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ABSTRACT. Armadillos are among the most common mammals in agroecosystems in Argentina. Their insec-
tivorous/omnivorous food habits raise the question about their putative role as pest controllers. The aim of
this study is to describe the prey items of five armadillo species and evaluate their possible role as natural
pest controllers. The stomach contents of 12 Dasypus hybridus, 10 Chaetophractus vellerosus, 14 Chaetophractus
villosus, 4 Tolypeutes matacus and 9 Zaedyus pichiy were analyzed. We described the diet and identified prey
items to family level, whenever possible, and computed the frequency of occurrence (FO) and relative abundance
of prey items. With these values, the Item Categorization Index (ICI) was calculated to classify the items in
order of importance (primary, secondary and tertiary items). Shannon diversity index was also computed. The
armadillos studied here consumed arthropod species belonging to families of phytosanitary importance such as
Acrididae, Scarabaeidae, Tenebrionidae, Lepidoptera, Formicidae, and Termitidae. Only two armadillos showed
primary items in their diet; Z. pichiy (ants and tenebrionids) and T. matacus (termites and scarabid larvae).
Important pest arthropods had FO values close to or greater than 50% in the diet of all armadillos. Armadillos
consumed arthropods that are important pests for agriculture, forestry, and wood construction. Even though
this study was mainly focused on armadillos’ diet, we suggest that the presence of these native species could
benefit the productivity and health of agroecosystems by reducing the need for harmful agrochemicals.

RESUMEN. ;Son los armadillos controladores naturales de plagas? Habitos alimentarios de cinco especies
de armadillos en la Argentina. Los armadillos son algunos de los mamiferos mas comunes en los agroeco-
sistemas de Argentina. Sus habitos alimentarios omnivoro/insectivoro sugirieron la pregunta acerca de su rol
como presuntos controladores de plagas. El objetivo de este trabajo es describir la dieta de cinco armadillos
y evaluar su posible rol como controladores de plagas. Se analizaron los estomagos de 12 Dasypus hybridus,
10 Chaetophractus vellerosus, 14 Chaetophractus villosus, 4 Tolypeutes matacus y 9 Zaedyus pichiy. Se identifi-
caron los items presa hasta el nivel de familia cuando fue posible. Se estimé la frecuencia de ocurrencia (FO)
y la abundancia relativa. Con estos valores se calculé el Indice de Categorizacién de Items (ICI) para clasificar
las presas siguiendo un orden e importancia (primarias, secundarias y terciarias). También se calcul6 el indice
de diversidad de Shannon. Los armadillos consumieron especies de artréopodos pertenecientes a familias de
importancia fitosanitaria como Acrididae, Scarabaeidae, Tenebrionidae, Lepidoptera, Formicidae y Termitidae.
Solo dos armadillos mostraron items primarios en su dieta: Z. pichiy (hormigas y tenebrionidos) y T. matacus
(termitas y larvas de escarabidos). Los artrépodos plaga encontrados en la dieta de los armadillos tuvieron una
FO cercana o superior al 50%. Los armadillos consumieron especies de artropodos que son plagas importantes
para la agricultura, la industria forestal y la construcciéon maderera. Aunque este estudio estuvo enfocado prin-
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cipalmente a la dieta de armadillos, sugerimos que la presencia de estas especies nativas podria beneficiar la
productividad y salud de los agroecosistemas, reduciendo la necesidad de de utlizar agroquimicos perjudiciales.
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INTRODUCTION

Armadillos are the most diverse xenarthran
group with 9 genera and 20 extant species
(Gardner 2005; Abba et al. 2015a). The food
habits of the 9 living genera range from
omnivorous-carnivorous to generalized and
opportunistic insectivores (Redford 1985; Mc-
Donough & Loughry 2008).

The feeding activities of armadillos are associ-
ated to their morphological features. Their short
thick limbs supplied with strong claws allow
them to apply large forces when digging into
the substrate, leaving simple structures within
the soil known as “feeding holes” (“hozaduras”
in Spanish) (Greegor 1980; Abba et al. 2005).
Digging is the main activity not only to forage
but also to build their nests (McDonough &
Loughry 2008).

We studied the diet of five of the fifteen
species of armadillos occurrying in Argentina:
one of the subfamily Dasypodinae, Dasypus
hybridus (southern long-nosed armadillo);
three species of Euphractinae: Chaetophractus
villosus (large hairy armadillo), Chaetophractus
vellerosus (screaming hairy armadillo), Zaedyus
pichiy (pichi); and one species of Tolypeutine
Tolypeutes matacus (three-banded armadillo).

Dasypus hybridus is widely distributed in
Argentina, occurrying in grassland areas with
low disturbance and high vegetation cover from
the northeast to the mid-east of the country.
Although rare in agricultural lands, it is com-
mon in farmlands with extensive cattle ranching
(Abba et al. 2007; Abba & Superina 2010). It is
considered an opportunistic insectivorous with
a strong tendency to myrmecophagy (Barlow
1965; Abba et al. 2011b).

Tolypeutes matacus is found from eastern
Bolivia and south-western Brazil, southward

through the Gran Chaco of Paraguay, to Ar-
gentina (San Luis province). This armadillo is
also considered an opportunistic insectivorous
and its diet varies seasonally. In winter it seems
to prefer ants and termites, while in summer
the most frequent food items are plants, mainly
fruits. Some invertebrates, such as larvae of Co-
leoptera, occur throughout the year (Bolkovi¢
et al. 1995; Cuellar 2008).

The two Chaetophractus species are known
for its omnivorous-carnivorous habits (Redford
1985). Chaetophractus vellerosus ranges along
the Chaco region of Bolivia, Paraguay and
Argentina (Cuellar 2008; Abba et al. 2011a). A
disjunct population occurs in eastern Buenos
Aires province, Argentina. It occurs in xeric en-
vironments and grasslands, as well as in range-
land pastures and agricultural areas. In Buenos
Aires province, it dwells on sandy calcareous
soils and prefers grasslands with low vegetation
height and high vegetation cover (Abba et al.
2011a). The big hairy armadillo, C. villosus, is
present in the Gran Chaco of Bolivia, Para-
guay, and Argentina as far south as Tierra del
Fuego—Argentina and Chile (Gardner 2005;
Poljak et al. 2007). It inhabits open areas and
is frequent in agricultural lands of Buenos Aires
province, even in degraded habitats (Abba et
al. 2016). While there are many studies on the
diet of the screaming hairy armadillo (Greegor
1980; Soibelzon et al. 2007; Abba et al. 2011a)
Dasypodidae, only a few are available for the
big hairy armadillo (see Casanave et al. 2003;
Arriagada et al. 2017).

Zaedyus pichiy ranges from western Argen-
tina (San Juan and La Rioja provinces) and east-
ern Chile south to the Strait of Magellan. This
small armadillo has been previously described
by Redford (1985) as a carnivore-omnivore, but
Superina and Abba (2014) have shown that this
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armadillo feeds mainly on arthropods, small
vertebrates, and plant materials, and can be
regarded as an opportunistic omnivore. It oc-
curs both in steppe and scrubland habitats, but
seems to be more common in steppes (Abba
et al. 2010). In Argentina, its diet is known
only for Mendoza province (Superina 2007;
Superina et al. 2009; Superina & Abba 2014),
but reports for the Patagonian steppe, which
comprises a major part of its distributional
range, are lacking.

All five armadillos studied here are known
to feed on insects and other arthropods, as
reported in previous studies from Bolivia, Chile
and Argentina (Greegor 1980; Bolkovi¢ et al.
1995; Bruno & Cuéllar 2000; Superina 2007;
Soibelzon et al. 2007; Abba & Cassini 2010;
Abba et al. 2011b; Ciuccio 2014; Arriagada
et al. 2017.

Because of the heavy damage they cause to
crops, Scarabaeidae (white worms), Lepidoptera
larvae (caterpillars), Orthoptera (locusts and
crickets), Elateridaea (wireworms), leaf-cutter
ants (Atta sp., Acromyrmex sp.) and carpenter
ants (Camponotus sp.) are all considered impor-
tant pests for agriculture in Argentina (Rizzo
1977; Bruno & Cuéllar 2000; Folgarait et al.
2002; Vitti et al. 2008). Cereals (wheat, soy,
sunflower and corn) and pastures (Alvarado
1980; Vitti et al. 2008) are the crops most
affected by these arthropods. In northern Ar-
gentina, other insects such isopterans (termites)
are considered pests due to their impact on
wooden structures and the forestry industry
(Torales et al. 1995).

The loss of biodiversity, the dependence
on non-renewable resources, and the heavy
reliance on chemical fertilizers and pesticides
characterize modern agroecosystems (Altieri
1999). The application of insecticides is the
main control method for arthropod pests, but
the social and ecological consequences of their
use are raising concern. Although intended to
kill pest arthropods, these chemical products
can negatively impact other species, the soil and
the entire agroecosystem (Devine et al. 2008).
An unwanted consequence of the use of insec-
ticides is the loss of biological control species,
which can lead to the outbreak of other pests

(Bohan et al. 2013). The World Health Orga-
nization (WHO) estimates that the exposure to
insecticides causes about 20 000 deaths per year
(Devine et al. 2008). Consumption of “organic”
products promoted avoidance of products in
which pesticides were applied. The use of native
species as a biological control method is thus
a strategy with important economic value for
both farmers and society (Rusch et al. 2016).

All armadillos species studied in this work
are present in agricultural lands (Abba &
Superina 2010; Noss et al. 2014; Abba et al.
2016). In these degraded habitats numerous
pest arthropods cause problems to human
resources. It is estimated that 25-50% of the
world’s crops are destroyed by herbivorous
arthropods; a situation that is increasing with
current climate change (Pimentel et al. 1991;
Murrell 2017). Here, we describe the diet of
five armadillo species, to family level whenever
possible, provide new information on the spe-
cies’ biology and assess their potential role as
pest controllers based on the composition of
their diets.

MATERIAL AND METHODS

Study area

Forty-nine stomach samples were collected for
parasitological research (see Ezquiaga & Navone
2014; Ezquiaga et al. 2012, 2013, 2017) in three
regions of Argentina: Pampas (n=29), Chaco (n=7)
and Patagonian Steppe (n=13); see Fig. 1. Eleven
D. hybridus, 8 C. vellerosus, and 10 C. villosus were
collected in the Pampas region of Buenos Aires.
This region, which was originally covered by natural
grassland, is today an extensive and productive flat
plain, dominated by wheat-soybean relay cropping,
maize, and sunflower plantations (FAO 2004; Paruelo
et al. 2005; Abba et al. 2015b). In the Chaco region,
4 T. matacus, 2 C. vellerosus and 1 D. hybridus were
collected. The Chaco was originally dominated by
forests of quebracho (Schinopsis sp.) and algarrobo
(Prosopis sp.). This region is today a heavily modi-
fied landscape with degraded subtropical forests and
patches of natural grasslands, cereal, pasture crops
and some cotton plantations (Riveros 2002; Paolasso
et al. 2012). Forestry is an important activity in this
region. Lastly, in the Patagonian steppe, 4 C. villosus
and 9 Z. pichiy were collected. Vascular plants,
grouped in shrubs, grasses, forbs with patches
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Fig. 1. Regions where armadillos
samples were collected. Illustrations
modified from Diaz and Barquez

(2002) and Parera & Erize (2002). Brazil

of extensive sheep farming,
forestry and fruit plantations,
characterize this region (Aguiar
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RESULTS

Thirty-six different food items were found in
the diet of the 5 armadillo species (Table 1).
These included 19 insect families from 8 orders;
1 family of Isopoda, 2 Arachnid orders, 1 An-
nelid order, 1 class of Myriapod, 3 families of
Amphibians, 1 Lepidosauria, plant material,
bird eggshell fragments and carrion. There
were differences in FOs for the different prey
items among species of armadillos (Fig. 2,
x°=18.04, p=0.034).

Dasypus hybridus showed the most diverse
diet, with 27 food items and H’=4.0, including
only arthropods and plant material. The most
frequent items were ants (Hymenoptera: For-
micidae) with 91.7% of occurrences, acridids
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Table 1
Values of the Item Categorization Index (in parentheses) for food items found in this study. Letters indicate
previous studies where diets of armadillos were described. a: Abba et al. 2010; b: Ciuccio 2014; c: Greegor
1980; d: Soibelzon et al. 2007; e: Abba et al. 2011; f: Arriagada et al. 2017; g: Bolkovic et al. 1995; h: Bruno
& Cuellar 2000; i: Superina 2007.

Order  Family e A
ORTHOPTERA a, b ¢, d e b - b, f
Acrididae (12) (0.8) f, (1.9) (1.7) (4.5)
Grillydae (0.6) - - - -
Grillotalpidae (1.8) (1.2) - -
COLEOPTERA a, b c, d, e - - b
Tenebrionidae (0.7) (3.3) (0.5) - i, (5.0)
Carabidae Larvae - (0.4) (0.3) - i, f
Carabidae Adult (L.1) (1.2) f - (2.4)
Scarabaeidae Larvae (1.5) (2.4) (1.7) g, h (12.5) i(4.7)
Scarabaeidae Adult (1.3) (0.4) f(1.2) (3.4) (2.4)
Elateridae (1.1) - - g h (2.4)
Staphilinidae (0.4) - - - -
Cantharoidea - (0.4) - - -
Curculionidae - - - - fi
IsoPTERA - - - - -
Termitidae (0.7) - - g h (7.7) -
HYMENOPTERA b - b - b, f
Formicidae a (3.8) c, d, e (0.4) (0.7) g h (1.7) i(7.3)
Vespidae (0.2) - - - -
HEMIPTERA - - - - -
Pentatomidae (0.2) - - - -
Cimicidae (0.2) - - -
Lihaeidae (0.2) - - - -
Aphidae (0.3) - - - -
Cicadelidae (0.2) - - - -
DERMAPTERA (0.2) - - - -
LEPIDOPTERA (1.7) ¢, d (2.6) f (2.5) g (1.8)
DIPTERA a (0.4) ¢, d, e (1.1) f(1.4) (1.7) f(2.1)
BLATTODEA a e - - -
SCORPIONIDA - c (0.4) - - (0.6)
ARANAE a ¢, d, e (0.4) - g i(1.2)
Amauroidea (0.2) - - - -

Lycosidae (0.6) - - - -
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(Table 1 cont.)

Order Famil Dasypus Chaetophractus  Chaetophractus  Tolypeutes  Zaedyus
Y hybridus vellerosus villosus matacus pichiy
IsopopA - - - - -
Oniscidea (0.8) - - - -
OLIGOCHAETA (0.4) c - - -
MYRIAPODA a - - -
Diplopoda (0.6) (1.0) - g (1.7) -
PLANT MATERIAL b (1.5) ¢, d, e (4.5) b, f (4.4) h b (0.9)
CARRION - ¢, d (3.0) (4.7) - i(2.3)
MAMMALIA - - - - b
AVES - - f (0.4) - b
REPTILIA - - - - -
Lepidosauria - - - - i(1.6)
AMPHIBIA - - - - -
Leptodactylidae - - (0.5) - -
Bufonidae - - (0.5) - -
Odontophrynidae - - (0.5) - -
C. villosus C. vellerosus Z. pichiy
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Fig. 2. Principal food items of five armadillo specie
Diaz & Barquez (2002) and Parera & Erize (2002).
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(Orthoptera: Acrididae) and scarabid larvae
(Coleoptera: Scarabaeidae), both with 50% of
occurrences (Fig. 2). ICI values indicate that
these are tertiary food items (Table 1).

Chaetophractus vellerosus consumed 16
different food items (H =3.04). Plant mate-
rial (fruits, seeds, roots and leaves fragments)
and tenebrionids (Coleoptera: Tenebrionidae)
were the food items most consumed by this
armadillo (both with FOs at 70%). Scarabid
larvae, lepidopteran larvae and vertebrate car-
rion (muscular tissue and mammal fur) were
also common items in the diet of C. vellerosus
(Fig. 2). For this armadillo, ICI values indicate
that these are tertiary food items (Table 1).

Chaetophractus villosus consumed mainly
vertebrates (91.7%), plant material (54.5%)
and coleopterans including scarabid larvae and
carabid adults (both with FOs ~45%, Fig. 2).
Its diet comprised 16 different prey items
(H’=0.297), and included vertebrate remains
of 3 different amphibian families (Leptodac-
tylidae, Bufonidae, and Odontophrynidae) as
well as bird eggshell fragments—C. villosus was
the only armadillo studied here that included
these last items. ICI values for plant material
and carrion were the highest for this armadillo
(Table 1).

Tolypeutes matacus included 8 different food
items, H =1.4. All stomachs had scarabid adults
and termites (Isoptera: Termitidae) both with
FOs at ~50% (Fig. 2). According to ICI values,
none of the food items were occasional or ac-
cidental, scarabid larvae were a primary item,
termites were secondary and the rest were
tertiary (Table 1).

Finally, Zaedyus pichiy included 14 different
food with H =3.3. As shown in Table 1, FOs
for scarabid larvae, tenebrionids, acridids, and
ants were greater than 50% (Fig. 2), and all
considered as secondary with regard to their
ICI values. Lepidosauria was exclusively found
in the diet of this armadillo.

DISCUSSION

Numerous insectivorous and omnivorous
vertebrates such as seagulls, owls, bats and
shrews are considered as pest controllers (see
Buckner 1966; Ghys & Favero 2004; Biondi et

al. 2005; Douglas 2008; Carevic 2011; Gue-
vara & Sainoz Aguirre 2012) and armadillos
are not the exception. Although Soibelzon et
al. (2007) suggested that armadillos could be
considered as pest controllers, studies on their
diet preferences to evaluate this prospect are
lacking. Our analyses filled a gap regarding the
diet composition of five species of armadillos
in different regions of Argentina. The regular
consumption of pest arthropods by armadillos
could change human perception about their
ecological role in agroecosystems.

Dasypus hybridus is classified as an op-
portunistic insectivore (Redford 1985) and
our results agree with this classification. In-
sects are the most common prey in the diet
of this armadillo and judging from the ICI
values obtained there is no specialization for
any item. Furthermore, the high FO for ants
(91%) was previously reported by Abba et al.
(2011b), who suggested that this species tends
to myrmecophagy.

The other opportunistic insectivore is
Tolypeutes matacus (Redford 1985, Bolkovic et
al. 1995). The Shannon-Weaver index showed
low dietary diversity. We found that T. matacus
stomachs collected during winter had only
insects, in agreement with previous studies
that found also insects as the preferred prey
during winter, while plants were suggested
as the main source of energy in summer (see
Bolkovi¢ et al. 1995). Considering the ICI
values, the primary item in T. matacus diet
is scarabid larvae (with 100% occurrence, as
high as to 350 larvae found in an individuals
stomach). However, to rule out opportunistic
feeding more information is needed. Termites
followed in importance with FO at 50% and
with a secondary ICI categorization.

The two omnivorous-carnivorous
Chaetophractus species (Redford 1985) stud-
ied here showed similarities in the type of
prey items consumed. H’ values indicates that
C. vellerosus has the most diverse diet. All
frequent food items had tertiary ICI catego-
rization, suggesting an opportunistic foraging
habit. The case of C. villosus is similar. Even
though this armadillo has been described as an
opportunist, very high ICI values for carrion
and plant material, suggest that these items are
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by far more important than tertiary ones. Previ-
ous studies on the diet of C. villosus considered
findings of vertebrate as carrion (see Arriagada
et al. 2017). However, we here found entire
amphibians and bird eggshells in the stomach
contents, confirming that this armadillo actively
preys upon vertebrates. This behavior has been
reported before for other species of armadillos:
Euphractus sexcinctus (Bezerra 2001; Foster et
al. 2017) and D. novemcinctus, (Nesbitt et al.
1977; Staller et al. 2005; Rader et al. 2007).
The most recent study on the diet of Zaedyus
pichiy in Argentina (Superina et al. 2009)
described this armadillo as an opportunistic
omnivore, consumer of invertebrates, plant
material and carrion. We considered that plant
material was consumed accidentally as it only
occurred in one of the analyzed stomachs from
northern Patagonia. This contrasts with reports
from Mendoza province (Superina et al. 2009),
where plant materials were found in all of the
samples. Our results showed that Z. pichiy relies
on invertebrates and carrion in their southern
distribution, and on account of this it has to
be considered as an opportunistic-carnivore, at
least in the Patagonian steppe. Only Z. pichiy
and both Chaetophractus species included car-
rion and vertebrate in their diets. ICI value
for ants, mainly of the genera Solenopsis and
Camponotus, was the highest and exceeded that
recorded in D. hybridus, known for its tendency
to myrmecophagy (Abba et al. 2011b)
According to the Integrated Pest Manage-
ment Program (FAO-UN) and the Argentine
National Pest Surveillance and Monitoring
System, the arthropod groups of phytosanitary
importance consumed by armadillos are Acridi-
dae, Scarabaeidae, Tenebrionidae, Lepidoptera,
Formicidae, and Termitidae. All these families
had a high frequency of occurrence and ICI
values in the diet of armadillos, and thus can
be disregarded as accidental or occasional prey.
All produce heavy damage on crops, pastures
and other agricultural activities. Tenebrionid
larvae and adults are phytophagous, feeding
on roots, seeds, and foliage (Boito et al. 2009).
Acridide adults and nymphs are herbivorous
feeding on foliage of crops and forage (De

Wysiecki & Sanchez 1992; Luiselli et al. 2002).
Lepidopteran larvae are herbivorous, feeding on
foliage of corn and soybean, two of the main
crops in Argentina (Sagadin & Gorla 2002;
Riquelme Virgala et al. 2006). Scarabid white
grubs are also considered to be an important
pest. These hypogeal larvae feed on roots of for-
age, annual crops and fruit trees (Rodriguez et
al. 2004). Insecticides are the principal control
method for these insects, but movement of the
larvae inside the soil reduces their effectiveness
(Villani et al. 1990). In Chaco province, north-
eastern Argentina, termite infestations can be a
problem in the forestry industry as well as in
human dwellings made of wood (Torales et al.
1995). Leafcutter ants are considered one of the
most important pests of agriculture and forestry
in all subtropical South America (Holldobler
& Wilson 1990). The harmful effects of ants
genera Atta and Acromyrmex led governments
to declare them as pests in 1917 (Daguerre
1945). These leaf cutter ants produce negative
impacts by modifying plant communities and
soil structure. They also assist in the dispersion
of agricultural weeds and exotic plant species
(Farji-Brener 1992). Other ants of economic
importance in the Argentinean agroecosystem
are the carpenter ants of the genus Camponotus.
Although they do not represent a direct hazard
to crops, as they are neither herbivores nor
granivores (Fernandez 2003), they build large
hard-packed soil nest mounds and farmers
must incur high economic costs to destroy
them (Folgarait et al. 2002, 2004).

Additionally, other arthropods such as
arachnids, carabid coleopterans and staphyli-
nid insects had low FO and ICI values. These
invertebrates are considered important in agro-
ecosystems as predators of other insect pests
(Murrell 2017). Foraging by these armadillos
thus do not affect other species of natural
controllers.

In view of the high degree of toxicity and loss
of diversity generated by agrochemicals used
to exterminate arthropod pests, the presence of
opportunistic vertebrates, such as armadillos, as
putative pest controllers should be considered
as a valuable characteristic of agroecosystems.
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