DE GRUYTER

Mammalia 2019; aop

Arnaud Leonard Jean Desbiez*, Gabriel Favero Massocato and Danilo Kluyber

Insights into giant armadillo (Priodontes maximus

Kerr, 1792) reproduction

https://doi.org/10.1515/mammalia-2019-0018
Received February 21, 2019; accepted August 20, 2019

Abstract: This paper presents unique data on the repro-
ductive behavior of the rare giant armadillo (Priodontes
maximus), including gestation, inter-birth intervals,
number of offspring and parental care. It also describes
a potential non-parental infanticide. The study used
telemetry, camera traps and track observations for over
7 years in a 300-km? area in the central Brazilian Panta-
nal. Females with young were recorded 5 times. Repro-
ductive events did not appear to be seasonal. A 5-month
gestation period was estimated. Parental care is long, as
the offspring is completely dependent on its mother’s milk
until 6-8 months of age. Weaning was estimated to occur
at 11-12 months, but the offspring continued to be depend-
ent on its mother’s burrows until 18 months old. Three
births were recorded over a 6-year period for one individ-
ual. The offspring from the first birth recorded was killed
at 4 weeks of age in a potential infanticide, but 7 months
after the first birth, a second offspring was born. A third
birth was recorded 3 years after the second birth. Results
from this study suggest that the population growth rate of
giant armadillos is very low and the species can therefore
easily be locally extirpated.
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Introduction

The giant armadillo [Priodontes maximus (Kerr, 1792)],
the largest of living cingulates (Mammalia: Cingulata),
can reach up to 150 cm (head to tail) and weigh up to 50
kg (Emmons and Feer 1997, Eisenberg and Redford 1999,
Desbiez et al. 2019). One of the most striking features of
the species is the large scimitar-shaped fore-claws, the
third of which is greatly enlarged and can be as long as
20.3 cm (Carter et al. 2016). Giant armadillos are found
over much of South America — in 11 different countries —
in habitats ranging from tropical forest to open savanna
(Abba and Superina 2010). Although widespread, giant
armadillos are rare (Meritt 2006), and are currently clas-
sified as “Vulnerable” (A2cd) on the International Union
for Conservation of Nature (IUCN) Red List of Threatened
Species (Anacleto et al. 2014).

Giant armadillos are nocturnal and fossorial, and
rarely seen, even by local people. All studies confirm
the rarity of the species (Walsh and Gannon 1967, Noss
et al. 2004, Silveira et al. 2009, Srbek-Araujo et al. 2009).
Their large burrows are often the only evidence of their
presence and the focus of several studies (Carter 1983,
Carter and Encarnacao 1983, Anacleto 1997, Ceresoli and
Fernandez-Duque 2012, Porfirio et al. 2012). The role they
play in the ecological community as ecosystem engineers
has been described for various biomes (Leite Pitman et al.
2004, Desbiez and Kluyber 2013, Aya-Cuero et al. 2017,
Massocato and Desbiez 2017). Despite being the object of
quite a number of publications (Superina et al. 2014), the
overall life-history data for giant armadillos are lacking,
and reports on the basic reproductive characteristics
(Merrett 1983) are probably inaccurate (Aya-Cuero et al.
2015, Carter et al. 2016). Despite a misleading picture in
Gijzen (1965), the species has never bred in captivity (ZIMS
2017). The only information on reproduction comes from
Aya-Cuero et al. (2015), who, using camera traps, obtained
three records of giant armadillo females with single off-
spring in Colombia.

Conservation strategies for giant armadillos must be
based on the characteristics of their ecology and biology
that impact their population dynamics the most. Analy-
sis of the population growth rate and its determinants is
key to understanding population dynamics, as population
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growth rate is the key unifying variable that links the
various aspects of a species’ population ecology (Sibly and
Hone 2002). A basic understanding of a species’ reproduc-
tive rate is necessary for the assessment of population
growth rates. This paper presents some of the first data
on the reproductive behavior of giant armadillos, includ-
ing reproductive seasonality, gestation period, inter-birth
intervals, number of offspring and parental care. It also
discusses a possible non-parental infanticide.

Materials and methods

Study area

This study was carried out between July 2010 and July
2017, in a 300-km? area that includes seven traditionally
managed cattle ranches (19° 16" 60” S, 55° 42’ 60” W) in
the Nhecolandia sub-region of the Brazilian Pantanal. The
landscape is a mosaic of different habitats that include
open grassland, scrub grassland, scrub forest and semi-
deciduous forest. The historical mean temperature is
25.4°C, climate is classified as semi-humid tropical (Aw),
with a hot, rainy season (October to March) and a warm
drier season (April to September) during which tempera-
tures may drop due to cold fronts from the South (Soriano
2000). The area lacks permanent watercourses, and there
is widespread flooding during the rainy season. Tradi-
tional extensive cattle ranching is practiced in the area,
and there are no paved roads. Hunting and habitat loss
is limited, and the overall anthropogenic threats are low.

Capture and handling

We performed active searches by foot or pickup trucks
looking for signs (tracks, feces and burrows) of giant arma-
dillos that could lead to a burrow in use. Animals were
captured using iron funnel traps that were placed in the
entrance of burrows with evidence of recent activity. We
captured 26 giant armadillos in the study area, 14 females
(10 adults and four subadults) and 12 males (seven adults,
four subadults and one juvenile). Once captured, animals
were temporarily placed in ventilated wooden boxes and
then anesthetized through an intramuscular injection in
the hind limbs. The anesthetic protocol was composed of
butorphanol 10 mg/ml (0.1 mg/kg), detomidine 10 mg/ml
(0.1 mg/kg) and midazolam 5 mg/ml (0.2 mg/kg) (Kluyber
2016). While immobilized, information on age, sex, any
evidences of reproductive activity and any natural marks
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that could allow visual identification of the individual in
the future were collected. Skin biopsies were performed to
allow genetic kinship studies in the future.

Armadillos were implanted with intra-abdominal
very-high-frequency (VHF) radio transmitters (IMP 310,
Telonics, Inc., Mesa, AZ, USA — weight=38.5 g, i.e. 1.28%
of armadillo’s body mass) following the surgical proce-
dures proposed by Hernandez et al. (2010). Once all proce-
dures were terminated, anesthesia was reversed through
an intravenous injection of naloxone (0.04 mg/kg),
yohimbine (0.125 mg/kg) and flumazenil (0.025 mg/kg).
Animals were released in the same burrow they were cap-
tured from.

Animal monitoring

Animals were monitored for an average of 15 days per
month. Monitoring was accomplished through VHF telem-
etry, to find the burrow using the homing-in to the animal
technique (Samuel and Fuller 1994). Once encountered,
the burrow location was recorded using a handheld global
positioning system (GPS) device. To allow the identifica-
tion and the comparison between “regular” burrows and
“nesting” burrows (i.e. burrows used to shelter infants),
the burrow entrance height and width were measured fol-
lowing the protocol used by Desbiez and Kluyber (2013).
In addition, the amount of sand in front of a burrow was
measured and characterized by the height of the sand
mound (from the soil level to the top of the mound).
Animals were captured and anesthetized under the license
number 27587-8 from the Brazilian Federal Environmental
Protection Agency (ICMBIO), which regulates and protects
wildlife in the country.

Camera trapping

We used camera traps to record the different types of
behavior performed by individuals with and without off-
spring near burrow entrances and eventual visits of other
individuals to those burrows. When burrows in use were
encountered, either through telemetry or active searches,
camera traps were placed in front of its entrances and set
to take a succession of pictures (Reconyx® HC-500, Holmen,
WI, USA) or set to video mode (Bushnell® Trophy Camera
Brown Model, Overland Park, Kansas, USA and Reconyx®
XP9, Holmen, W1, USA) as described in Desbiez and Kluyber
(2013). Camera traps remained set in front of burrows for
at least 40 days after the monitored individuals left it (5769
camera traps/night). Through this method, we were able to
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record the time an individual entered and exited the burrow
and estimate the time spent inside and outside the burrow
in each outing. For individuals with offspring, camera traps
allowed us to make observations of parental care, such
as closing the burrow’s entrance upon each departure
and playing behavior, and changes in the infant’s behav-
ior over time. In an attempt to allow the infant’s age esti-
mation through changes in behavior of the mother and
offspring over time, we categorized the recorded behav-
iors and associated them with the infant’s age at the time
they were recorded. This method could only be applied to
two reproductive events that could be closely monitored
(Supplementary material 1). To evaluate if behaviors such
as the time spent inside or outside the burrow and the
closing of the burrow’s entrance changed as the offspring
grew older, we used linear regressions. To evaluate the
non-linear relationship between the time spent outside the
burrow and offspring growth, we fitted a cubic polynomial
model. Due to the limited number of records, behavioral
observations were grouped into 2-week intervals.

Individual identification and morphological
changes of the infants through time

The giant armadillo’s carapace extends about halfway
down its sides, being dark brown to black dorsally and
light colored near the edges (Carter et al. 2016). When
recorded in camera traps, individuals of Priodontes
maximus were identified through variations in scale col-
oring pattern, such as the number and arrangement of
light and dark scales in the carapace and tail (Noss et al.
2004) and other natural marks, such as scars. As reported
by Aya-Cuero et al. (2015), young individuals have com-
paratively lighter-colored carapace, and here we recorded
the changes in carapace coloring of one young individual
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of known age. The patterns of coloring and behavioral
change chronicled were used in an attempt to estimate the
age of other young individuals of unknown age observed
during our study.

Results

Reproductive events

Reproductive events did not appear to be seasonal and
were recorded through camera traps for four out of the
10 adult females monitored (Table 1). For one of these
females (F4), reproductive behavior was monitored in
detail through intensive telemetry monitoring and camera
trapping (Supplementary material 1). This female gave
birth 3 times in a 6-year period. In addition, reproductive
activity was identified for one other female, which was
photographed by camera traps closely accompanied by a
young individual.

Inter-birth interval

The first birth recorded for F4 was at the end of 2012
(Table 1); however, the infant died 4 weeks after birth.
A second birth occurred 7 months after the death of the
infant, and 8 months after the first recorded parturition
event. The second infant (M17) was monitored until it was
a 2-year-old juvenile, when it was injured, presumably by
a puma (Puma concolor), and died. Finally, 36 months
after the second birth, and 13 months after the death of
that offspring (M17), F4 gave birth to a third infant, which
was monitored until it was 5 months old. Due to severe
flooding in the study area, we were unable to continue
monitoring F4 and its offspring after December 2016.

Table 1: Reproductive events recorded for five female giant armadillos (Priodontes maximus) between 2010 and 2017 in the Nhecolandia

sub-region of the Brazilian Pantanal (19° 16’ 60” S, 55° 42" 60” W).

Reproductive 1d of female Approximate parturition date Sex of Fate of
event (mother) offspring offspring
1 F4 November (2012) M D

2 F4 July (2013) M D

3 F4 August (2016) ] U

4 F15 + February to May (2012) F(F19) A

5 F24 +February to August (2016) M A

6 F27 +December 2016 U u

7 F — not captured +December (2012) to February (2013) F(F16) A

Approximate date of parturition of each female’s offspring is estimated based on its size, behavior and coloration when recorded (see

Table 2). We also incorporated information on the offspring’s sex (male;

female) and fate (dead; alive; unknown).
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Table 2: Proposed guidelines for age estimation of infant giant armadillo Priodontes maximus according to infant’s body coloration and

behavior.

Morphology and behaviour of infant

Estimated age

of infant
Almost all scales in the cephalic shield and carapace light-colored, with only a few slightly darker (“faded”) <20 days
scales; eyes closed
Darker scales on the cephalic shield are pale (“faded”) but distinguishable; scales on the carapace remain ~25-50 days
very pale; eyes closed
Darker scales of the carapace begin to be distinguishable ~40 days
Eyes closed <50 days
Darker scales of the carapace become easily distinguishable from the light-colored scales; eyes open ~50 days
Darker scales of the carapace and cephalic shield are totally distinguishable for the light-colored ones >50 days
Emerges alone and stays on the sand mound >5 months
Plays with its mother on the sand mound in front of the burrow >5 months
Leaves the burrow to forage alone for a short period (less than 3 h) ~8-12 months
Leaves the burrow to forage alone for over 3 h >12 months
Builds its own burrows >18 months

Data based on observations of two infants and one adult female, monitored between January 2012 and June 2015 in the Nhecolandia sub-

region of the Brazilian Pantanal (19° 16’ 60” S, 55° 42’ 60” W).

Infant survival and causes of death

From the seven reproductive events recorded, two have
unknown fates, two infant males died, and two females
and one male survived. Survivors continue to be spo-
radically monitored through camera traps (Table 1). Two
infants (one male and one of unknown sex) had a limited
monitoring period and we cannot state if they survived
or not after their last record by our team. One male died
from a predation attempt at 2 years of age (F4’s second off-
spring), while the other male died at 4 weeks of age (F4’s
first offspring), in a potential non-parental infanticide. An
adult male (M14) entered the nesting burrow after chasing
out the mother (F4) and remained for 42 consecutive
hours inside the nesting burrow with the offspring. After
this period, this infant was found dead. When M14 chased
F4 out of the burrow, he was also recorded trying to climb
on top of her in an apparent mating attempt. Through car-
apace marks and camera trap records, we could identify
this male individual and confirm that it is not the same
individual (M5) thought to have sired the killed offspring
(see Supplementary material 2 for a full description of the
recorded behavior).

Pairing behavior and gestation period

From the 26 giant armadillos monitored during a 7-year
period, adult individuals were only recorded to share a
burrow on one occasion. A non-resident adult male (M5)
sporadically visited the home range, and specifically,

the old burrows used by the resident adult female (F4).
However, for 2 days, in June 2012, M5 and F4 were recorded
sharing a burrow in which they were documented enter-
ing and leaving together. Five months later, in November
2012, camera traps placed in front of F4’s burrow docu-
mented behavioral changes and the birth of its first docu-
mented offspring (Supplementary material 1).

Parental care behavior

All monitored giant armadillos in this project generally
changed burrows every night or every couple of nights.
Female giant armadillos began consistently re-using their
burrows only when they had an offspring. The longest
periods of burrow reuse recorded were those observed
immediately after F4’s first (at least 22 days) and second
parturitions (24 days). Throughout most of the first year
of an offspring, the female returned periodically to the
burrow where its offspring was kept. It nursed its infant
inside the burrow and after a period of time, it guided the
infant to a new nesting burrow. For example, F4’s second
infant (M17) remained in a nesting burrow for 5-20 days
(mean =14), before being taken to a new nesting burrow.
Only 12 burrows were used during the first 6 months of
M17’s life. New nesting burrows were located 20-300 m
away from the previous burrow where M17 had been shel-
tered. During burrow changes, F4 would build a ramp
at the burrow entrance and guide M17, often walking
backwards and nuzzling it (https://www.youtube.com/
watch?v=TolnJ9ISarU). This behavior was recorded for all
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offspring less than 6 months. Even though video camera
traps were equipped with microphones, no sonorous com-
munication between the female and infant were detected.

During the first 10 weeks of M17’s life, when leaving
the burrow for its nightly foraging activities, F4 would
close the burrow entrance by collecting sand with its
front paws and pushing it back with its back paws to
close the entrance (Figure 1). F4 was also recorded to
use the flattened area on the top of her skull to force-
fully seal the nesting burrow’s entrance. This behavior
decreased in frequency as the infants got older (R?=0.86;
F =64.18; p < 0.01; Figure 2). This burrow entrance sealing

Figure 1: Sequence of camera trap photographs illustrating the
burrow entrance sealing behavior by female giant armadillos
(Priodontes maximus) with young offspring.

When (A) females leave the burrow where the infant is, she (B)

digs with her front claws into the sand and kicks it back to seal the
entrance, (C) leaving only once the entrance is fully sealed with sand.
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Figure 2: Frequency of burrow entrance sealing behavior upon
leaving the burrow according to offspring’s age in weeks.

Data from one adult female giant armadillo Priodontes maximus
(F4) monitored between July and December 2013 in the
Nhecoldandia sub-region of the Brazilian Pantanal (19° 16" 60” S,
55° 42" 60” W).

behavior was never recorded for a giant armadillo without
offspring.

The time spent by F4 inside and outside the nesting
burrow was also related to M17’s age (Figures 3 and 4). In
the first days after parturition, F4 would remain inside the
burrow for 18.5+1.57 h (min=16, max=21 h) and outside
it (presumably foraging) for 5.5+ 1.14 h (min =4, max =38).
However, the time spent on each outing was positively cor-
related with M17’s age and increased gradually and then

100

o]
o
|

N
o
N

Number of hours spent outside the
burrow on each outing
D
<

20

T T T T T T T

2 4 6 8 10 12 14 16 18 20 22 24
Offspring age (weeks)

Figure 3: Time (hours) spent by an adult female outside the nesting
burrow (i.e. away from its offspring), during each outing, according
to its offspring’s age (2-week intervals).

Data from one adult female giant armadillo Priodontes maximus
(F4) monitored between July and December 2013 in the
Nhecoldndia sub-region of the Brazilian Pantanal (19° 16’ 60” S,
55° 42" 60” W).

Unauthenticated
Download Date | 9/11/19 2:00 PM



6 —— A.LJ.Desbiezetal.: Giant armadillo reproduction

21
201
19+
18+
171 o

16 .

Time spent inside burrows (h)

154

14

8 10 12 14 16 18 20 22 24
Offspring age (weeks)

2 4 6

Figure 4: Average time (hours) spent by an adult female inside
the nesting burrow (i.e. with its offspring), between its outings,
according to its offspring’s age (2-week intervals).

Data from one adult female giant armadillo Priodontes maximus
(F4) monitored between July and December 2013 in the
Nhecoldandia sub-region of the Brazilian Pantanal (19° 16” 60” S,
55° 42’ 60” W).

leveled off at 16 weeks of age (R?=0.88, F=136.6, p<0.01;
Figure 3). After the first 2 weeks, F4 spent 18-19 h with
M17 and then left for 30 h (resting in a different burrow
after foraging activities). When M17 got older, intervals
of up to 80 h were recorded between encounters with F4.
The length of time F4 spent with M17 inside the nesting
burrow also decreased as M17 got older (R2=0.11; F=6.92;
p=0.01; Figure 4).

The first records of playing behavior between the
adult female and infant were recorded on the sand mound
in front of a nesting burrow when M17 was 5 months old.
The playing behavior consisted of the infant climbing onto
its mother (in a similar manner as described by Aya-Cuero
et al. 2015), nuzzling between the adult female and infant,
and both individuals rolling on their backs and chasing
each other.

Morphological changes in offspring

As infants of giant armadillos presented a light-colored
carapace and cephalic shield that became gradually
darker as they got older (Figure 5), an offspring’s morpho-
logical changes can be used to estimate its age (Tables 2
and 3). Infant size could only be estimated for M17 at
24 days of age (the first time it came out of its burrow
after birth). It was estimated to have an approximate body
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length of 40-45 cm, from the tip of the snout to the tip
of the tail. The first time M17 was photographed with its
eyes open was at 53 days of age. M17 had its eyes closed at
43 days old, so the eyes should have opened between 43
and 53 days of age. Based on these parameters, F4’s first
infant was killed at less than 43-53 days of age, as its eyes
were still closed.

Behavioral changes in offspring

Offspring behavioral changes can also be used to esti-
mate its age (Tables 2 and 3). Unaccompanied exits from
the burrow started to be recorded when offspring were
4 months old. In the first exits, at 4 months of age, infants
remained outside, on the sand mound, between 5 and
20 min and then returned in without exploring beyond
the sand mound. It was only at 7 months of age that M17
left the burrow on its own for a short trip beyond the sand
mound. At 1 year of age, trips lasted an average of 2 h a
night (30 min to 3 h). Between 7 and 19 months of age,
the time spent away from the burrow gradually increased
reaching up to 7 h. M17 was recorded traveling both
alone and with F4. It used exclusively burrows dug by
its mother until 19 months of age. At 19 months of age,
M17 was recorded digging its first burrow alone. Until
it started digging its own burrows, M17 and its mother
would share a burrow once or twice a week, spending
up to 18 h together. Burrow sharing between mother and
juvenile was recorded occasionally between the ages of
19 and 22 months, but with lower frequencies than previ-
ously observed.

Nesting burrow characteristics

Burrows were always located in non-floodable forested
areas, either in murundus, small round-shaped soil
mounds, that can be 0.1-3 m high and 1-20 m wide, or in
forest strips. Nesting burrows, i.e. burrows that shelter
an infant, have large entrances, on average 53 cm wide
and 45 cm high (Table 4). The sand mounds in front of
nesting burrows are large, when compared to regular
burrows. Sand mounds spread for 3 m on average
[standard deviation (SD) = 0.52] from the entrance of the
burrow (maximum length), and are 67.5 cm tall (from
soil level to the top of the mound) on average (SD =7.6).
One of the characteristics of a nesting burrow is that it
is the only burrow to have sand all around the edges of
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Figure 5: Changes in the coloration of the infant giant armadillo (Priodontes maximus) over time.

Coloration at: (A) 24 days old; (B) 31 days old; (C) 43 days old (notice eyes are closed) (D) 53 days old (notice the eyes are open); (E) 78 days
old; (F) 106 days old. Records of two infants monitored between January 2012 and June 2015 in the Nhecolandia sub-region of the Brazilian
Pantanal (19° 16" 60” S, 55° 42’ 60” W).

Table 3: Proposed guidelines for age estimation of the infant giant
armadillo Priodontes maximus according to the mother’s behavior.

Table 4: Comparison between regular burrow entrances (n=87;
Desbiez and Kluyber 2013) and nesting burrow entrances (n=7; this
study).

Behavior of mother Estimated age of

infant (in weeks)  Excavation type Burrow Nesting burrow
Leaves the nesting burrow for an average <3 Width+SD 39.68+5.81 53.17+5.52
of 6 h and returns every night Min-Max 29-51 46-60
Leaves the nesting burrow only for one 3-¢ Height£SD 32.64£5.25 45%+5.36
night and then returns Min-Max 26-50 41-52
Leaves the nesting burrow for only two 6-10  Measurements of width and height of burrow entrances in
nights and then returns centimeters. Data from 26 giant armadillos (Priodontes maximus)
Almost always closes the burrow entrance <10 monitored between 2010 and 2017, in the Nhecolandia sub-region of
when leaving it the Brazilian Pantanal (19° 16’ 60” S, 55° 42’ 60” W).
Leaves the burrow for more than two nights >10  sp, Standard deviation.

before returning to the nesting burrow

Data based on observations of two infants and one adult female,
monitored between January 2012 and June 2015 in the Nhecolandia
sub-region of the Brazilian Pantanal (19° 16’ 60” S, 55° 42" 60” W).

the entrance including on top. This is the result of the
mother’s burrow sealing behavior when she leaves the
offspring inside.
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Discussion

Although this study is mostly based on comprehensive
information from one female and brief observations from
four others, it does provide the first detailed data on the
reproductive behavior of giant armadillos, including ges-
tation period, inter-birth intervals, number of offspring
and parental care. Results also allow to estimate the age
of giant armadillo offspring according to morphological
and behavioral traits (Tables 2 and 3).

There islittle reliable information on gestation periods
in armadillos. For the nine-banded armadillo (Dasypus
novemcinctus), gestation is estimated at 4-5 months,
from the moment the fertilized embryo implants (McBee
and Baker 1982). Desbhiez et al. (2018) observed a 4-month
gestation period in the southern naked tailed arma-
dillo (Cabassous unicinctus). Merrett (1983) proposed a
4-month gestation period for giant armadillos. This study
suggests a gestation period of 5 months. When F4 was reg-
istered with the male M5, she was the only animal being
monitored in the study area and was followed very closely
through telemetry and camera traps. She was not seen in
the proximity of any male besides the registered episode
with M5, increasing our confidence that M5 sired her off-
spring (Supplementary material 1).

Inter-birth intervals are one of the key parameters in
determining reproductive rates. There are no reliable esti-
mates for inter-birth intervals for giant armadillos (Carter
et al. 2016). The first two of F4’s offspring died before
having a chance to disperse. Inter-birth intervals tend to
be shortened with the death of a young prior to its inde-
pendence (Lewison 1998, Bercovitch et al. 2004, Balme
and Hunter 2013). The death of the first infant could
have shortened the inter-birth period (8 months) when
compared to the following birth interval (3 years). At the
time of its death, the juvenile M17 was fully weaned and
independent, even though it still occupied its mother’s
territory and occasional encounters between them were
recorded. An inter-birth interval of 3 years is longer than
that proposed for the largest South American terrestrial
mammal, the lowland tapir (Tapirus terrestris) estimated
at 18 months (Medici and Desbiez 2012). This interval is
closer to that recorded for the largest terrestrial mammal,
the African elephant Loxodonta africana, which ranges
between 3.3 and 4.5 years (Gough and Kerley 2006).

The estimated 3-year birth interval is based on a single
data point, and more data need to be collected to estimate
the inter-birth interval in giant armadillos. To date, obser-
vations of births in the study area have been rare, even
though other adult females have been monitored. Four
adult females have been intensively monitored for up to

DE GRUYTER

2 years during which they did not give birth, nor cared for
an infant, nor were they registered interacting with juve-
niles. This may also indicate that the interbirth period in
giant armadillos may be longer than expected, and inter-
vals could potentially be longer than 3 years.

Through camera traps, we also recorded two other
females with large-sized young. The juveniles were esti-
mated to be 14-16 months and 16-18 months old, due to
their relative size, coloration and behavior. Aya-Cuero
et al. (2015) also photographed a female with a large juve-
nile. These observations confirm the prolonged parental
care of the species. Hence, a 3-year inter-birth interval
appears to be a reasonable estimate considering the infor-
mation collected to date here and elsewhere.

Our observations indicate that parental care in giant
armadillos is much longer than expected. Neris et al. (2002)
estimated that the young suckled for 4-6 months, while
Aya-Cuero et al. (2015) predicted an even longer duration.
Our monitored infants were completely dependent on its
mother’s milk and barely left the burrow until 6-8 months
of age. Weaning seems to occur at 11-12 months, when the
young begins to forage for short periods, but we suspect
juveniles still suckled occasionally as their mother regu-
larly returned for 18-h periods in the burrow with them.
In addition, juveniles were dependent on their mother’s
burrows until they were 18 months old. Parental care is
therefore long in giant armadillos.

Behaviors such as closing the burrow upon departure
only occurred when the infants were less than 20 weeks
old. The adult female, almost systematically, closed the
burrow for the first 12 weeks of the infant’s life, and then
gradually abandoned the practice. This behavior was
documented for all reproductive events of F4 and was reg-
istered by Aya-Cuero et al. (2015) for an infant that was
estimated to be 3—4 months old.

Giant armadillo burrows are used by various species
(Leite Pitman 2004, Desbiez and Kluyber 2013, Aya-Cuero
et al. 2015, Massocato and Desbiez 2017) including car-
nivores such as ocelots (Leopardus pardalis) and crab-
eating foxes (Cerdocyon thous) that could prey on young
armadillos. By carefully sealing the entrance, not only by
throwing sand with its back paws but also by pressing its
upper skull on the sand, compacting it to ensure it is well
closed, the female may prevent unwelcome visitors, hide
olfactory clues of the infant’s presence, as well as main-
tain the temperature in the burrow.

It was believed that giant armadillos could have up
to two offspring at a time. Most articles cite Krieg (1929)
who reports that giant armadillos have one or sometimes
two young per year. In addition, there is an old picture
that shows a female giant armadillo with two infants. This
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picture was traced back to Gijzen (1965) who described
and published a picture of a female giant armadillo and
its two young that arrived together at the Antwerp Zoo
on February 8th 1965. However, these two offspring were
eventually identified as a different species, the southern
naked-tailed armadillo (Cabassous unicinctus) making
this picture very misleading (Gijzen 1966, Matthias Papies
pers. comm.).

In this study, on all seven occasions where female
giant armadillos were recorded with their offspring, they
had just one infant. The records of Aya-Cuero et al. (2015)
in Colombia also show only one infant with each female.
Due to the species’ notoriously low density, and high
investment in parental care (this study), it is believed that
overall, giant armadillos only have one offspring at a time
and twin births would be exceptional.

It is possible that the first infant intensively monitored
was the victim of non-parental infanticide — the killing of
immature infants by conspecifics other than the parents.
Non-parental infanticide has been described for a wide
variety of animals in the wild (Hrdy et al. 1994) and in
captivity for other armadillo species (Cortés Duarte et al.
2016). Infanticide is a widespread phenomenon among
animals and its occurrence has a number of explanations
(Hrdy 1979), usually related to the potential benefits to the
perpetrator (Ebensperger 1998). The death of the infant
could have been accidental following a non-adaptive
explanation (Ebensperger 1998). However, the behavior of
the male of remaining in the burrow with the infant for
48 h after seemingly “chasing away” the female makes
this hypothesis less likely.

The events registered appear to follow the sexual
selection hypothesis, in which infanticide is used to obtain
increased access to breeding females (Ebensperger 1998).
According to Hrdy (1979), the sexual selection hypothesis
requires some conditions. (1) Infanticidal males should
not kill offspring they have sired. In this case, the male that
killed the infant was not the presumed father. (2) Elimina-
tion of offspring should shorten the interbirth period of
the victimized females. The interbirth interval was much
shorter (8 months) after the infanticide, than it was after
the natural death of offspring (36 months). (3) Infanticidal
males should mate and sire the subsequent offspring of
the mother of the infant killed. A genetic sample of the
mother, offspring and the infanticidal male were obtained
to verify this condition, but await analysis.

Despite a wide distribution, giant armadillos are natu-
rally rare wherever they occur. Density estimates for giant
armadillos range from 3.36 individuals/100 km? (Silveira
et al. 2009), 4.7-5.3 individuals/100 km? (Carter 1983) to
5.77-6.28 individuals/100 km? (Noss et al. 2004). In the
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study area, densities were estimated at 7.65 individuals/100
km? [confidence interval (CI)=5.68-10.19 ind./100 km?]
(Deshiez et al. in press). Results on the reproduction of
giant armadillos from this study suggest that the popu-
lation growth rate is very low as only one infant is pro-
duced at a time and inter-birth intervals could be at least
3years. Furthermore, in this study, two of the seven infants
recorded in a 7-year period died and two have an unknown
fate. As such, the removal of any adult individuals from the
population could have a high impact on the local demogra-
phy. Anthropogenic threats to giant armadillos are typical
of Neotropical species and include habitat loss, hunting,
road kill and possibly even trade (Anacleto et al. 2014).
Due to low population growth rates, the species lacks resil-
ience to anthropogenic impacts, and populations will not
recover easily. Reproductive data provided in this paper
illustrate one of the reasons giant armadillos are so rare,
and why they can so easily become locally extinct. This is
currently occurring in more disturbed biomes such as the
Atlantic Forest where giant armadillos are heading toward
extinction (Srbeck-Araujo et al. 2009).
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