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Abstract
Resource selection provides essential information about species strategies to meet their biological
requirements, and is key for conservation strategies development. Although intraspecific variation
in behavior is widespread, most resource selection studies have ignored intrapopulation variability.
We aim to understand if individuals have different habitat selection preferences depending on life
stage, sex, and behavioral state. As a model, we use the vulnerable fossorial giant armadillo Priodontes maximus in the Pantanal. We tracked 23 individuals between 2010 and 2018 using telemetry (12240 locations). Habitat selection during activity and rest were estimated using step and
resource selection functions, respectively. Giant armadillos selected different landscape features
according to sex, life stage and behavioral state highlighting the potential bias in habitat selection
studies based only on one life stage or behavioral state, especially for fossorial species. Younger
individuals presented higher selection strength of forests, with denser vegetation and less predation risk, for activity and rest, which is not common for species with long parental care. Sexual
differences evidenced that females, which are exclusively responsible for parental care, presented
stronger selection of forests and closed savannas during rest. Closed savannas, with high food availability, were selected for activity irrespective of sex or age. Floodable areas were selected only by
adult males, presumably to improve mobility. Our findings indicated that females select habitats
in a way to balance offspring safety and food availability, while males are risk takers and explore
space widely. Forests showed to be fundamental for the species survival, especially during early life
stages. Unfortunately, harmful management practices recently adopted, e.g., conversion of forests
into pasture and fires, affect the habitats selected by this ecosystem engineer. Giant armadillos can
act as umbrella species, as strategies targeted at protecting this charismatic large mammal could
provide wider benefits for biodiversity conservation and ecosystem services in the Pantanal.

Introduction
Habitat selection results from the balance between gains (e.g. food
availability) and costs (e.g. predation risk; Clutton-Brock et al., 1987),
serving as proxy for individual fitness (e.g. reproductive success;
Uboni et al., 2017). The understanding of habitat requirements of
threatened species allows us to estimate the potential impacts of habitat changes due to management practices used by landowners and recommend best practices (Stewart et al., 2019). Nevertheless, if intrapopulation differences in habitat selection are detected (e.g. between
age classes, sexes or even behavior), this would need to be taken into account when developing these strategies. Multiple intrinsic (e.g. physiology) and extrinsic factors (e.g. intraspecific relationships) can influence movement and habitat selection patterns of individuals (Bartolino et al., 2011; Nathan et al., 2008). Patterns of resource selection
can change along an individual life cycle due to changes in selective
pressures for individuals of different sizes and age classes (e.g. predation risk, physiology and resource requirements; Bartolino et al., 2011;
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Imansyah et al., 2008; Schupp, 1995). This is relevant for species conservation because if, for example, strategies are based mainly on adult
behavior and, juveniles present different habitat and resource requirements, juvenile recruitment could be affected (Paterson et al., 2012;
Schupp, 1995).
Depending on the species morphology, biology and mating system,
individuals of different sexes might present different behavioral strategies and selection patterns in order to decrease predation susceptibility
and increase individual Darwinian fitness (Saïd et al., 2012; Bartelt et
al., 2004; Main et al., 1996). According to the predation-risk hypothesis for mammals, females tend to trade off food quality of habitats to
favor offspring safety, since female reproductive success is given by
offspring survival. On the other hand, males achieve reproductive success by finding mates and tend to select habitats with high-energy gain
and potentially higher risk, given that males are not involved in parental
care activities and adults are less susceptible to predation (Main et al.,
1996; Clutton-Brock et al., 1987).
Behavioral state can also influence resource selection. Selection during rest/sleep periods indicates where animals find suitable habitat to
establish shelters and burrows, which are especially important elements
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Hystrix, It. J. Mamm. (2020)

2(31): 123–129

habitat loss and degradation are the primary causes of biodiversity decline worldwide (Haddad et al., 2015).
In this context, we aimed to understand if individuals have different
habitat selection preferences depending on life stage, sex, and behavioral state. As a model, we used the vulnerable fossorial P. maximus
in private cattle ranches of the Brazilian Pantanal. We expected: (1)
adults to select safer habitats for resting and habitats with more food
resource availability when active; (2) juveniles to select safer habitat
features, regardless of activity status or sex, when compared to adults;
(3) adult females to select habitats in a way to balance offspring safety
and food resource availability; and (4) adult males to use the landscape
more widely, selecting habitat types that maximize food resource and
mate encounter, as predicted by the predation-risk hypothesis.

Material and Methods
Study area

Figure 1 – Landscape structure of the region where the twenty-three giant armadillos
Priodontes maximus (white circles) were captured between July 2010 until January 2018. In
the upper right, the location of our study site (cross), in the Pantanal wetlands (grey) of
Mato Grosso do Sul state, Midwestern Brazil. In the inset, a close-up on the landscape
structure near the capture location of one of the armadillos.

of fossorial and semi-fossorial species ecology. On the other hand, resource selection during activity periods indicate where animals can find
suitable conditions for foraging, moving and searching for mating partners (Attias, 2017). Hence, conservation efforts can be hampered if
habitat requirements differ between behavioral states (e.g. sheltering
and foraging) and this is not taken into account.
The giant armadillo Priodontes maximus Kerr, 1792 (Mammalia:
Cingulata) is a cryptic fossorial South American species. They occur
at low densities and have a low population growth rate, which limits
its ability to recover from anthropogenic disturbances (Desbiez et al.,
2020a,b). The species is currently classified as “Vulnerable” (A2cd)
on the IUCN Red List of Threatened Species due to habitat loss, hunting and illegal animal trafficking (Anacleto et al., 2014). Priodontes
maximus dig deep excavations to both feed and rest. This behavior influences resource availability for at least 70 other species, granting P.
maximus the role of an allogenic physical ecosystem engineer (Desbiez
and Kluyber, 2013).
Based mainly on the presence of their characteristic excavations and
on few individuals captured, P. maximus has been reported to occur
in humid to dry lowland forests (Carter et al., 2016; Noss et al., 2004;
Emmons and Feer, 1997; Cabrera and Yepes, 1940), using open habitats (Silveira et al., 2009), closed savannas (Anacleto, 1997) and forests
(Merritt, 2008). However, the occurrence of an animal or its traces in
a given type of habitat does not imply that the individual actually selected this habitat feature — i.e. used it disproportionately to its availability (Beyer et al., 2010; Johnson, 1980). These indirect evidences
of the species and the few individuals tracked to date have not allowed
the study of resource selection for this species, but rather descriptions
of where evidence has been found (e.g. Silveira et al., 2009; Anacleto,
1997). Furthermore, due to the nature of the available data, previous
studies could not take into consideration intra-population variability or
differences between behavioral states, which are especially relevant aspects for this long-lived species, with a long juvenile phase, that spends
the day underground sheltering and the night above ground foraging
(Desbiez et al., 2019).
The highest densities of the rare P. maximus have been recorded on
private cattle ranches in the Brazilian Pantanal (Desbiez et al., 2020a).
Unfortunately, in the recent past, there has been an increase in the conversion rates of natural landscapes in this region mainly due to the
conversion of woodlands into exotic pastures and use of seasonal prescribed fires (Alho, 2008). This is worrisome since habitat conversion,
fires and grazing pressure are considered some of the main threats to
biodiversity conservation in South America (Jarvis et al., 2010) and
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The Pantanal is a 140 000 km2 floodplain that holds some of the largest
known populations of several threatened mammals (Harris et al., 2005).
This study was carried out between July 2010 and January 2018,
in a 350 km2 area that includes seven traditionally managed cattle
ranches (19°160 6000 S,55°420 6000 W) in the Nhecolândia sub-region of
the Brazilian Pantanal. Historical mean temperature is 25.4 ◦C, climate
is classified as semi-humid tropical (Aw), with a hot, rainy season (October to March), and warm drier season (April to September; Soriano,
2000).
The landscape of this region is a mosaic of different habitats that include permanent and temporary ponds, natural and exotic open grassland, open savanna, closed savanna and semi-deciduous forest (Abdon
et al., 1998; Fig. 1). Our study area lacks watercourses, but presents
widespread flooding during the rainy season. Floodable areas are covered by grassland and sparse shrubs during the dry season, and completely or partially flooded during the flood season. Higher areas that
are not subjected to flooding are covered by denser vegetation, such as
closed savanna and semi-deciduous forests (Harris et al., 2005). Areas of closed savanna include a landscape feature characteristic of the
Pantanal and other savannas, the “murundu”. “Murundus” are small
round-shaped island-like mounds, composed of soil, clay and/or sand,
that can be 0.1 to three meters high, and one to 20 meters wide (Borges
and Tomás, 2008). These discrete features are covered by dense Cerrado vegetation and usually present at least one termite nest in its center. Due to its height, they are rarely subject to flooding, but can be
surrounded by water during floods. Closed savannas at our study areas
are composed of many “murundus” interspersed by grassland.
Only 2.5% of the Pantanal’s territory is formally protected and most
land is privately owned and used for traditional extensive cattle ranching (Harris et al., 2005). Under this type of management cattle is
raised in natural grassland and woodlands are preserved. Hence, anthropogenic threats in the study area are low overall (with limited habitat loss, limited hunting and no paved roads). Unfortunately, due to cultural and economic changes, there has been an increasing conversion
rate of the native vegetation in the Pantanal in recent past and areas of
woodland (i.e. forest and closed savanna) are being converted, mainly,
into grasslands (Miranda et al., 2018).

Capture, handling and monitoring
We followed the capture and handling procedures described in Desbiez
et al. (2020a). Once captured, we chemically immobilized animals to
collect individual information and implant intra-abdominal VHF radio transmitters (IMP 310, Telonics, Inc., Mesa, AZ — weight = 38.5
g, i.e. 1.3% of armadillo’s average body mass; Desbiez et al., 2020a;
Hernandez et al., 2010; Silveira et al., 2009). Once procedures were
terminated, anesthesia was reversed and, after full recovery in a ventilated wooden box, animals were released in the same burrow they were
captured (Desbiez et al., 2020a).
Animals were monitored for 15 days per month on average. Monitoring to locate animals resting inside burrows was accomplished through
VHF telemetry using the homing-in to the animal technique (Samuel
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Figure 2 – Telemetry locations of the twenty-three giant armadillos (Priodontes maximus)
tracked at Baía das Pedras ranch, Aquidauana, Brazil, from July 2010 until January 2018.
GPS telemetry activity records are represented by black circles and VHF telemetry burrow
locations are represented by white triangles. (a) Locations for all armadillos monitored.
(b) Example of locations recorded within an individual’s home range (female – TC04,
monitored between October 2011 until October 2015) to enable detailed visualization of the
dataset of habitat use and habitat availability.

and Fuller, 1994). Once encountered, burrow location was recorded using a hand held GPS. In addition, most animals were temporarily fitted
with a GPS tracking device (TGW-4100-2, Telonics, Inc., Mesa, AZ —
71 g i.e. 2.37% of armadillo’s body mass) at the moment of first capture and/or through recaptures during monitoring. GPS devices were
externally attached to the animal’s carapace, while anesthetized, following the methods previously used by Silveira et al. (2009). Devices
obtained fixes with 30 minutes intervals between 1800 h and 0400 h,
when animals were most likely to be active according to preliminary
camera trap records. Due to the depth of P. maximus burrows, GPS
devices only recorded locations when animals were active and above
ground. Hence, all GPS records were identified as activity records.

Data analysis
Using ArcMap 10.5, we combined the bands 4, 3, and 2 (in this order)
of Landsat 8 imagery obtained in 2018 to perform a supervised classification of the landscape features at our study site. Habitat type of the
study site was characterized according to vegetation cover and summarized in the following categories: forest (18.85% of the study area),
closed savanna (27.14%), open savanna (18.6%), and floodable areas
(35.36%; Fig. 1).
We characterized habitat selection of P. maximus during activity, using GPS locations, and during resting periods, using VHF locations of
burrows in use. Due to the high temporal resolution of the GPS data and
the regular time interval between fixes we used Step Selection Functions (SSF; Forester et al., 2009; Fortin et al., 2005) to evaluate habitat
selection during activity. For each actual location of each armadillo, we
generated 30 random possible steps, sorting from the observed distribution step lengths and turning angles. This approach enables accounting
for changes in resource availability while animal moves across space.
We recorded the habitat type at the end-point of each used and available
random step of each armadillo. We fitted the SSF using a Conditional
Logistic Regression (CLR) using the function clogit in the package
survival (Therneau, 2015) in R (R Development Core Team, 2019).
The CLR model was conditioned to each step within individual (where
observed steps were scored as one and random available steps were
scored as 0).
Given the variable time lag between VHF locations for the same individual, we used Resource Selection Functions (RSF; Manly et al.,
2002) to characterize habitat selection during the resting period, i.e.
burrow locations. To maintain a similar spatial scale to that used in the
SSF model, we evaluated third-order individual-level selection (sensu
Meyer and Thuiller, 2006) of burrow locations. Hence, we recorded
the habitat type for each of the 1159 VHF burrow locations to characterize habitat use, and for 1159 random locations, to characterize habitat availability. Random locations were sorted from the home range
area of the monitored individuals using the function spsample in the
package sp (Pebesma and Bivand, 2005). To characterize home range

area we used Autocorrelated Kernel Density Estimates (AKDE 95%;
Fleming et al., 2015), in the same manner as described in Desbiez et
al. (2020a), through the package CTMM (Fleming and Calabrese, 2018).
The RSF model was fitted using CLR, which was conditioned by individual identity. Observed locations were scored as one and random
locations were scored as zero.
Because multiple factors can influence habitat selection, we fitted
four different models for each data set (i.e. activity and rest): one accounting only for the effects of habitat type; one accounting for the
effects of habitat type and sex of individuals; one accounting for the effects of habitat type and body mass of individuals; and one accounting
for the effects of habitat type, sex and body mass of individuals. We
used Akaike’s Information Criterion (AIC) for model ranking through
the function aictab of the AICcmodavg package (Mazerolle, 2019).
Results of the best-ranked model were plotted using the relative selection strength of each habitat type, which was interpreted as the effect
size, i.e., the exponential value of the model coefficients (Avgar et al.,
2017; Forester et al., 2009). For model interpretation, we used a weight
of approximately 30 kg as a threshold between adult and juvenile individuals as suggested by Desbiez et al. (2019) morphometry study.

Results
In a period of eight years, we captured and monitored 23 P. maximus
(13 F, 10 M) through telemetry methods (Tab. S1). Fifteen of these individuals were adults, with mean body mass of 33 kg (28.6–36.9), and
eight were juveniles, with mean body mass of 25.6 kg (18–30.4). Animals were monitored for a median time span of 372±545 days (min=34,
max=1862 days). We gathered 11081 GPS activity records and 1159
VHF records of inactivity (Fig. 2).
Locations of resting sites were found mainly in forests (48.7%), followed by closed savannas (38.6%), floodable areas (8.1%) and open
savannas (4.6%). The best-ranked model to explain resource selection during rest took into consideration not only the habitat type but
also individual body mass and sex (Tab. 1). For resource selection during activity, the two best-ranked models took into consideration habitat
type and sex, and habitat type, sex and body mass (Tab. 2). We plotted
the latter model to allow comparisons between the models for the two
behavioral states (Fig. 3).
Most activity records were located in closed savannas (39.6%), followed by forests (29.2%), floodable areas (17.4%) and open savannas
(13.9%). The selected SSF model showed that, during activity, lighter
individuals showed stronger selection of forests than heavier ones and
males showed a stronger selection pattern than females (Fig. 3). Floodable areas were selected by males and avoided by females during activity, regardless of body mass. Individuals of both sexes selected closed
savannas for activity, regardless of body mass. However, the selection
strength of closed savannas was stronger for males. Finally, open savannas were used according to their availability during activity, regardless
of sex or body mass.
For burrow locations, the RSF model shows that P. maximus selected mainly forests. Nevertheless, selection strength of forests was
stronger for females, when compared to males, and for lighter individuals of both sexes (Fig. 4). Floodable areas were avoided for resting by
both sexes, especially for heavier individuals. Closed savannas were
selected by females and avoided by males, regardless of body mass.
Finally, open savannas were avoided for resting, regardless of sex and
body mass. See Supplemental materials for coefficients of both SSF
(Tab. S2) and RSF models (Tab. S3). Fig. 5 provides a visual summary of the selection patterns encountered during activity and rest for
animals according to age class.

Discussion
Variation in resource selection patterns
We demonstrated that, as hypothesized, P. maximus selects different
landscape features according to life stage, behavioral state and sex. The
intensive and long-term GPS monitoring techniques applied generated
unprecedented fine-scale resource selection information associated to
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Figure 3 – Habitat selection of giant armadillo Priodontes maximus during activity according to individual body mass and sex. Male relative selection strength in represented
by solid lines (mean) with green shading (SD), and female relative selection strength is
represented by dashed lines (mean) with purple shading (SD). Individual plots present armadillo selection strength for each habitat type (forest, closed savanna, open savanna and
floodable areas): values above 0 indicate selection; values below 0 indicate avoidance; and
values close to 0 indicate use according to availability. Data from twenty-three individuals
tracked at Baía das Pedras ranch, Aquidauana, Brazil, from July 2010 until January 2018.

behavioral data and individual information. Hence, previous studies
with small sample sizes are unlikely to have captured the behavioral
patterns and variability expected in a population. Furthermore, this
study reveals the potential bias of habitat selection studies of fossorial
and semi-fossorial animals that are often based only on burrow locations or detection methods that only record animals during activity (e.g.
camera traps).
Priodontes maximus selected forests for both activity and rest in the
Pantanal. The broad use of humid to dry lowland forests by P. maximus
has been reported for several localities (Carter et al., 2016; Noss et al.,
2004; Emmons and Feer, 1997; Cabrera and Yepes, 1940). Aya-Cuero
et al. (2017) recorded P. maximus building burrows at riparian forest
habitats in Colombia and associated the use of this type of habitat to
increased availability of ants and termites. Nevertheless, although ants
and termites build their nests in dry patches within forests in the Pantanal (Mathews, 1977), their highest densities are found in other habitat
types (Anacleto, 1997).
For burrow excavation and resting, P. maximus selected mainly
higher ground forests and closed savannas (Fig. 5). In contrast with
the lower ground vegetation types, these vegetation types are less affected by flooding events, since they are above the underlying water
table (Harris et al., 2005), helping to keep the burrows dry. Anacleto
(1997) encountered evidences of P. maximus burrowing and foraging
mainly in closed savannas (“cerrado”), but also in forested areas, open
savannas and grasslands. However, the description of burrowing activities in lowland and open vegetation types could be due to potential
misidentifications of feeding holes as sleeping burrows. Priodontes
maximus spends 80% of its time underground inside its burrows, where
it rest and shelter from predators and unfavorable environmental con-

Table 1 – Ranking of the four competing resource selection function models fitted to
characterize habitat selection by Priodontes maximus during rest. Models account for the
effects of vegetation cover type (“Habitat”), individual body mass (“Mass”) and individual
sex (“Sex”). Number of parameters (k), relative difference between models (∆AICc), weight
of the model (w), cumulative weight (cum w) and log likelihood (LL). Data from twentythree individuals tracked at Baía das Pedras ranch, Aquidauana, Brazil, from October 2011
until January 2018.
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Model

k

LL

∆AICc

w

cum w

Habitat:Sex:Mass
Habitat:Sex
Habitat:Mass
Habitat

11
7
7
3

−1419.60
−1426.43
−1426.73
−1440.91

0.00
5.61
6.21
26.51

0.90
0.05
0.04
0.00

0.90
0.96
1.00
1.00

Figure 4 – Habitat selection of giant armadillo Priodontes maximus during rest according to individual body mass and sex. Male relative selection strength in represented by
solid lines (mean) with green shading (SD), and female relative selection strength is represented by dashed lines (mean) with purple shading (SD). Individual plots present armadillo
selection strength for each habitat type (forest, closed savanna, open savanna and floodable areas): values above 0 indicate selection; values below 0 indicate avoidance; and
values close to 0 indicate use according to availability. Data from twenty-three individuals
tracked at Baía das Pedras ranch, Aquidauana, Brazil, from July 2010 until January 2018.

ditions (Desbiez and Kluyber, 2013; González et al., 2001). Therefore,
burrow location selection plays an important role for individual fitness
and survival.
Forests were selected by adult females for burrow excavation and by
juvenile individuals of both sexes for activity and rest. This tendency
could be related to increased predation risk of juveniles, female parental
care behavior and/or thermoregulation strategies. Females with offspring tend to choose safer habitat types, even at the expense of resource availability (Saïd et al., 2012; Main et al., 1996; Clutton-Brock
et al., 1987). Despite the lower availability of food resources (Anacleto,
1997), forests have denser vegetation and arboreal cover, which potentially decreases armadillo detection and predation risk. Hence, the selection of forests by adults for burrow excavation, especially by adult
females, and overall by juveniles corroborates the predation-risk hypothesis and our initial hypotheses. In addition, forests can also buffer
air temperature variation, which can be important for basoendotherms
such as P. maximus and especially advantageous for smaller individuals, with less thermal inertia for thermoregulation and energy conservation (Attias et al., 2018; Maccarini et al., 2015). Priodontes maximus burrows inside forests maintain a nearly constant temperature of
25.5±1.98 ◦C (Desbiez and Kluyber, 2013).

Figure 5 – Visual representation of the habitat selection patterns by giant armadillos Priodontes maximus in relation to the available vegetation types in the Pantanal wetlands of
Mato Grosso do Sul state, Midwestern Brazil. Armadillo size is indicative of armadillo age
class; large armadillos portray adults and small armadillos portray juveniles. Armadillos
above ground represent selection patterns of individuals during activity and armadillos
underground, in burrows, represent selection patterns during rest. Available habitats are
classified in four categories: Floodable areas (grasslands and sparse shrubs during the
dry season and flooded during the flood season); Open savannas (flooded for relatively
shorter periods and covered by sparse vegetation); Closed savannas (round mounds of
soil covered by dense Cerrado vegetation – “murundus” – interspersed by grassland); and
Forest (semi-deciduous forest vegetation).

Resource selection by a threatened fossorial mammal

The most dynamic changes within an individual’s life history often
occur in the early life phases, often reflecting greater selection pressures on survival (Imansyah et al., 2008). Differences in the spatial
ecology suggest that different selection pressures may affect P. maximus of different age classes (Paterson et al., 2012). Although ontogenetic differences in habitat selection are usually observed for species
without parental care behavior, such as plants, fishes, lizards and turtles (Paterson et al., 2012; Bartolino et al., 2011; Imansyah et al., 2008;
Schupp, 1995), P. maximus presents a long period of parental care, with
females caring for their offspring for over a year after birth. Furthermore, juveniles present slow growth rates and reach sexual maturity
only at around seven to eight years of age (Desbiez et al., 2019, 2020b;
Luba et al., 2020), being subject to different pressures (e.g. increased
predation risk) for a long period of their lives.
Closed savannas were selected by both sexes and age classes for activity and by females for burrow excavation and rest. The selection of
closed savannas could be related to increased food resource availability in these areas. Closed savanna areas covered by Cerrado vegetation,
such as the “murundus”, have the highest relative abundance of ant and
termite nests when compared to the other common habitat features of
Brazilian savannas (Anacleto, 1997). Hence, the use of this habitat feature for burrowing by females corroborates hypothesis 3, that females
would select habitats in a way to balance offspring safety and food resource availability.
Open savannas and floodable areas were avoided for resting, regardless of sex. These two habitat features present reduced vegetation cover
and could leave animals more vulnerable to climatic events, such as
temperature extremes and wind as well as make the large burrows more
conspicuous, making animals vulnerable to predators. Nevertheless,
during activity, floodable areas were selected by males, but avoided by
females.
Differences in resource selection patterns between sexes can be related to differences in their movement and reproductive behaviors.
Male P. maximus range over large areas, presenting an exploratory
movement behavior that is not exclusively governed by its energetic requirements. Meanwhile, females select primarily areas of denser vegetation and do not overlap their relatively small home ranges with those
of other females (Desbiez et al., 2020a). The Pantanal landscape is a
natural mosaic composed of areas of denser vegetation interspersed by
floodable areas. Hence, even though floodable areas are relatively poor
in food resources, they may have been selected by males to improve
their mobility between multiple areas of exclusive use by females, potentially increasing their chances of mate encounter. This pattern, associated with the previously described pattern of forest and closed savanna selection, corroborates hypothesis 4, that adult males are risk
takers and explore space more widely, selecting habitat types that maximize not only food resource but also mate encounter.

Coupling land management and species conservation
Adult P. maximus require, on average, 25 km2 with almost exclusive
use (Desbiez et al., 2020a). Therefore, large expanses of habitat are required to hold healthy populations of this threatened territorial species
and, except in the Amazon, few protected areas within the species
Neotropical range possess such an extent to maintain long-term viable

Table 2 – Ranking of the four competing step selection function models fitted to characterize habitat selection by Priodontes maximus during its activity. Models account for the
effects of vegetation cover type (“Habitat”), individual body mass (“Mass”) and individual
sex (“Sex”). Number of parameters (k), relative difference between models (∆AICc), weight
of the model (w), cumulative weight (cum w) and log likelihood (LL). Data from twentythree individuals tracked at Baía das Pedras ranch, Aquidauana, Brazil, from October 2011
until January 2018.

Model

k

LL

∆AICc

w

cum w

Habitat:Sex
Habitat:Sex:Mass
Habitat:Mass
Habitat

7
11
7
3

−37 918.16
−37 914.40
−37 943.08
−37 954.21

0.00
0.49
49.84
64.10

0.56
0.44
0.00
0.00

0.56
1.00
1.00
1.99

populations. Medium to large sized threatened species with large area
requirements need conservation plans that go beyond the establishment
of protected areas (Tyrrell et al., 2020). Hence, the development of
proper management strategies for landscape features of interest outside
protected areas’ boundaries is key to these species’ conservation. More
than half of the native vegetation remaining in Brazil is found in private areas (Sparovek et al., 2012) making them an essential component
for biodiversity conservation (Michalski et al., 2010). Therefore, it is
important to understand which land use practices on private lands contribute to the maintenance of healthy animal populations (GonzálezRoglich et al., 2012).
Forests are fundamental to the survival of P. maximus, especially in
their early life stages. This is relevant because captive breeding and
reintroduction are currently not viable conservation strategies for this
threatened species (Carter et al., 2016). Hence, in situ conservation
strategies such as targeted habitat protection that can aid, for example, in juvenile survival, could significantly contribute to the conservation of this species that presents a naturally low population growth rate
(Desbiez et al., 2019; Carter et al., 2016). Forests also have the highest
densities of mammals and are considered the most important habitat
feature in the Pantanal in terms of relative energy consumption (Desbiez et al., 2010). The Pantanal is dominated by extensive private lands
that have been dedicated to traditional cattle ranching for over 250 years
(Harris et al., 2005). This type of activity has proven to be a sustainable management approach that maintains ecosystem function, biodiversity and dynamics of the natural landscape mosaic (Hoogesteijn and
Hoogesteijn, 2010; Desbiez et al., 2009; Harris et al., 2005). However,
more recently, higher ground forests have been targeted for conversion
due to shifts in land management strategies in the Pantanal and about
43% of the area covered by forests has been converted into pasture in
the past 15 years (Miranda et al., 2018). Furthermore, it is estimated
that, if conversion rates continue to follow the current trend, a complete
loss of native vegetation in the Pantanal floodplain can be expected by
2045 (Silva et al., 2011; Alho, 2008). This could strongly affect P. maximus recruitment, leading to population declines, and even local extinction. Given its restricted occurrence and key function in the Pantanal
landscape, Wantzen et al. (2008) suggest that forests should be fully
protected, regardless of the strategy adopted to manage a property.
Closed savanna “murundus” present important food resources for P.
maximus and their conservation are key to the species’ survival. Furthermore, this habitat feature harbors a unique community of both fauna
and flora but has received almost no conservation attention (Marimon et
al., 2015). Due to its relatively sparse vegetation, the closed savanna areas of “murundus” are particularly targeted for clearing and conversion.
When ranchers want to increase the carrying capacity of the land, these
areas are converted into exotic pasture, providing the cattle more forage. In addition, fire is another traditional land management technique
widely used in the Pantanal that can alter the landscape (Alho, 2008).
Fire is used to promote re-growth of pasture, control invasive species,
reduce ticks, as well as to burn the vegetation cleared from the “murundus” or forests. Fire usually does not go through the more humid
forested areas but spreads through open areas and dry “murundus”. In
addition, the biomass accumulated in the “murundus” makes it burn for
longer, increasing the risk of injuries for P. maximus, especially when
resting inside burrows. Even though fire is part of the ecological dynamics of savannas, depending on its intensity, it can kill P. maximus.
Monitored animals have been found with severe burns, occasionally
leading to casualties (suspected three individuals, out of 33 monitored
in this study) due to both unintentional and prescribed fires (Silveira
et al., 2009; Smith, 2007). After fires, P. maximus can continue to use
the area (Carter et al., 2016; Prada and Marinho-Filho, 2004), but we
have recorded some animals with low body scores (reduced weight and
burning injuries) at these sites. However, we propose that, if adhering
to specific traditional practices, such as only prescribing fire after the
first rains, regular fires can help reduce fuel accumulation, potentially
reducing blaze intensity at each fire event, thus reducing mortality risk
for P. maximus (Carter et al., 2016; Smith, 2007).
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Conclusion
The maintenance of forested and closed savanna landscapes are essential to the conservation of P. maximus in the Pantanal and play an important role for the species reproduction and persistence in this and potentially other eco-regions throughout its distribution. Nevertheless, habitat suitability is species specific and in order to promote the conservation of wildlife communities on private lands it is important to maintain
landscape heterogeneity and representation of all habitat types (Silva
and Ranieri, 2014) avoiding targeting specific landscape features for
anthropic conversion. This is especially important for the conservation
of medium and large sized mammal species with large spatial requirements. The key to conserving biodiversity in the Pantanal is preserving the natural habitat matrix that sustains the diversity of landscapes,
and to continue integrating cattle into the natural processes that sustain
a functioning ecosystem (Desbiez et al., 2009). Priodontes maximus
possess large area requirement and act as an ecosystem engineer, creating resources used by almost all vertebrate species in the Pantanal
(Desbiez and Kluyber, 2013). Conservation strategies targeted at P.
maximus protection could provide wider benefits for the biodiversity
and ecosystem services in the region. Hence, this charismatic large
mammal can play a key role in the conservation of the biological community and can act as an umbrella or flagship species for biodiversity
conservation in the Pantanal.

References
Abdon M.M., Silva J.S.V., Pott V.J., Pott A., Silva M.P., 1998. Utilização de dados analógicos do Landsat-TM na discriminação da vegetação de parte da sub-região da Nhecolândia no Pantanal. Pesq. Agro. Bras. 33: 1799–1813. [in Portuguese]
Alho C.J.R., 2008. Biodiversity of the Pantanal: response to seasonal flooding regime and
to environmental degradation. Braz. J. Biol. 68(4): 957–966.
Anacleto T.C.S., 1997. Dieta e utilização de hábitat do tatu canastra (Priodontes maximus
Kerr, 1792) numa área de cerrado do Brasil central. M.Sc. thesis, Department of Ecology, Universidade de Brasília, Brasília – DF. [in Portuguese]
Anacleto T.C.S., Miranda F., Medri I.M., Cuéllar E., Abba A.M., Superina M., 2014. Priodontes maximus. IUCN 2014. The Red List of Threatened Species. Version 2014.3.
Available from www.iucnredlist.org [7 July 2018].
Attias N., 2017. Spatial and temporal ecology of two armadillo species in Midwestern
Brazil. Ph.D. dissertation, University of Mato Grosso do Sul. Campo Grande, Brasil.
Attias N., Oliveira-Santos L.G.R., Fagan W.F., Mourão G., 2018. Effects of air temperature
on habitat selection and activity patterns of two tropical imperfect homeotherms. Anim.
Behav. 140: 129–140.
Avgar T., Lele S.R., Keim J.L., Boyce M.S., 2017. Relative selection strength: Quantifying
effect size in habitat and step selection inference. Ecol. Evol. 7(14): 5322–5330.
Aya-Cuero C., Rodríguez-Bolaños A., Superina M., 2017. Population density, activity patterns, and ecological importance of giant armadillo (Priodontes maximus) in Colombia.
J. Mammal. 98: 770–778.
Bartelt P.E., Peterson C.R., Klaver R.W., 2004. Sexual differences in the post-breeding
movements and habitats selected by western toads (Bufo boreas) in Southeastern Idaho.
Herpetologica 60(4): 455–467.
Bartolino V., Ciannelli L., Bacheler N.M., Chan K., 2011. Ontogenetic and sex-specific
differences in density-dependent habitat selection of a marine fish population. Ecology
92(1): 189–200.
Beyer H.L., Haydon D.T., Morales J.M., Frair J.L., Hebblewhite M., Mitchell M.,
Matthiopoulos J., 2010. The interpretation of habitat preference metrics under useavailability designs. Philos. Trans. R.l Soc. Lond., B, Biol. Sci. 365: 2245–2254.
Borges P.A.L., Tomás W.M., 2008. Guia de rastros e outros vestígios de mamíferos do
Pantanal, Embrapa Pantanal, Corumbá. [in Spanish]
Cabrera A., Yepes J., 1940. Mamíferos Sud-Americanos: Vida, costumbres y descripción.
Colección Historia Natural, Ediar, Compañía Argentina de Editores, Buenos Aires. [in
Spanish]
Carter T.S., Superina M., Leslie D.M., 2016. Priodontes maximus (Cingulata:
Chlamyphoridae). Mammal. Species 48: 21–34.
Ceresoli N., Fernandez-Duque E., 2012. Size and orientation of giant armadillo burrow
entrances (Priodontes maximus) in western Formosa province, Argentina. Edentata 13:
66–68.
Clutton-Brock T.H., Iason G.R., Guinness F.E., 1987. Sexual segregation and densityrelated changes in habitat use in male and female red deer (Cervus elaphus). J. Zool.
211: 275–89.
Desbiez A.L.J., Kluyber D., 2013. The role of giant armadillo (Priodontes maximus) as
physical ecosystem engineers. Biotropica 45: 537–540.
Desbiez A.L.J., Bodmer R.E., Santos S.A., 2009. Wildlife habitat selection and sustainable
resources management in a Neotropical wetland. Int. J. Biodivers. Conserv. 1(1): 11–20.
Desbiez A.L.J., Bodmer R.E., Tomas W., 2010. Mammalian densities in a Neotropical wetland subject to extreme climatic wvents. Biotropica 42(3): 372–378.
Desbiez A.L.J., Massocato G.F., Kluyber D., Luba C.N., Attias N., 2019. How giant are
giant armadillos? The morphometry of giant armadillos (Priodontes maximus) Kerr,
1792) in the Pantanal of Brazil. Mamm. Biol. 95: 9–14.
Desbiez A.L.J., Massocato G.F., Kluyber D., Oliveira-Santos L.G.R., Attias N., 2020a.
Spatial ecology of the giant armadillo (Priodontes maximus) in Midwestern Brazil. J.
Mammal. 101(1): 151–163.
Desbiez A.L.J., Massocato G.F., Kluyber D., 2020b. Insights into giant armadillo (Priodontes maximus Kerr, 1792) reproduction. Mammalia 84(3): 283–293
Emmons L.H., Feer F., 1997. Neotropical rainforest mammals: a field guide, The University
of Chicago Press, Chicago, Illinois.

128

Fleming C.H., Fagan W.F., Mueller T., Olson K.A., Leimgruber P., Calabrese J.M., 2015.
Rigorous home range estimation with movement data: a new autocorrelated kernel density estimator. Ecology 96: 1182–1188.
Fleming C.H., Calabrese J.M., 2018. ctmm: Continuous time movement modeling. R package. Ver. 0.5.0.
Forester J.D., Im H.K., Rathouz P.J., 2009. Accounting for animal movement in estimation
of resource selection functions: sampling and data analysis. Ecology 90: 3554–3565.
Fortin D., Hawthorne H.L., Boyce M.S., Smith D.W., Duchesne T., Mao J.S., 2005. Wolves
influence elk movements: behavior shapes a trophic cascade in Yellowstone National
Park. Ecology 86: 1320–1330.
González E.M., Soutullo A., Altuna C.A., 2001. The burrow of Dasypus hybridus (Cingulata: Dasypodidae). Acta Theriol. 46: 53–59.
González-Roglich M., Southworth J., Branch L.C., 2012. The role of private lands for conservation: Land cover change analysis in the Caldenal savanna ecosystem, Argentina.
Appl. Geogr. 34: 281–288.
Haddad N.M., Brudvig L.A., Clobert J., Davies K.F., Gonzalez A., Holt R.D., Lovejoy T.E.,
Sexton J.O., Austin M.P., Collins C.D., Cook W.M., Damschen E.I., Ewers R.M., Foster
B.L., Jenkins C.N., King A.J., Laurance W.F., Levey D.J., Margules C.R., Melbourne
B.A., Nicholls A.O., Orrock J.L., Song D., Townshend J.R., 2015. Habitat fragmentation
and its lasting impact on Earth’s ecosystems. Sci. Adv. 1: e1500052.
Harris M.B., Tomas W., Mourão G., da Silva C.J., Guimarães E., Sonoda F., Fachim E.,
2005. Safeguarding the Pantanal wetlands: threats and conservation initiatives. Conserv.
Biol. 19: 714–720.
Hernandez S.M., Gammons D.J., Gottdenker N., Mengak M.T., Conner L.M., Divers S.J.,
2010. Technique, safety and efficacy of intra-abdominal transmitters in nine-banded armadillos. J. Wildl. Manage. 74:174–180.
Hoogesteijn A., Hoogesteijn R., 2010. Cattle ranching and biodiversity conservation as allies in South America’s flooded savannas. Gt. Plains Res. J. Nat. Soc. Sci. 20: 37–50.
Imansyah M.J., Jessop T.S., Ciofi C., Akbar Z., 2008. Ontogenetic differences in the spatial
ecology of immature Komodo dragons. J. Zool. 274: 107–115.
Jarvis A., Touval J.L., Schmitz M.C., Sotomayor L., Hyman G.G., 2010. Assessment of
threats to ecosystems in South America. J. Nat. Conserv. 18: 180–188.
Johnson D.H., 1980. The comparison of usage and availability measurements for evaluating
resource preference. Ecology 61: 65–71.
Luba C.N., Kluyber D., Massocato G.F., Attias N., Frome L., Desbiez A.L.J., 2020. Size
matters: penis size, sexual maturity and their consequences for giant armadillo conservation planning. Mamm. Biol. 100: 621–630. doi:10.1007/s42991-020-00065-3
Maccarini T.B., Attias N., Medri I.M., Marinho-Filho J., Mourão G., 2015. Temperature influences the activity patterns of armadillo species in a large neotropical wetland. Mamm.
Res. 60: 403–409.
Main M.B., Weckerly F.W., Bleich V.C., 1996. Sexual segregation in ungulates: new directions for research. J. Mammal. 77: 449–61.
Manly B.F.J., Mcdonald L.L., Thomas D.L., Mcdonald T.L., Erickson W.P., 2002. Resource
selection by animals: Statistical design and analysis for field studies, Kluwer Academic
Publishers, The Netherlands.
Marimon B.S., Colli G.R., Marimon-Junior B.H., Mews H.A., Eisenlohr P.V., Feldpausch
T.R., Phillips O.L., 2015. Ecology of floodplain campos de murundus savanna in Southern Amazonia. Int. J. Plant Sci. 176: 670–681.
Mathews A.G.A., 1977. Studies on termites from the Mato Grosso State, Brasil, Academia
Brasileira de Ciências, Rio de Janeiro.
Mazerolle M.J., 2019. AICcmodavg: model selection and multimodel inference based on
(Q)AIC(c). R package version 2.1-0. https://cran.r-project.org/package=AICcmodavg
Merritt D., 2008. Xenarthrans of the Paraguayan Chaco. In: Vizcaino S.F., Loughry W.J.
(Eds.) The Biology of the Xenarthra. University Press of Florida, Gainesville 294–299.
Meyer C.B., Thuiller W., 2006. Accuracy of resource selection functions across spatial
scales. Divers. Distrib. 12(3): 288 –297.
Michalski F., Norris D., Peres C.A., 2010. No return from biodiversity loss. Science
329(5997): 1282.
Miranda C.S., Paranho-Filho A.C., Pott A., 2018. Changes in vegetation cover of the Pantanal wetland detected by Vegetation Index: a strategy for conservation. Biota Neotropica 18(1): e20160297.
Nathan R., Getz W.M., Revilla E., Holyoak M., Kadmon R., Saltz D., Smouse P.E. 2008.
A movement ecology paradigm for unifying organismal movement research. Proc. Natl.
Acad. Sci. U.S.A. 105(49): 19052–19059.
Noss A.J., Peña R., Rumiz D.I., 2004. Camera trapping Priodontes maximus in the dry
forests of Santa Cruz, Bolivia. Endanger. Species Update 21: 43–52.
Paterson J.E., Steinberg B.D., Litzgus J.D., 2012. Revealing a cryptic life-history stage:
differences in habitat selection and survivorship between hatchlings of two turtle species
at risk (Glyptemys insculpta and Emydoidea blandingii). Wildl. Res. 39: 408–418.
Pebesma E.J., Bivand R.S., 2005. Classes and methods for spatial data in R. R News 5(2):
9–13.
Prada M., Marinho-Filho J., 2004. Effects of fire on the abundance of Xenarthrans in Mato
Grosso, Brazil. Austral Ecol. 29: 568–573.
R Development Core Team, 2019. R: a language and environment for statistical computing.
Saïd S., Tolon V., Brandt S., Baubet E., 2012. Sex effect on habitat selection in response to
hunting disturbance: the study of wild boar. Eur. J. Wildl. Res. 58: 107–115.
Samuel M.D., Fuller M.R., 1994. Wildlife radiotelemetry. In: Bookhout T.A. (Ed.) Research and management techniques for wildlife and habitats. The Wildlife Society,
Bethesda, Maryland. 370–418.
Schupp E.W., 1995. Seed-seedling conflicts, habitat choice, and patterns of plant recruitment. Am. J. Bot. 82(3): 399–409.
Silva J.S., Ranieri V.E.L., 2014. The legal reserve areas compensation mechanisms and its
economic and environmental implications. Ambient. Soc. 17(1): 115–132.
Silva J.S.V., Abdon M.M., da Silva S.M.A., de Moraes J.A., 2011. Evolution of deforestation in the Brazilian Pantanal and surroundings in the timeframe 1976–2008. Geografia/Rio Claro 36: 35–55.
Silveira L., Jácomo A.T.A., Furtado M.M., Torres N.M., Sollmann R., Vynne C., 2009.
Ecology of the giant armadillo (Priodontes maximus) in the grasslands of Central Brazil.
Edentata 8–10: 25–34.
Smith P., 2007. Giant armadillo Priodontes maximus (Kerr, 1792). Mammals of Paraguay
Nº 6 In: FAUNA Paraguay: handbook of the mammals of Paraguay. Available from
www.faunaparaguay.com/mammhb2.html [24 February 2018]
Soriano B.M.A., 2000. Boletim agrometeorológico: Fazenda Nhumirim. Embrapa Pantanal. Bol. Agrometeorol. 4: 1–81. [in Portuguese]

Resource selection by a threatened fossorial mammal
Sparovek G., Bernds G., Barreto A.G., Klug I.L.F., 2012. The revision of the Brazilian
Forest Act: increased deforestation or a historic step towards balancing agricultural development and nature conservation? Environ. Sci. Policy 16: 65–72.
Stewart F.E.C., Darlington S., Volpe J.P., McAdie M., Fisher J.T., 2019. Corridors best
facilitate functional connectivity across a protected area network. Sci. Rep. 9: 10852
Therneau T., 2015. A Package for Survival Analysis in S. version 2.38. Available from
https://CRAN.R-project.org/package=survival [30 March 2018]
Tyrrell P., du Toit J.T., Macdonald D.W., 2020. Conservation beyond protected areas: using
vertebrate species ranges and biodiversity importance scores to inform policy for an East
African country in transition. Conserv. Sci. Pract. 2: e136
Uboni A., Smith D.W., Stahler D.R., Vucetich J.A., 2017. Selecting habitat to what purpose? The advantage of exploring the habitat–fitness relationship. Ecosphere 8(4):
e01705
Wantzen K.M., da Cunha C.N., Junk W.J., Girard P., Rossetto O.C., Penha J.M., Couto
E.G., Becker M., Priante G., Tomas W.M., Santos S.A., Marta J., Domingos I., Sonoda
F., Curvo M., Callil C., 2008. Towards a sustainable management concept for ecosystem
services of the Pantanal wetland. Ecohydrol. Hydrobiol. 8(2–4): 111–138.

Associate Editor: J. Gasperini

Supplemental information
Additional Supplemental Information may be found in the online version of this article:
Table S1 Information on 23 individuals of Priodontes maximus monitored at Baía
das Pedras ranch, Corumbá, Brazil, from October 2011 until January 2018.
Table S2 Model coefficients for the best-ranked resource selection function (RSF)
model fitted to characterize resource selection by the giant armadillos Priodontes maximus during rest.
Table S3 Model coefficients for the best-ranked step selection function (SSF) model
fitted to characterize resource selection by the giant armadillos Priodontes maximus during activity.

129

