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SUMMARY: The morphology and relative size of the tympanic bulla of three species of dasypodids from Argentina,
Chaetophractus villosus, C. vellerosus and Zaedyus pichiy, were studied. The bulla was observed to be morphologically similar and
evidently hypertrophied in the three species. The degree of hypertrophy was higher in C. vellerosus and C. villosus than in Z. pichiy. By
means of ANCOVA it was clear that, although C. villosus has a bigger skull than C. vellerosus, the relative size of their tympanic cavity
was similar in both species. On the other hand, the skull of C. vellerosus and Z. pichiy are of similar size but the bulla was relatively
shorter in the later.
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INTRODUCTION

Dasypodidae (Xenarthra) is a family of fossorial (i. e.
burrowing) neotropical mammals, commonly known as
armadillos, that are vastly distributed in South America,
particularly in Argentina, constituting an important part of the
native fauna of the continent (Gardner, 2005).

The dasypodids have been the subject of anatomical,
physiological and phylogenetic studies, and some species have
become important models in biomedical research (Squarcia et
al., 1994, 1999, 2006; Gaudin, 2003; Casanave et al., 2006;
Galíndez et al., 2006; Casanave & Galíndez, 2007). However,
the knowledge about some biological aspects of the group is
still incomplete.

The bony covering of the middle ear, the tympanic bu-
lla, has been extensively studied in a fairly large number of
mammalian groups. This cranial structure is well known to be
enlarged in many subterranean and desert species, namely
rodents, insectivorous, marsupials and some carnivores, which
is believed to be an adaptation to increase low-frequency
hearing (Burda et al., 1990a; Mason, 2001, 2003; Huang et al.,
2002; Schleich & Vasallo, 2003). However, reports on
armadillos are scarce, and the only known contributions on the

morphology of the bulla in these animals come from Frechkop
& Yepes (1949), Roig (1971), Segall (1976), Patterson et al.
(1989) and Wible & Gaudin (2004). All these authors described
large and inflated bulla for several dasypodids, better developed
than in any other group of xenarthrans.

The aim of the present work was to perform a
comparative study on the morphology and relative size of the
tympanic bulla in three ubiquitous representatives of south
American dasypodids, the larger hairy armadillo
Chaetophractus villosus (Desmarest, 1804), the screaming
hairy armadillo C. vellerosus (Gray, 1865) and the pichi
Zaedyus pichiy (Desmarest, 1804). It is hoped to contribute
with a more in-depth knowledge of these species, and to
provide a significant basis for future physiological and
ecological studies on this widely varying group.

MATERIAL AND METHOD

Three species of armadillos, the larger hairy armadillo
Chaetophractus villosus (n = 86), the screaming hairy arma-

*  Cátedra de Anatomía Comparada, **Cátedra de Fisiología Animal, Departamento de Biología, Bioquímica y Farmacia, Universidad Nacional del Sur
(UNS), 8000. Bahía Blanca, Argentina.

** Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET). E-mail: squarcia@criba.edu.ar; casanave@criba.edu.ar.
  This study was funded by SGCyT (UNS), Project 24/B122, and by ANPCyT, BID 1728/OC PICTR 074/03.



598

dillo C. vellerosus (n = 34) and the pichi Zaedyus pichiy
(sub-species Z. p. pichiy, n = 26) were involved in this study.
All specimens examined are from the dasypodid’s collection
of the Laboratory of Comparative Anatomy (Department of
Biology, National University of the South, Argentina). The
sample was collected from an area of approximately 80 km
around the city of Bahía Blanca (38°  42’ S, 62°  16’ W), Ar-
gentina. Only adults of each of the species were used in the
analysis in order to eliminate age variation (Morris, 1972).

The total length of the bulla (TLB) and the total length
of the skull (TLS), considered as a good indicator of the cranial
size, were recorded in each species by means of a digital
calliper (0.01 mm). The relationship between these two
parameters was evaluated for each species using a percent
bullar hypertrophy index (BHI), as follows: (TLB/TLS)x100.

Descriptive statistics including arithmetic means and
standard deviation were calculated for each of the measured
traits in the three species. Mean values were compared
between species by means of Least Significant Difference
(LSD) following one-way ANOVA (Snedecor & Cochran,
1980), and differences were considered significant when p
≤  0.05. The relationship between TLB and TLS (as
covariable) were calculated, and an analysis of covariance
(ANCOVA; p ≤  0.05) was performed to check the presumed
relationships between these parameters in the three species
(Snedecor & Cochran).

RESULTS

The three species under study, C. villosus, C.
vellerosus and Z. pichiy are similar in the morphology of the
auditory region. They possess well-expanded, swollen bullae,
which are totally ossified in the adults and no indication of
the limits between the tympanic and the entotympanic bones
are evident. These structures, dome-shaped and obliquely
orientated in the basicranium (Fig. 1), hide the three middle
ear ossicles (malleus, incus and stapes).

Significant differences were detected in the absolute
size of the bulla between the three species, being mean TLB
± SD: 12.7 mm ± 0.5 mm for C. villosus, 10.6 mm ± 0.2 mm
for C. vellerosus, and 9.1 mm ± 0.4 mm for Z. pichiy (p <
0.05 in all cases).

The skull size TLS was significantly different in C.
villosus (91.1 ± 2.7 mm) with respect to the other two species
(p < 0.05), but no significant differences were detected
between C. vellerosus (66.1 ± 1.8 mm) and Z. pichiy (66.8 ±
1.6 mm) (p = 0.12).

The BHI was highest in C. vellerosus (15.16 to 16.64
%; mean: 15.98 %), intermediate for C. villosus (12.61 to
14.97 %; mean: 13.96 %) and lowest for Z. pichiy (12.33 to
14. 66 %; mean: 13.52 %).

Fig. 1. Ventral view of the whole skull of the three species of dasypodids under study. b: Right tympanic
bulla.
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The analysis of covariance between TLS (covariable)
and TLB showed that, size factor of the skull excluded, there
were no significant differences in the relative size of the bulla

DISCUSSION

It has been stressed that it would be ecologically
advantageous for the hearing of fossorial mammals to be
tuned towards low frequencies, which have been shown to
be better propagated than higher frequencies in underground
tunnels (Fleischer, 1978). Higher frequencies are presumably
absorbed by the walls of the tunnels, whereas lower
frequencies are weakened because of reflection at the walls
(Heth et al., 1986).

Several authors attempted to find morphological
parameters of the middle ear apparatus for the improved
audition to the low-frequency airborne sound. These
adaptations include heavy auditory ossicles with loose
ligamentar attachments, large tympanic membranes and an
increased bullar volume (Burda et al., 1990a, 1992; Webster
& Plassmann, 1992; Mason, 2004). Indeed, the huge amount
of factors involved is very complex, so that there has not
been possible to identify general evolutive trends that allowed

between the two species of Chaetophractus studied (p = 0.08;
Fig. 2). Contrarily, in Z. pichiy the bulla is relatively shorter
than in the other two taxa (p = 0.02; Fig. 2).

explaining a convergent pattern of evolution under similar
selective pressures (Nevo, 1979; Novacek, 1993; Mason,
2001).

The adaptation of the acoustic ability to a wide range
of low-frequency sounds has been well studied in
subterranean mammals, mainly rodents (Bruns et al., 1988;
Burda et al., 1989, 1990b, 1992; Müller & Burda, 1989;
Heffner & Heffner, 1990; Schleich & Busch, 2004; Schleich
& Vasallo). Harrison (1970) hypothesised that an increase
in the bullar volume results in the formation of a resonating
chamber that sharpens the hearing for a sound frequency
range corresponding to the rodent’s own cry.

The tympanic bulla is also greatly enlarged in
saltatorial rodents and other mammals that live in arid
environments, and may provide habitat-specific survival
value (Lay, 1972; Webster & Webster, 1984; Van der Straeten

Fig. 2. Relationship between the total length of the skull (TLS) and the total length of the bulla (TLB) in Chaetophractus
villosus, C. vellerosus and Zaedyus pichiy. Dashed vertical line represents the overall mean TLS. Regression equations are
indicated: Zp: Z. pichiy, C: both species of Chaetophractus.
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& Dieterlen, 1992; Webster & Plassmann; Huang et al.). An
enlarged tympanic bulla causes increased amplification of
sound that allows the rodent to detect an approaching predator
early (Sheets, 1989). The same author also suggested that in
some species an increase in the size of the bulla could be
equaled by the balancing and stabilizing activities of the ears.
From the results of the present work, we verified an evident
degree of hypertrophy in the tympanic bulla of the armadillos
C. villosus, C. vellerosus and Z. pichiy. Roig stated that the
bullar hypertrophy in dasypodids augment as the species
acquire increasingly eremic characters. Within this family,
he mentioned three well differentiated groups according to
the relative size of the tympanic cavity: i- species with no-
evident hypertrophied bullae (mean bullar hypertrophy index
between 4.80 and 9.09 %), that live in wet environments; ii-
species with moderately hypertrophied bullae (mean index
between 10.47 and 12.59 %), that range in their distribution
from semi humid to semi arid biotopes; and iii- species with
evidently hypertrophied bullae (mean index between 14.38
and 17.28), that are typical inhabitants of arid and semi-arid
environments. The same author included in the latest group
the genera Chaetophractus, Zaedyus and Chlamyphorus, and
reported a different degree of hypertrophy among them. He
found the lowest values of the bullar hypertrophy index for
C. villosus, intermediate values for Z. pichiy and the pink
fairy armadillo Chlamyphorus truncatus, and the highest
values for C. vellerosus. From the results of the present study,
we agree with Roig in that the value of hypertrophy index
was highest in C. vellerosus and lower in C. villosus.
However, we disagree in the results from Z. pichiy, because
our index value indicates that this species would belong to

the group with moderate degree of hypertrophy according
to Roig´s classification. Two main variability sources may
be involved in this disagreement. First of all, the cited author
did not mentioned the age of the animals used, consequently
an age-dependent factor could be implied as generating some
variability in the development of the bony structures (see
Baptista et al., 2000). Secondly, and more important,
intraspecific differences related with geographical variation
could also exist (López-Fuster et al., 2000; Popov & Ivanova,
2002; Mazák, 2004). In fact, Roig used animals of Z. p.
caurinus coming from Mendoza (central west Argentina),
an area that is characterised by its extreme droughty
conditions. On the contrary, Z. p. pichiy distinguish itself
for be able to enter in less arid environments. Differences
between these two subspecies for several cranial characters
are available from Squarcia & Casanave (1999).

Finally, the ANCOVA was a very important tool to
demonstrate that although C. villosus has a bigger skull than
C. vellerosus, the relative size of their tympanic cavity is
similar in both species. On the other hand, the skull of C.
vellerosus and Z. pichiy are of similar size but the bulla is
relatively shorter in the later.

It can be concluded that, although there is not
physiological information about the auditory apparatus in
dasypodids, and the structure of the middle ear per se is not
enough to explain their hearing capacity, the hypertrophy
observed in the species under study would be a valuable
starting point for testing the adaptive value of auditory
specializations in the group.
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RESUMEN: Fueron estudiados la morfología y el tamaño relativo de la bula timpánica, en tres especies de dasipódidos de la
Argentina, Chaetophractus villosus, C. vellerosus and Zaedyus pichiy. Se observaron una morfología similar y una hipertrofia evidente en
la bula en las tres especies. El grado de hipertrofia fue mayor en C. vellerosus y C. villosus que en Z. pichiy. Mediante ANCOVA se demostró
que, aunque el cráneo de C. villosus es mayor que el de C. vellerosus, el tamaño relativo de la bula fue similar en ambas especies. Por otra
parte, la bula de Z. pichiy es relativamente más pequeña que la de C. vellerosus, a pesar  que sus cráneos son de tamaño similar.

PALABRAS CLAVE: Chaetophractus villosus; Chaetophractus vellerosus; Zaedyus pichiy; Oído medio; Bula timpánica.
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