in other cingulates. The massive, robust arch is intermediate between 
those of Euphractus and pampatheres. 
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