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The Dasypodidae is the most widespread
family of the order Xenarthra, occurring from the
US to Argentina (Emmons and Feer 1990, Nowak
1991, Eisenberg and Redford 1999).  In Brazil,
where 10 armadillo species have been recorded,
several species may occur in a given area
(Emmons and Feer 1990, Eisenberg and Redford
1999).  The Cerrado is the 2nd largest Brazilian
biome in area (Eiten 1993) and has been predict-
ed to harbor 8 armadillo species: Cabassous
unicinctus, C. tatouay, Dasypus kappleri, D.
novemcinctus, D. septemcinctus, Euphractus sex-
cinctus, Priodontes maximus, and Tolypeutes
tricinctus (Anacleto et al. 2006).  However,
because most of these species are fossorial and
nocturnal, we still know little about their biology

and ecology in this region.
Knowledge of the food items and feeding

habits of mammal species is essential to under-
standing their evolutionary, ecological, and behav-
ioral responses to the environment and to other
species (Ewer 1973, Dietz 1987, Law and
Blackford 1992, Johnson et al. 1996).  Several
techniques have been developed to study the diet
of mammals (Dickman and Huang 1988, Sikes et
al. 1990, Farfán and Milón 2001).  The analysis of
stomach contents has often been used in studies
of armadillo feeding habits, especially for D.
novemcinctus (Clark 1951, Breece and Dusi 1985,
Wirtz et al. 1985, Sikes et al. 1990).  Although pro-
viding estimates of prey consumed, the deaths of
the organisms due to collection may have a poten-
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tial negative impact on endangered or threatened
species.  Thus, stomach analyses might not be the
ideal choice for Brazilian species.  Instead, analy-
sis of feces may be more appropriate.  Studies
based on scatology have increased in number
since the 1970s (Putman 1984, Kohn and Wayne
1997) and have become more sophisticated with
the development of new chemical (Major et al.
1980, Fernandez et al. 1997) and molecular (Reed
et al. 1997) techniques.

Armadillos show great dietary variation,
including carnivore-omnivores, generalist insecti-
vores, and specialist insectivores (Redford 1985).
Numerous studies have examined the food habits
of Dasypodidae species (Baker 1943, Wirtz et al.
1985, Szeplaki et al. 1988, Sikes et al. 1990,
Bolkovic et al. 1995), but almost exclusively in
North America.  Similar studies conducted in the
Cerrado are rare (Guimarães 1997, Anacleto and
Marinho-Filho 2001, Bonato 2002), despite the
high diversity of armadillo species found there
(Anacleto et al. 2006).  Priodontes maximus, D.
novemcinctus, E. sexcinctus, and Cabassous
unicinctus are sympatric throughout most of their
geographic distributions (Emmons and Feer 1990,
Eisenberg and Redford 1999), including the
Cerrado.  The aims of this study were to collect
fecal samples from these 4 species to verify if
feces vary among species (in size, odor, or consis-
tency) and to examine the food habits and inter-
specific variations in the diets.  Food habits were
determined from analysis of the frequency and bio-
mass of consumed prey.  Results are discussed in
terms of the sympatric occurrence of these
armadillo species in the Cerrado.

MATERIALS AND METHODS

Study area

This study was conducted in a floodplain
located between the hydrographic basins of the
das Mortes and Araguaia Rivers, in the western
Cerrado of Brazil (Fig. 1).  Landscapes in this
floodplain are typical of the Cerrado region, with
mosaics of forest, savanna, and grassland vegeta-
tion.  The climate is tropical, with 2 well-defined
seasons: a dry period (May-Oct.) and a rainy peri-
od (Nov.-Apr.).  The mean annual precipitation is
1400 mm, and the mean annual temperature is
25°C (Meteorological Station of Nova Xavantina,
Mato Grosso).  Nine private rural properties and a
governmental area (Araguaia State Park) were vis-

ited for sampling between Apr. and Oct. 2004.

Feces collection and analyses

Collection of feces occurred in 3 situations. 1)
Walking along linear transects, set in forest,
savanna, and grassland vegetation.  In total, 139
transects (259 km) were walked.  Identification of
the species which produced a given feces was
based on evidence found along transects, such as
tracks and burrows, that were unique to each
species.  2) Occasionally capturing free-living
armadillos, which were released after having defe-
cated.  3) Discovering dead armadillos.  On 2
parcels of private rural property, 1 E. sexcinctus
and 1 D. novemcinctus were found dead (probably
killed by a vehicle) on a road, near a transect.  In
both cases, fecal pellets were collected from the
intestines.

Feces was initially placed in paper envelopes
for temporary storage.  In the laboratory, the feces
was dried for 24 h at 60°C then measured (width
and length) and weighed.  Subjective assessments
of odor and consistency were also recorded.
Afterwards, a sample (2 pellets) was randomly

Fig. 1. Location of the study area, in the Cerrado of Mato
Grosso state, Brazil. The nine private properties and Araguaia
State Park are shown (  ).
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selected.  The choice of 2 pellets per individual
was made because this was the smallest observed
sample along the study, so sampling efforts could
be easily standardized.

Each sample was stored in water for 24 h and
later washed through a 2 mesh sieve (1.0- and 0.8
mm diameters) and a paper filter.  Fecal compo-
nents retained by the mesh were separated while
being viewed through a stereomicroscope.  They
were then identified to the lowest taxonomic level
possible and counted.  Plant fragments were sepa-
rated out.  These, along with other very fragment-
ed or digested components, and soil particles
retained by the paper filter, were air-dried for 10 d
before being weighed.

Items found in the feces were identified by
specialists (see“Acknowledgments”).  Prey were
identified by the body part most-often retained in
samples.  Termites and ants were counted based
on the numbers of cephalic capsules.  For other
items, the most resistant part that permitted taxon
identification was considered 1 individual per sam-
ple.  A rib bone led to the identification of an
Anuran, while scales led to the identification of a
Lacertilia specimen.  I did not attempt to identify
vegetal items, which consisted mainly of pulp,
fruits, seeds, and pieces of leaves.  Instead, just
the dry weight of this material was recorded.  The
same was done for soil particles (which also con-
tained very fragmented or much-digested compo-
nents).  The weights of soil particles were repre-
sented by average values for individual samples
for each species.

The frequency of occurrence (fo) of each food
item was calculated based on the total number of
samples.  The relative frequency (fr) was calculat-
ed in relation to the total quantity of items ingested.
I also estimated the total biomass of each prey
type that was consumed.  Biomass values of indi-
vidual prey items were based on literature data
(Redford and Dorea 1984, Motta-Junior 1996,
Guimarães 1997, Granzinolli 2003) and experts’
opinions.  In the case of the unidentified Anuran
and Lacertilia species, the body mass of a small-
sized species often found in the study area was
considered.  The total biomass ingested was then
calculated by multiplying the minimal number of
prey ingested by the estimated biomass of each
(Emmons 1987).

To verify variations in the diets of armadillos,
a correspondence analysis was performed.  Prey
were divided into 5 groups: arachnids, insects,
Chilopoda, other invertebrates, and vertebrates.
The biomass of each group was used in the analy-

sis.  This analysis was performed using Statistica
6.0 (StatSoft 2001).  This program produces a dia-
gram in which food items and armadillo species
are simultaneously ordered.

Niche overlap was estimated using 4 different
data: the proportion of items consumed, the bio-
mass of items consumed, the proportion of items
in groups, and the biomass of items in the groups.
The groups were the same ones used in the corre-
spondence analysis.  Pianka

,
s index (Gotelli and

Graves 1996) was calculated in each case.  This
index is symmetrical, and its values lie between 0
and 1.  Low values indicate low overlap between
the diets of 2 species, while higher values indicate
more-complete overlap (Gotelli and Graves 1996).

RESULTS

In total, 22 fecal samples were found.  Most
(14) were collected on trails or in burrows.  Six
were obtained from live animals, and 2 from dead
ones.  Of these 22 samples, 3 were not examined
because identification of the armadillo species was
uncertain.  These unexamined fecal samples were
fragmented (probably by other animals) and locat-
ed far from burrows and tracks.  Thus, 19 samples
of 4 species were examined: P. maximus (n = 8),
E. sexcinctus (n = 8), D. novemcinctus (n = 2), and
C. unicinctus (n = 1).  Most fecal samples (62.5%)
were found at burrow entrances or on associated
excavated soils.  Other fecal samples were found
along trails of each species (25.0%) or at foraging
excavations (12.5%).

Feces characterization

Only fecal samples of P. maximus (n = 8) and
E. sexcinctus (n = 2) were characterized (Table 1).
Others fecal samples of E. sexcinctus, D. novem-
cinctus, and C. unicinctus were collected from
dead or captured animals.  They are not described
because their shape, consistency, and odor might
have been considerably modified, making charac-
terization inadequate.

Diet composition

In total, 21 categories of food items were
found in the diet of the 4 species studied (Table 2).
They comprised 4 insect orders (Coleoptera,
Hymenoptera, Isoptera, and Orthoptera), 2
Arachnida (Araneae and Acarina), 2 unidentified
classes of Miriapoda (Chilopoda), and 2 orders of
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vertebrates (Anura and Squamata).
Euphractus sexcinctus had the most diverse

diet (15 types of food items).  Items with a higher
frequency of occurrence in its diet were
Hymenoptera (fo = 87.5%, n = 7) and Coleoptera
(fo = 62.5%, n = 5).  Fecal samples of E. sexcinc-
tus were the only ones to contain vertebrates.

Priodontes maximus consumed 8 types of food
items, with higher frequencies of Hymenoptera
(fo = 100%, n = 8) and Isoptera (fo = 87.5%, n =
7).  Eight food items were found in the feces of D.
novemcinctus.  Hymenoptera, Isoptera, and
Coleoptera were found with equal frequencies of
occurrence (fo = 100%, n = 2).  This species con-
sumed a high diversity of Isoptera (5 species).
The only fecal sample of C. unicinctus had 4 food
items, with a predominance of termites (fr =
99.0%).

Hymenoptera and Isoptera were the preferred
prey of all armadillo species.  Priodontes maximus
and E. sexcinctus consumed high numbers of
Hymenoptera.  The other species basically con-
sumed Isoptera.  In relation to the consumed bio-
mass, Coleoptera specimens were part of the diet
of 3 species, but were predominant only in that of
D. novemcinctus.  Cornitermes predominated the
diets of P. maximus and C. unicinctus, while
Lacertilia represented most of the biomass con-
sumed by E. sexcinctus (Table 2).

Table 1. Feces description of 2 armadillo species
found in the Cerrado area of Mato Grosso State,
Brazil.  Values within brackets are standard devia-
tion

Characteristic Priodontes maximus Euphractus sexcinctus

Width (mm) 14.7 (± 1.7) 15.0 (± 1.5)
Length (mm) 22.7 (± 3.0) 20.0 (± 1.3)
Weight (g) 2.8 (± 0.9) 2.3 (± 0.8)
Consistency firm fragile
Odor weak strong
Site of burrow entrances and excavated soils and

deposition excavated soils along trails

Table 2. Relative frequency (Fr%) and biomass (Bp%) of prey consumed by armadillos in the
Cerrado area of Mato Grosso State, Brazil

Item Priodontes maximus Euphractus sexcinctus Dasypus novemcinctus Cabassous unicinctus
(n = 8) (n = 8) (n = 2) (n = 1)

Fr% Bp% Fr % Bp% Fr% Bp% Fr% Bp%

Invertebrates
unidentified 0.0 0.0 0.7 > 0.1 0.0 0.0 0.0 0.0
unidentified egg 0.2 > 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Acarina 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.3
Araneae 0.0 0.0 0.4 0.7 0.0 0.0 0.0 0.0
Coleoptera

unidentified 0.1 4.9 1.0 3.6 1.1 71.3 0.0 0.0
Scarabaeidae 0.1 6.2 0.7 3.1 0.0 0.0 0.0 0.0

Hymenoptera
unidentified 0.0 0.0 0.4 0.1 0.0 0.0 0.0 0.0
Formicidae 56.8 27.5 72.8 1.9 32.6 16.5 0.0 0.0

Isoptera
unidentified 0.0 0.0 0.0 0.0 22.3 3.8 86.5 42.5
Anhangatermes 0.0 0.0 0.0 0.0 6.5 0.8 0.0 0.0 
Coptotermes 0.1 > 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Cornitermes 36.8 60.6 17.4 1.6 0.5 0.9 11.5 56.7
Nasutitermes 0.7 0.2 0.0 0.0 14.7 3.7 0.0 0.0
Rhynchotermes 0.0 0.0 0.4 > 0.1 6.0 1.0 1.0 0.5
Velocitermes 5.2 0.6 2.4 > 0.1 16.3 2.0 0.0 0.0

Lepidoptera 0.0 0.0 0.7 1.8 0.0 0.0 0.0 0.0
Orthoptera 0.0 0.0 0.7 2.2 0.0 0.0 0.0 0.0
Other Insecta 0.0 0.0 0.7 > 0.1 0.0 0.0 0.0 0.0
Chilopoda 0.0 0.0 0.7 1.8 0.0 0.0 0.0 0.0
Anura 0.0 0.0 0.4 9.2 0.0 0.0 0.0 0.0
Lacertilia 0.0 0.0 0.7 73.9 0.0 0.0 0.0 0.0
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Euphractus sexcinctus consumed food items
with a substantial range in weight (1.1-20,000 mg).
Priodontes maximus and D. novemcinctus fed on
small prey (< 1000 mg) (Fig. 2).  Prey weighing
between 1.0 and 10.0 mg were the most abundant
in all diets.

The correspondence analysis showed the
existence of interspecific variations in the diet of
the species selected (Fig. 3).  The Eigenvalues of
the 2 main axes were 99.86% and 0.14% of the
variance of the prey biomass.  This analysis sepa-
rated E. sexcinctus from the other species.
Vertebrate, Chilopoda, and arachnids were clearly
separated from other prey categories.

Niche overlap varied according to the mea-
sure used.  Using the relative frequency of prey
(not grouped), niche overlap was highest between
P. maximus and E. sexcinctus (0.94).  This
occurred due to similar consumption of Formicidae
and Cornitermes by both species.  When the prey
were grouped, overlap was high between all
species (0.99), due to intense ingestion of insects
by all species.  Using biomass (categories not
grouped), overlap was highest between P. max-
imus and C. unicinctus (0.72), mainly due to a high
consumption of Cornitermes.  When the biomass
was grouped, overlap was high (1.0) for most pairs
of species.  The only exception was E. sexcinctus
(0.16), which consumed vertebrates.

Soil particles were found in all fecal samples.
Higher mean percentage values were found in the
feces of P. maximus (85%) and D. novemcinctus
(78%).  Values were slightly lower in E. sexcinctus
(62%) and C. unicinctus (63%).  Plant fragments
were found at low mean percentage values in 3
species: E. sexcinctus (18%), P. maximus (0.1%),
and D. novemcinctus (0.5%).  Plant resources
were not found in the feces of C. unicinctus.

DISCUSSION

Rather than killing animals and examining gut
contents, the collection of feces can be used to
assess armadillo diets, at a low cost and with mini-
mal technology.  Despite the small sample size in
this study, some valuable inferences may be
drawn about this relatively unstudied group.

Feces characterization

Feces of P. maximus had a firm consistency
and a weak acrid odor.  The surface was flat, and
ant, termite, and coleopteran remains could be

observed with the naked eye.  The odor was prob-
ably caused by formic acid, due to the predomi-
nance of termites and ants in the diet, while the
firm consistency may have resulted from the fre-
quent ingestion of soil.  Feces of E. sexcinctus had
a crumbly consistency and a strong odor (probably
due to a mix of formic acidic and decomposing
vegetal matter).  The surface was irregular and
plant particles could be observed.  It is known that
the consumption of leaves, shoots, and fruits pro-
duces soft, easily broken feces in tropical ecosys-
tems (Chame 2003).

In this study, fecal samples of P. maximus
were found on soil excavated from the burrow and
in intact areas, similar to findings in the eastern
Cerrado (Minas Gerais state, Anacleto and
Marinho-Filho 2001).  Such feces deposition is
likely a form of behavior related to territory or bur-
row demarcation.  Fecal samples of E. sexcinctus
were found spread along trails in open areas, but
feces of D. novemcinctus and C. unicinctus was
not.  Dasypus novemcinctus preferred closed
areas (forests), which made it difficult to find its
feces.  Cabassous unicinctus has strong fossorial
habits (Eisenberg and Redford 1999), and its feces
is probably deposited within its burrows.

Signs repeatedly left by armadillos need to be
associated with other evidence so that the species
can be identified.  The results obtained here
showed that feces might be just such evidence, in
addition to providing insights into aspects of
armadillo biology such as diet composition.

Diet composition

Although the studied species have different
fossorial (Vizcaíno et al. 1999) and foraging
(Redford 1985) habits, specimens of
Hymenoptera, Isoptera, and Coleoptera were the
most frequent prey in all diets.  Diets differed

Fig. 2. Biomass of prey consumed by Priodontes maximus
(n = 8), Euphractus sexcinctus (n = 8) and D. novemcinctus
(n = 2).
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among species, but diets of certain species pairs
overlapped more than others.

Digging behavior is part of the feeding strate-
gy of many armadillo species.  Dasypus novem-
cinctus is recognized as a generalist insectivore
(Redford 1985).  Based on 2 samples analyzed, its
diet included beetles, ants, and Isoptera.  Dasypus
novemcinctus consumed 5 different species of
termites.  Among these, Nasutitermes and
Velocitermes were dominant.  Nests of these 2 ter-
mite groups are easily opened (Negret and
Redford 1982), suggesting that D. novemcinctus
excavates nests to obtain its food.  These termites
have a chemical defense considered to repel
armadillos (Coles 1980).  It seems likely that, for
D. novemcinctus, the chemicals produced by
numerous nasute soldiers are easier to overcome
than the harder, much more-resistant nests typical
of large termites with a mandibulate defense.
Termites and ants are remarkably abundant in
South American regions, including the Cerrado
(Cavalcanti 1999).  Therefore, D. novemcinctus
seems to exploit prey that are readily available in
its habitat.

Priodontes maximus and C. unicinctus are
considered to be powerful diggers (Vizcaíno et al.
1999).  These 2 armadillo species, possessing
large falciform nails, consumed large amounts of
Isoptera.  Priodontes maximus consumed mostly

Cornitermes specimens (by frequency and bio-
mass), which are common in a wide range of habi-
tats in Brazil, including disturbed areas
(Constantino 1999).  Their nests are resistant
(Negret and Redford 1982) to being opened,
requiring considerable effort.  Considering these
prey categories, P. maximus seems to specialize
on prey more difficult to capture.  This strategy
was also previously noted (Barreto et al.1985,
Anacleto and Marinho-Filho 2001).  Cabassous
unicinctus consumed only termites, but
Cornitermes was not a major part of the diet.
Although only a single fecal sample of C. unicinc-
tus was available, it may be possible to make com-
parisons between P. maximus and C. unicinctus.
These 2 species displayed the greatest potential
for competition because they are in the same sub-
family (Tolypeutinae) (Delsuc et al. 2004), are
reported to be specialist insectivores (Redford
1985), and in this study, mostly consumed ter-
mites.  However, there seems to be some niche
separation in the species of termites utilized (Table
2).

Euphractus sexcinctus rarely digs (Vizcaíno et
al. 1999) and is considered a carnivore-omnivore
(Redford 1985).  The diet of this species was more
varied, including ingestion of anurans and lizards.
However, the predominance of Cornitermes might
be an indication of its good digging skills.  Some

Fig. 3. Correspondence Analysis showing the relation of armadillo species with the categories of pley biomass found in their feces. 
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terrestrial anurans (Brandão and Araújo 2001) and
lizards (Sluys 1992) can be found within termite
nests.  It is likely that the vertebrates found in the
diet of E. sexcinctus were captured during foraging
activities in termite nests.

The mean percentage value of soil particles
was high for all species.  The relatively higher
amounts of soil consumed by P. maximus and
D. novemcinctus likely result from their great pref-
erence for termites and ants, which might lead to
accidental ingestion of pieces of the nest.  As
E. sexcinctus also feeds on vertebrates and plants,
its contact with ant and termite nests might be
more limited.  However, geophagy (the intentional
ingestion of soil) might occur.  Numerous valuable
elements with nutritional properties (Reilly and
Henry 2000), antitoxins (Houston et al. 2001), and
high concentrations of sodium and potassium
(Aufreiter et al. 1997) are features of soil and, thus,
characteristic of ant and termite nests.  Whether
accidental or not, the ingestion of soil particles
might have costs as well as benefits.  For exam-
ple, armadillos inhabiting contaminated environ-
ments might be threatened by parasites, heavy
metals, or toxic agents present in the soil.

Only 2 species ingested plants.  The con-
sumption of vegetation by D. novemcinctus might
be related to seasonal variation in its diet or repre-
sent accidental ingestion.  Dasypus novemcinctus
actively eats fruit when available (Breece and Dusi
1985).  However, my study was restricted to the
dry period, when fruiting is low in the Cerrado.
Thus, the few plants found in the feces were prob-
ably consumed accidentally.  In contrast, plants
were important in the diet of E. sexcinctus, con-
firming previous studies (Schaller 1983, Bonato
2002, Anacleto pers. obs).

Methodologies measuring the frequency and
percentage volume of prey items have often been
used in studies of armadillo diets (Kalmbach 1944,
Schaller 1983, Redford 1985, Barreto et al. 1985,
Breece and Dusi 1985, Wirtz et al. 1985, Szeplaki
et al. 1988, Sikes et al. 1990).  However, assess-
ments of prey biomass may provide a better esti-
mate of the relative importances of different food
items.  Such analyses can be problematic though,
because they can overestimate the consumption of
a prey category, especially if ingestion of a whole
item is assumed from fragments found in the
feces.  In my study, only the diet of E. sexcinctus,
which often consumed relatively large prey, might
have been affected by this.  Therefore, analysis of
ingested biomass was considered useful in this
study.

Coleoptera, Isoptera, and Lacertilia represent-
ed most of the biomass consumed by D. novem-
cinctus, P. maximus, and E. sexcinctus, respec-
tively.  Prey represented by a few individuals might
be an important energy source for D. novemcinc-
tus and E. sexcinctus.  Although P. maximus
ingested relatively large amounts of Hymenoptera,
Cornitermes (Isoptera) was important in its diet.
This indicates that consuming prey occurring in
high numbers, but with little biomass, might repre-
sent an alternative foraging strategy.  The
approach based on biomass confirmed the trophic
classification obtained by other analyses.  The
high frequencies of termites and ants in the diets
of P. maximus, D. novemcinctus, and E. sexcinc-
tus highlight the ingestion of small prey items
(between 1.1 and 10.0 mg).

The correspondence analysis separated E.
sexcinctus from the others armadillos.  Dasypus
novemcinctus, P. maximus, and C. unicinctus were
clustered fairly closely to one another because
they basically consumed Isoptera and
Hymenoptera; they were classified as insectivores.
Euphractus sexcinctus was distant from the other
species due to its omnivorous-carnivorous habits.
These trophic categories agree with the classifica-
tion proposed by Redford (1985).

Niche overlap between these species was
principally due to the consumption of insects.
When the biomass of grouped categories was con-
sidered, only E. sexcinctus showed a smaller over-
lap with other species, due to its consumption of
vertebrates.  Nonetheless, given the extensive
overlap between certain species pairs, the ques-
tion becomes:  How do these sympatric species
manage to coexist ?

Formicidae and Cornitermes were consumed
in great quantities by P. maximus and E. sexcinc-
tus.  However, the 2 species may be able to coex-
ist because they forage in different habitats.
Euphractus sexcinctus is often found in native
open vegetation (Carter and Encarnação 1983)
and in disturbed areas, mainly exotic pastures
(Anacleto pers. obs).  Its home range is about 957
ha (Encarnação 1986).  Priodpntes maximus, the
largest living armadillo species, has a smaller
home range (of about 725 ha) (Encarnação 1986)
and is more often found in Cerrado areas covered
by native vegetation (Anacleto and Marinho-Filho
2001).  Similarly, although Isoptera was very
important in the diet of both D. novemcinctus and
C. unicinctus, D. novemcinctus consumed low
quantities of several different species while C.
unicinctus consumed high quantities of workers of
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a single, unidentified termite species (smaller than
Cornitermes).

Coleoptera, Hymenoptera, and Isoptera pre-
dominated in the diets of all species.  These are
abundant organisms (Borror and DeLong 1969,
Mill 1983, Domingos et al. 1986, Hölldobler and
Wilson 1990).  Predation on these social insects
might be advantageous, as they represent a con-
centrated and abundant food source.  Further, ter-
mite nests might harbor up to 14 termite species
(Domingos et al. 1986), as well as ants, spiders,
and scorpions (Domingos 1982).  Dasypus novem-
cinctus spends nearly 18 h a day sleeping and
resting.  It spends the remaining short period feed-
ing (McDonough and Loughry 1997).  The other
species in this study might show a similar strategy.
With the short time available to search for food
items, ingestion of the most abundant and avail-
able prey might be an adaptive foraging strategy
for these animals.

Acknowledgments: I wish to thank several peo-
ple that contributed to the completion of this study,
especially Diogo Andrade Costa and Divino
Brandão, Universidade Federal de Goiás (UFG).
Also, Dr. Luis R. Fontes, Superintendência de
Controle de Endemias de São Paulo (who identi-
fied Isoptera), Dr. Benedito Baptista dos Santos
and Pedro Batista da Silva, UFG (who identified
other invertebrates), and Cleber Miralha de
Oliveira, UFG (who identified vertebrates).  Profs.
Divino Brandão, Luis Maurício Bini, and Rogério
Bastos, UFG graciously provided access to their
laboratories and equipment.  I thank Dr. José
Alexandre F. Diniz-Filho, UFG, Dr. Darius Tubelis,
Universidade de São Paulo, and 3 anonymous
reviewers for constructive suggestions to this man-
uscript.  I received financial support from
Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES), Programa de
Qualificação Institucional (PQI), Brasília, Brazil.  I
am also grateful to the Universidade do Estado de
Mato Grosso, UNEMAT, for supporting my profes-
sional qualifications.

REFERENCES

Anacleto TCS, JAF Diniz-Filho, MVC Vital.  2006.  Estimating
potential geographic ranges of armadillos (Xenarthra,
Dasypodidae), in Brazil, under niche-based models.
Mammalia (in press.)

Anacleto TC, J Marinho-Filho.  2001.  Hábito alimentar do tatu-
canastra (Xenarthra, Dasypodidae) em uma área de cer-
rado do Brasil Central.  Revta. Bras. Zool. 18: 695-697.

Aufreiter S, RGV Hancock, WC Mahaney, A Stambolic-Robb, K
Sammugadas.  1997.  Geochemistry and mineralogy of
soils eaten by humans.  Int. J. Food Sci. Nutr. 48: 293-
305.

Baker RH.  1943.  May food habits of armadillos in eastern
Texas.  Am. Midl. Nat. 19: 379-380.

Barreto M, P Barreto, A D
,
Alessandro.  1985.  Colombian

armadil los: stomach contents and infection with
Trypanosoma cruzi.  J. Mammal. 66: 188-193.

Bolkovic ML, SM Caziani, SS Protomastro.  1995.  Food habits
of the three-banded armadillo (Xenarthra: Dasypodidae)
in the dry chaco, Argentina.  J. Mammal. 76:1199-1204.

Bonato V.  2002.  Ecologia e história natural de tatus do
Cerrado de It irapina, São Paulo (Xenarthra:
Dasypodidae).  Master

,
s thesis, Univ. Estadual de

Campinas, São Paulo.
Borror DJ, DM DeLong.  1969.  Introdução ao estudo dos inse-

tos. Rio de Janeiro: US Agency Iinternational
Development and Editora Edgard Blücher.

Brandão RA, AFB Araújo.  2001.  A herpetofauna associada às
matas de galeria no Distrito Federal.  In JF Ribeiro, CEL
Fonseca, JC Sousa-Silva, eds.  Cerrado: caracterização e
recuperação de matas de galeria.  Planaltina, Distrito
Federal, Brasília: Embrapa Cerrados, pp. 561-604.

Breece GA, JL Dusi.  1985.  Food habits and home ranges of
the common long-nosed armadillo Dasypus novemcinctus
in Alabama.  In GG Montgomery, ed.  Ecology of armadil-
los, sloths, and vermil inguas.  Washington, DC:
Smithsonian Institution Press, pp. 429-437.

Carter TS, CD Encarnação.  1983.  Characteristics and use of
burrows by four species of armadillos in Brazil.  J.
Mammal. 64: 103-108.

Cavalcanti RB.  1999.  Ações prioritárias para a conservação
da biodiversidade do Cerrado e Pantanal.  FUNATURA,
Conservation International, Fundação Biodiversitas, Univ.
de Brasília. Brasília, Distrito Federal: Ministério do Meio
Ambiente.

Chame M.  2003.  Terrestrial mammal faeces: a morphometric
summary and description.  Mem. Inst. Oswaldo Cruz 98:
71-94.

Clark WK.  1951.  Ecological life history of the armadillo in the
eastern Edwards plateau region.  Am. Midl. Nat. 46: 337-
358.

Coles HR.  1980.  Defensive strategies in the ecology of
neotropical termites.  PhD dissertation, Univ. of
Southampton, Southampton, UK. Yes. UK.

Constantino R.  1999.  Chave ilustrada para identificação dos
gêneros de cupins (Insecta: Isoptera) que ocorrem no
Brasil.  Pap. Avulsos de Zool. S. Paulo 40: 387-448.

Delsuc F, SF Vizcaíno, EJP Douzery.  2004.  Influence of
Tertiary paleoenvironmental changes on the diversification
of South American mammals: a relaxed molecular clock
study within xenarthrans.  BMC Evol. Biol. 2004, 4:11.

Dickman CR, C Huang.  1988.  The reliability of fecal analysis
as a method for determining the diet of insectivorous
mammals.  J. Mammal. 69: 108-113.

Dietz JM.  1987.  Grass roots of the maned wolf: Brazil
,
s long-

legged canid survives by its wits and omnivorous diet.
Nat. Hist. 96: 52-60.

Domingos DJ.  1982.  O ninho de Armitermes euamignathus
(Isoptera, Termitidae) características gerais, crescimento
e associações.  Ciên. Cult. 35: 783-789.

Domingos DJ, TMCM Cavenaghi, TA Gontijo, MA Drumond,
RCF Carvalho.  1986.  Composição em espécies, densi-
dade e aspectos biólogicos da fauna de térmitas de cerra-



da Silveira Anacleto -- Food Habits of Four Armadillo Species in Brazil 537

do em Sete Lagoas-MG.  Ciên. Cult. 38: 199-207.
Eisenberg JF, KH Redford.  1999.  Mammals of the Neotropics.

Vol. 3.  Chicago, IL: Univ. of Chicago Press.
Eiten G.  1993.  Vegetação do Cerrado.  In MN Pinto, org.

Cerrado. 2°ed.  Brasília, Distrito Federal, Brasília:
Editora Univ. de Brasília, pp. 17-73.

Emmons LH.  1987.  Comparative feeding ecology of felids in a
Neotropical rainforest.  Behav. Ecol. Sociobiol. 20: 271-
283.

Emmons LH, F Feer.  1990.  Neotropical rainforest mammals: a
field guide.  Chicago, IL: Univ. of Chicago Press.

Encarnação C.  1986.  Contribuição à biologia dos tatus
(Dasypodidae, Xenarthra) da Serra da Canastra, Minas
Gerais.  Master

,
s thesis, Univ. Federal do Rio de Janeiro.

Ewer RF.  1973.  The carnivores.  Ithaca, NY: Cornell Univ.
Press.

Farfán AC, PJ Milón.  2001.  Dieta del zorro andino
Pseudalopex culpaeus (Canidae) en el matorral desertico
del sur del Perú.  Rev. Ecol. Lat. Am. 8: 1-9.

Fernandez GL, JC Corley, AF Capurro.  1997.  Identification of
cougar and jaguar faeces through bile acid chromatogra-
phy.  J. wildlife Manage. 61: 506-510.

Gotelli NJ, GR Graves.  1996.  Null models in ecology.
Washington, DC: Smithsonian Institution Press.

Granzinolli MAM.  2003.  Ecologia alimentar do gavião-do-rabo-
branco Buteo albicaudatus (Falconiformes: Accipitridae)
no município de Juiz de Fora, sudeste do estado de
Minas Gerais.  Master

,
s thesis, Univ. de São Paulo.

Guimarães MM.  1997.  Área de vida, territorialidade e dieta do
tatu-bola, Tolypeutes tricinctus (Xenarthra, Dasypodidae)
num cerrado do Brasil central.  Master

,
s thesis, Univ. de

Brasília. 
Hölldobler B, EO Wilson.  1990.  The ants.  Cambridge, UK:

Belknap Press.
Houston DC, JD Gilard, AJ Hall.  2001.  Soil consumption by

elephants might help to minimize the toxic effects of plant
secondary compounds in forest browse.  Mammal Rev.
31: 249-254.

Johnson WE, TK Fuller, WL Franklin.  1996.  Simpatry in
canids: a review and assessment.  In JL Gittlemam, ed.
Carnivore behavior, ecology and evolution.  Ithaca, NY:
Comstock Publishers Associates, pp. 189-218.

Kalmbach ER.  1944.  The armadillo: its relations to agriculture
and game.  TX: Texas Game Fish Oyster Commission
Bulletin.

Kohn MH, RK Wayne.  1997.  Facts from faeces revisited.
Trends Ecol. Evol. 12: 223-227.

Law R, JC Blackford.  1992.  Self-assembling foods webs: a
global viewpoint of coexistence in Lotka-Volterra commu-
nities.  Ecology 73: 567-578.

Major M, MK Johnson, WS Davis, TF Kellog.  1980.  Identifying
scats by recovery of bile acids.  J. Wildlife Manage. 44:
290-293.

McDonough CM, WJ Loughry.  1997.  Influences on activity pat-
terns in a population of nine-banded armadillos.  J.
Mammal. 78: 932-941.

Mill AE.  1983.  Generic keys to the soldier caste of new world
termitidae (Isoptera:Insecta).  Syst. Entomol. 8: 179-190.

Motta-Junior JC.  1996.  Ecologia alimentar de corujas (Aves:
Strigiformes) na região central do estado de São Paulo:
biomassa, sazonalidade e seletividade de suas presas.
PhD dissertation, Univ. Federal de São Carlos, São
Paulo, Brazil.

Negret HRC, KH Redford.  1982.  The biology of nine termites
species (Isoptera: Termitidae) from the cerrado of central
Brazil.  Psyche 89: 81-106.

Nowak RM.  1991.  Walker
,

s mammals of the world.
Baltimore, MD: Johns Hopkins Univ. Press.

Putman RJ.  1984.  Facts from faeces.  Mammal Rev. 14: 79-
97.

Redford KH.  1985.  Foods habits of armadillos (Xenarthra:
Dasypodidae).  In GG Montgomery, ed.  The evolution
and ecology of sloths, armadillos, and vermilinguas.
Washington, DC: Smithsonian Institution Press, pp. 429-
437.

Redford KH, JG Dorea.  1984.  The nutritional value of inverte-
brates with emphasis on ants and termites as food for
mammals.  J. Zool. 203: 385-395.

Reed J, DJ Tollit, PM Thompson, W Amos.  1997.  Molecular
scatology: the use of molecular genetic analysis to assign
species, sex and individual identity to seal faeces.  Mol.
Ecol. 6: 225-234.

Reilly C, J Henry.  2000.  Geophagia: Why do humans con-
sume soil ?  BNF Nutr. Bull. 25: 141-144.

Schaller GB.  1983.  Mammals and their biomass on a Brazilian
ranch.  Arq. Zool. São Paulo 31: 1-36.

Sikes RS, GA Heidt, DA Elrod.  1990.  Seasonal diets of the
nine-banded armadillo (Dasypus novemcinctus) in a
northern part of its range.  Am. Midl. Nat. 123: 383-389.

Sluys MV.  1992.  Aspectos da ecologia do lagarto Tropidurus
itambere (Tropiduridae), em uma área do sudeste do
Brasil.  Rev. Brasil. Biol. 52: 181-185.

StatSoft.  2001.  STATISTICA data analysis software system,
vers. 6.  Available at http://www.statsoft.com.

Szeplaki EO, JG Ochoa, JA Clavijo.  1988.  Stomach contents
of the greater long-nosed armadillo (Dasypus kappleri ) in
Venezuela.  Mammalia 52: 422-425.

Vizcaíno SF, RA Farina, G Mazzetta.  1999.  Ulnar dimensions
and fossoriality in armadillos and other South American
mammals.  Acta Theriol. 44: 309-320.

Wirtz WO, DH Austin, GW Dekle.  1985.  Food habits of the
common long-nosed armadillo Dasypus novemcinctus in
Florida, 1960-1961.  In GG Montgomery, ed.  The evolu-
tion and ecology of sloths, armadillos, and vermilinguas.
Washington, DC: Smithsonian Institution Press, pp. 439-
451.


