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We  provide  the  first  estimates  of density  and  population  size  of  two sympatric  species  of armadillos
(Euphractus  sexcinctus  and  Dasypus  novemcinctus)  for the  Vale  Natural  Reserve,  evaluating  how  poaching
would  be  affecting  their  habitat  use  (i.e.  detectability  and  occupancy  probability)  and  also  describing
their  activity  patterns.  Abundance  and density  were  estimated  using  a distance  sampling  technique.
Occupancy,  detectability,  and  activity  patterns  were  assessed  using  camera-trapping  during  a one-year
period.  Estimated  population  densities  were  0.06  individuals  per  hectare  (ind/ha)  and  0.05  ind/ha  for  D.
novemcinctus  and  E.  sexcinctus,  respectively.  Occupancy  probability  of  both  species  was  affected  by  the
distance  to  forest  edge.  D. novemcinctus  showed  a positive  relationship  with  increasing  distance  from  the
edge,  whereas  E.  sexcinctus  showed  an  opposite  relationship.  D. novemcinctus  also  showed  higher  occu-
pancy  rates  in  sites  closer  to  a water  resource.  Additionally,  occupancy  and  detectability  of  both  species
were  negatively  affected  by historical  poaching  intensity  in the  reserve.  Activity  patterns  varied  between

species,  with  D.  novemcinctus  being  mostly  nocturnal  and  E.  sexcinctus  being  diurnal.  We  conclude  that
despite  the  two  armadillo  species  sharing  several  niche  dimensions,  they  showed  spatial  and  temporal
segregation.  These  differences  may  be  an  adaptation  to reduce  interspecific  competition  but  may  also  be
affected  by  the  need  to  avoid  poaching  pressures.  This study  contributes  to increase  the  knowledge  and
conservation  of these  two  little-studied  species.

©  2015  Deutsche  Gesellschaft  für Säugetierkunde.  Published  by  Elsevier  GmbH.  All  rights  reserved.
ntroduction

The main cause of mammalian population declines in the
tlantic Forest of Brazil and worldwide has been the loss and frag-
entation of habitats (Mace et al. 2000). Poaching is the second
ost important cause of reduction of natural populations and local

xtinctions of threatened animals (Rosser and Mainka 2002), espe-
ially mammals (Mace et al. 2000), in the world. The expected
mmediate effect of poaching pressure on mammal  communities
s the decline of populations of hunted species, which nega-
ively affects their abundance and overall biomass (Redford 1992;
odmer and Penn Junior 1997; Peres 2000). Redford (1992) esti-
ated in Amazon forest an 80% decrease of non-primate mammal

ensities in moderately hunted areas when compared to areas with

o record of poaching. In addition to direct impacts on mammal
opulations, there are the indirect effects on ecological processes.
any of the most widely consumed species have important roles

∗ Corresponding author.
E-mail address: atilla.ferreguetti@gmail.com (A.C. Ferreguetti).

ttp://dx.doi.org/10.1016/j.mambio.2015.10.007
616-5047/© 2015 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier Gmb
in the maintenance of diversity mechanisms and landscape struc-
ture, such as herbivory, seed dispersal and predation (Dirzo and
Miranda 1990; Redford 1992). Moreover, the poached species are
generally the prey of large predators, which may indirectly reduce
the abundance of these predator species (Redford 1992).

Members of the Dasypodidae are the most widely distributed
species within the Magnaorder Xenarthra, occurring from the
United States to Argentina (Emmons 1990; Eisenberg and Redford
1999; Nowak 1999). The Atlantic Forest of Brazil potentially harbors
six species of armadillos: Cabassous unicinctus, C. tatouay, Dasypus
novemcinctus (common long-nosed armadillo), D. septemcinctus,
Euphractus sexcinctus (six-banded armadillo), and Priodontes max-
imus (Anacleto et al. 2006; Wetzel et al. 2007; Paglia et al. 2012). All
of these species are impacted by poaching pressures (Urquiza-Haas
et al. 2011; Santos-Fita et al. 2012; Souza and Alves 2014). D. novem-
cinctus and E. sexcinctus occupy the largest geographic distributions
within the family and occur in overlapping regions throughout their

distribution in Brazil, except in the Amazon region (Eisenberg and
Redford 1999; Abba et al. 2014; Loughry et al. 2014). These two
species are also heavily poached across their range (Chiarello 2000;
Peres 2000).

H. All rights reserved.
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Armadillos are usually nocturnal and can be difficult to observe
nd capture, which has made researching their ecological roles and
mpacts difficult. Despite forming a relatively large group of mam-

alian species, including several endangered species, the majority
f armadillo research regarding natural ecology and behavior is
inimal (McDonough and Loughry 2008). Currently, most of the

nowledge on the ecology of armadillos comes from studies con-
ucted in captivity: less than 20% of the armadillo studies were
ased on field work conducted on wild populations (Superina et al.
014; Loughry et al. 2015). The Neotropical region is lacking studies
egarding these species, including information on the exact distri-
ution of species (McDonough and Loughry 2008; Superina et al.
014; Loughry et al. 2015).

Assuming  that organisms are not equally distributed in space
nd time, biological explanations for the spatial and temporal vari-
tions in habitat selection are essential to understand the patterns
f distribution, structure, ecological processes, and functions in
cosystems (Morris 1987). Habitat selection studies are also impor-
ant in the conservation context because they provide information
n the environmental requirements of a species, which results in
xpanded information regarding their ecology, spatial distribution,
nd population dynamics.

To  contribute to the understanding of ecological patterns in
eotropical armadillos, as well as the conservation of their popu-

ations, this study aimed to provide the first estimates of density of
wo species of armadillos (E. sexcinctus and D. novemcinctus) for the
ale Natural Reserve (VNR), located in the Atlantic Forest of Brazil.
ince both species are hunted, we also evaluated how poaching
ffects spatial and temporal habitat use by examining the effect of
oaching on the detectability and occupancy probability of each
pecies. We  tested the hypothesis that occupancy probability and
etectability would be higher in areas with lower poaching influ-
nce. Additionally, we also expected that the two species would
ave similar population densities in the reserve, since both species
re hunted and share several physiologic characteristics (Eisenberg
nd Redford 1999). Finally, we tested the hypothesis that since
he two species share a similar diet and others niche components,
hey should present distinct patterns in space (habitat use) and/or
ime (activity period) to avoid competition. To check if interspecific
abitat segregation occurred, we tested their responses to seven
ovariates that were selected on the base of previous information
n these species according to Eisenberg and Redford (1999) and
cDonough and Loughry (2008).

aterial and methods

tudy  area

The  study was conducted in the Vale Natural Reserve (VNR), a
rotected area of 23,500 ha belonging to the Vale Company. The
eserve is located in the neighboring municipalities of Linhares
nd Jaguaré (19◦06′–19◦18′ S and 39◦45′–40◦19′ W),  in northeast-
rn Espírito Santo, Brazil (Fig. 1).

VNR is composed of one main block of forest (approximately
8.1% of the total area), and a much smaller fragment, known as
iribas Reserve, to the southwest of the main block.

According to the Vegetation Map  of Brazil (IBGE 1993), VNR is
overed by dense forest, composed by a mosaic of habitats with
our main vegetation types (adapted from Jesus 1987; Peixoto and
entry 1990): coastal plain forest (“tabuleiro” forest), riparian for-
st, “mussununga” forest, and natural grassland. The evergreen

abuleiro forest has two or more upper strata, high densities of
ianas and epiphytes, and covers approximately 68% of the total
rea of the reserve. The riparian forest, which covers some 4% of
he reserve, is a mixed type of vegetation associated with streams,
 Biology 81 (2016) 138–145 139

characterized  by widely spaced trees and a predominance of palms.
The mussununga forest (covering approximately 8% of VNR) is a
type of woody vegetation growing on sandy soils, physiognomically
similar to the tabuleiro forest at an early or intermediate stage of
regeneration. The natural grasslands occur as enclaves within the
forest, which were the sites of ponds in the geological past and
cover around 6% of the area of the reserve. In addition to these for-
mations, approximately 8% of the reserve is covered by wetlands
(swamps) and streams (Fig. 1).

Line-transect surveys

To  estimate density and abundance of D. novemcinctus and E.
sexcinctus, we established four 5 km-long line transects stratified
by habitat type in our study area (Karanth et al. 2004), using the
RAPELD protocol (Magnusson et al. 2005). Transects were separated
from one other by a minimum of 4 km.

During a 13-month period (April 2013 to May  2014), transects
were surveyed using distance sampling techniques (Buckland et al.
2001) (Fig. 1). Each transect was  surveyed twice a month by a sin-
gle observer starting at sunrise (between 05:30 and 06:30 h). The
observer waited three hours before starting the afternoon survey,
between 13:00 and 14:00 h. The observer walked transects at a
speed of approximately 1 km/h. For each sighting we recorded the
species and the perpendicular distance of the animal from the tran-
sect line (measured using measuring tape), the distance walked
from the initial point, date, time of day, and the transect number.

Camera-trapping

To  model the occupancy probability of each species, as well
as to document their respective activity patterns, we selected 39
sampling sites using a systematic random design stratified by veg-
etation type to ensure that all four of the principal vegetation types
found in the VNR were represented (i.e. tabuleiro forest, riparian
forest, mussununga forest, and natural grassland; Fig. 1).

We  placed a grid over a digital map  of the reserve and identi-
fied the sampling sites by randomly selecting grid cells. Then, in
the center of each selected grid cell, we looked for locations with
armadillo tracks and following and deployed camera traps at those
locations. This approach resulted in a relatively even distribution
of sites within the VNR. The sites were separated from one another
by a distance of more than 1 km and to ensure temporal indepen-
dence we excluded records separated by less than 24 h (Powell et al.
2008). We  did not use baits to attract the armadillos. At each site,
we installed one passive infrared Bushnell® camera trap, approx-
imately 40–50 cm above the ground. All cameras were checked
every 20–25 days to replace depleted batteries. Traps were pro-
grammed to operate for 24 h/day. We  collected presence/absence
records between May  2013 and June 2014.

Covariates

We used the same seven covariates to model occupancy prob-
ability for the two armadillo species. These were the distance to
forest edge (i.e. tabuleiro forest, riparian forest, mussununga for-
est; “dist edge”), density of trees with a Diameter at Breast Height of
more than 50 cm (dens trees), liana density (dens lian), distance to
water (dist water), understory cover (und cov), and distance to the
main road (dist main road). A priori, these covariates were selected
to represent key habitat features (dens trees, und cov, dens lian,
and dist water) or elements possibly avoided by one or both species

(dist main road; dist edge). The potential effect of poaching on
detectability and occupancy probability was  also analyzed.

At  each sampling point, we  established four plots (30 m × 50 m)
arranged by the cardinal compass points (north, south, east,
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ig. 1. Habitat map  of Vale Natural Reserve, Espírito Santo state, Brazil. Black trian
nterpretation of the references to color in this figure legend, the reader is referred 

nd west). In each plot, we measured the Diameter at Breast

eight (DBH) of each tree and counted the number of large trees

DBH > 50 cm). Understory cover and liana density were measured
long the central (longitudinal) line of each plot, considering 5 m
n each side of the line. The liana density was calculated on the
epresent the location of camera trap sites; red lines represent line transects. (For
 web  version of the article.)

number  of stems rooted within each 10 m × 50 m transect. Under-

story cover was measured every 10 m using a 2 m × 0.5 m sighting
frame (each 0.5 m2 portion representing 25% visibility). Understory
cover within each transect was  estimated by the mean visibility of
the sighting frame at five sampled points.
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Fig. 2. Variation of occupancy probability by D. novemcinctus (cross symbol) and E.
A.C. Ferreguetti et al. / Mamm

Distances to forest edge, water distance, and main road were
uantified for each of the 39 sampling sites using the ArcGIS soft-
are (ESRI*ArcMap 10.1).

Poaching  intensity within the study area was estimated using
he georeferenced database of a 10-year period in which poaching
vents were recorded by the reserve’s security guards (source: Vale
atural Reserve). The density of poaching records per km2 was cal-
ulated for each grid cell in which a camera trap had been installed
y dividing the number of records by the grid cell area and used as

 proxy for poaching intensity.

ata  analysis

Density and population size were estimated using the total
umber of individuals observed along each trail through the pro-
ram DISTANCE 6.2 (Buckland et al. 2001). To analyze distance
ampling data, the probability of detection in the center of the tran-
ect has to be 1. In our study this assumption could not be met
ecause armadillos cannot be detected inside burrows. DISTANCE
ses the perpendicular distances to the observed animals to esti-
ate effective strip width (ESW) in the study area and model the

etection function that best suits the probability of detection of
n animal at a given distance (Buckland et al. 2001; Laake et al.
994). The best detection model is selected by the Akaike Informa-
ion Criterion (AIC; Akaike 1973). Burnham and Anderson (2002)
ecommend using the AIC to select models only when the number
f observations is greater than or equal to 40 to produce accurate
stimates.

We estimated detection probabilities by sampling each site
n multiple occasions, using 5-day intervals (occasions) based on
acKenzie and Royle (2005). We  concluded that this interval was

ufficient to construct a reliable detection history. We  estimated
ite occupancy (� ) and detection probability (p) for each species,
ith three possible outcomes: (1) the site was occupied and the

pecies was detected (� × p); (2) the species was present but not
etected (� × [1 − p]), and (3) the species was not present and
herefore was not detected (1 − � ).

The  occupancy probability was the parameter projected by a
aximum likelihood estimation of the proportion of sites occu-

ied (� ) during the sample period. We  verified that occupancy
as closed (i.e., did not change) for both species using a single-

eason model. This exercise indicated that the occupancy status
or each species was constant throughout the study, allowing for
losed occupancy models to be used (MacKenzie et al. 2006).

In  our occupancy analysis, we considered each species sepa-
ately in an attempt to identify divergences in habitat preferences.

e constructed a set of 10 candidate models selected by a priori
ypotheses based on three different approaches: (1) considering
ccupancy probability and detectability as constant across all sites
or both species, (2) considering the variation in occupancy as a
unction of habitat covariates, and (3) considering the variation in
ccupancy probability and detectability as a function of poaching
ensity.

Occupancy modeling was run in the PRESENCE 8.3 software
MacKenzie and Royle 2005) with 2000 bootstraps to assess the
djustment fit (p) and the over-dispersion parameter (ĉ). In our
ssessment of occupancy closure and the factors that influenced
ccupancy and detection, we ranked all models according to AIC
Akaike 1973). All models with a deltaAIC value of less than 2 were
onsidered to be equivalent. We  estimated the mean model from
he entire set of models by using the weight (AICwt) for each one,
hich corresponds to the amount of evidence in favor of a given

odel. This mean model was used to test our hypotheses.
The circadian cycle of each species was defined based on the

iming of independent records obtained from the camera traps.
o avoid pseudoreplication, records were only considered to be
sexcinctus (circle symbol) as a function of the distance from forest edge in the Vale
Natural Reserve, Espírito Santo state, Brazil, estimated by camera-trapping from
May 2013 to June 2014.

independent when separated by an interval of 24 h. Analyses were
conducted in the “Circular” package in R (R Development Core Team
2008) with associated analytic packages. Circular summaries (Lund
and Agostinelli 2007) were used to determine the mean overall tim-
ing of the activity of each species as recorded by the camera traps. A
resampling approach was  used to derive unbiased estimates of the
95% confidence intervals (95% CIs), whereby the circular mean from
a random sample of 100 data points for each species was calculated
10,000 times with replacement to generate reliable estimates.

Results

Density  and population size

A total of 980 km of transects (196 samples) were surveyed in
this study for both E. sexcinctus and D. novemcintus. Throughout the
surveys, E. sexcinctus and D. novemcinctus were sighted 74 times and
76 times, respectively. Observation for each species were obtained
from 0 to 24 m from the transect line.

Estimated density for D. novemcinctus was 0.06 ±
0.02 individuals/ha and the estimated population size was
1456 ± 242 individuals with an effective strip width (ESW) of
3.45 ± 0.42 m.  The best fit model for our data was  Negative Expo-
nential with cosine adjustment. Estimated density for E. sexcinctus
was 0.05 ± 0.01 individuals/ha and the estimated population size
was 1175 ± 148 individuals with an ESW of 7.50 ± 0.81 m.  The
model which best fitted our data was  Half-normal with cosine
adjustment.

Occupancy and detectability models

A total effort of 7020 trap-days produced 827 independent
events of D. novemcinctus, and 324 of E. sexcinctus.

D. novemcinctus was  observed in 25 of the 39 sites, which
resulted in a naïve occupancy of 0.64 and a detectability of 0.41
and E. sexcinctus was observed in 30 of the 39 sites, which resulted
in a naïve occupancy of 0.79 and a detectability of 0.35. From
the ten occupancy models produced for each species (Table 1), D.
novemcinctus occupancy was  best described by two covariates: (1)
distance to forest edge, which presented a positive relationship. In

sites located at more than 750 m to the forest edge, occupancy was
high (� = 0.8 ± 0.08), reaching a maximum of 0.9. Occupancy proba-
bility was  reduced to approximately 18% at distances smaller than
250 meters (Fig. 2); (2) distance to water. Occupancy probability
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Table  1
Occupancy models for D. novemcinctus and E. sexcinctus in the Vale Natural Reserve, Brazil, estimated by camera-trapping between May  2013 and June 2014, grouped in
sampling intervals of 5 consecutive days. Covariates: distance to forest edge (dist edge); density of trees with diameter breast height > 50 cm (dens tree); poaching intensity
(poaching); understory coverage (und cov); distance to main road (dist main road); liana density (dens liana); and distance to water sources (dist water). � = occupancy,
p = detectability, AICw = Akaike weight, ẑ  = model fit, ĉ  = dispersion parameter.

Model AIC AICwt n◦ parameters ẑ ĉ

Dasypus novemcinctus Linnaeus, 1758
�(dist edge;dist water; poaching);p(poaching) 952.18 0.88 6 0.19 1.16
�(dist  edge);p(poaching) 942.36 0.08 4 0.19 1.23
�(dist  water);p(.) 941.26 0.2 3 0.18 1.24
�(.);p(poaching) 937.36 0.05 3  0.18 1.22
�(.);p(.) 936.45  0.02 2 0.21 1.25
�(dens  tree);p(.) 932.12 0.01 3 0.22 1.25
�(dist  water;poaching);p(.) 932.05 0.001 4 0.18 1.24
�(dens  tree);p(poaching) 930.36 0.001 4 0.18 1.22
�(dens  liana;poaching);p(.) 929.45 0.001 4 0.21 1.25
�(und cov);p(poaching) 922.08 0.001 4 0.22 1.25
Euphractus  sexcinctus (Linnaeus 1758)
�(dist edge; poaching);p(poaching) 1106.52 0.72 5 0.20 1.19
�(dist  edge);p(.) 1105.20 0.18 3 0.23 1.24
�(.);p(poaching) 1098.32 0.04 3  0.22 1.25
�(.);p(.)  1096.23 0.02 2 0.21 1.25
�(dens  tree);p(.) 1092.58 0.01 3 0.22 1.24
�(dist  water);p(.) 1092.46 0.005 3 0.21 1.24
�(und  cov);p(poaching) 1090.25 0.005 4 0.22 1.25
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�(dens  liana;poaching);p(.) 1089.58 

�(dens  tree);p(poaching) 1088.12 

�(dist water);p(poaching) 1087.46

anged from 76% to 47% in sites located 3600 m to the closest water
ource (Fig. 3). Additionally, occupancy probability and detectabil-
ty of D. novemcinctus were both negatively affected by poaching
ntensity. The higher the poaching, the lower the occupancy and
etectability of both species (Fig. 4). Occupancy ranged from � = 0.9
o 0.42 (Fig. 4A) and detection probability ranged from p = 0.94 to
.56 (Fig. 4B). For E. sexcinctus, occupancy was best described by the
istance to forest edge. Contrary to D. novemcinctus the relationship
ith forest edge distance was negative, with a high rate of decrease
ith increasing distance, and � ranged from 1.0 to 0.18 (Fig. 2).

ccupancy probability and detectability were also affected nega-

ively by poaching intensity (Fig. 4). Occupancy probability ranged

ig. 3. Relationship between occupancy probability by D. novemcintus and the dis-
ance from water sources in the Vale Natural Reserve, Espírito Santo state, Brazil,
stimated by camera-trapping from May  2013 to June 2014.
0.003 4 0.21 1.25
0.003 4 0.22 1.24
0.003 4 0.21 1.24

from � = 0.88 to 0.37 (Fig. 4A) and detectability from p = 0.85 to 0.5
(Fig. 4B).

Activity patterns

We  found a difference in the activity patterns between the
species (Fig. 5). D. novemcinctus showed two major peaks, one in
the late afternoon (17:00 h, ranging from 15:00 to 21:00 h), and
one in the late night (02:00 h, ranging from 01:00 to 03:00 h). E. sex-
cinctus showed two  peaks of activity, one peak in the late morning
(10:00 h, ranging from 09:00 to 11:00 h), and one peak in the after-
noon (14:00 h, ranging from 13:00 to 14:00 h). The species showed
an overlap in their activity patterns between 15:00 and 16:00 h.

Discussion

This is one of the first studies estimating population abundances
and reporting information on habitat use and activity patterns for
two sympatric species of Dasypodidae, Our estimation of density
had a coefficient of variation below 20%for both armadillo species,
which corresponds to the maximum recommended value for an
accurate estimate (Buckland et al. 2001). However a key assump-
tion not met  in our study was that all individuals occurring on the
transect line are detected. This could result in underestimated val-
ues of density and population size. In addition, our densities for D.
novemcinctus may  also be underestimated due to the time of the
day we  selected for the line-transect counts, which covered only a
portion of the species activity period found for the VNR area. Nev-
ertheless, we suggest that the estimates presented here could be
used as indicators of the population status of these two species.
Densities appeared to be low for both species, which was expected
because D. novemcintus and E. sexcinctus are heavily hunted in
the area (Chiarello 2000; Peres 2000; Sanches 2001; Aguiar 2004),
armadillos are frequent victims of roadkills (Viera 1996; Fischer
1997), and also because they are potential jaguar (Panthera onca)
prey in the study area (Srbek-Araujo 2013). Low density estimates

could also be related to biological traits typical of the Dasypodidae,
such as lower reproductive rates, metabolism and body tempera-
ture, as well as to a diet based on low-energy food resources (e.g.
ants and/or termites) (Redford and Wetzel 1985; Nowak 1999).
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Fig. 4. (A) Variations of occupancy probabilities as a function of poaching intensity
for  D. novemcinctus (cross symbol) and E. sexcinctus (circle symbol); (B) relationship
between  detectability and poaching intensity for D. novemcinctus (cross symbol)
a
t

H
a

t
p
r
a
l

s
h
t
c
e

Fig. 5. Activity patterns of D. novemcintus and E. sexcinctus in the Vale Natural
nd  E. sexcinctus (circle symbol). For both graphs data were estimated by camera-
rapping  in the VNR, Espírito Santo state, Brazil from May  2013 to June 2014.

owever, armadillos can also reach very high population densities
s reported by Loughry and McDonough (2013).

D. novemcintus showed a 24% greater abundance than E. sexcinc-
us in our study. This difference in abundance may  be related to the
reference that we found for E. sexcinctus to use open habitats (also
eported by McBee and Baker 1982; Encarnaç ão 1987). The fact that
bout of 78% of VNR is covered by forest could have resulted in a
ower abundance for this species.

We found that D. novemcinctus avoided the forest edge, pre-
enting higher occupancy rates inside the forest. Despite its flexible
abitat preference, which comprises both open and forested areas,

his species appear to have a more generalized preference for more
omplex habitats such as riparian and climax forests (McDonough
t al. 2000; Bonato 2002; Anacleto and Diniz-Filho 2008). Tabarelli
Reserve,  Espirito Santo state, Brazil, estimated by camera-trapping from May  2013
to June 2014.

et al. (1999) demonstrate that the abrupt creation of clearings in for-
est environments may  cause changes in micro-climate conditions,
thus promoting the establishment of non-forest species, especially
those resistant to sunstroke (i.e. bamboos, lianas and vines). This
process is known as the edge effect, which forest species tend
to avoid (e.g. Mazama americana, Ferreguetti et al. 2015). Besides
the forest edge distance, occupancy probability was affected by
the distance to water sources, which is not surprising because
D. novemcinctus appears to need direct access to fresh water to
survive (Loughry and McDonough 2013) and may  take advan-
tage of the availability of food resources in areas closest to water
(McBee and Baker 1982). On the other hand, E. sexcinctus appears
to be more common in open areas with scattered trees and bushes
(Redford and Wetzel 1985; Nowak 1999), although Redford and
Wetzel (1985) also described the presence of this species at the
forest edges. In the Serra da Canastra National Park – Minas Gerais,
Brazil, E. sexcinctus used grassland and savannah grasslands, and
no individuals have been recorded in gallery forests (Carter and
Encarnaç ão 1983; Encarnaç ão 1987). In Pre-Maranhense Amazon,
E. sexcinctus are known to use the primary and secondary forests
edges and the interior of the non-flooded secondary forests (Silva
Junior et al. 2001). These results seem to be in agreement with the
negative influence of the forest edge distance on the occupancy
probability estimated in our study.

We found that detectability was lower in areas with greater
poaching frequency and this suggests that both armadillo species
are avoiding them, due to the fact that they are known to be among
the most preferred and huntable species in the Neotropics (Schaller
1983; Redford 1985; Hill et al. 1997; Cullen et al. 2000; Ojeda et al.
2002). We  also found that sites with a higher poaching intensity
had lower occupancy probabilities for both armadillo species. This
negative relationship with poaching could represent a reduction in
armadillo populations since occupancy could be used as a proxy
for species abundance (MacKenzie et al. 2006). Poaching is a fac-
tor influencing armadillo populations in Neotropical regions, often
with strong impacts (Peres 1990; Bodmer et al. 1994; Glanz 1996;
Cullen et al. 2000) and can be a common and difficult habit to
change in countries such as Brazil, where surveillance and environ-
mental awareness are still insufficient. In agreement with previous
studies that reported that poaching is a conservation issue in VNR
(Chiarello 2000; Ferreguetti et al. 2015), we conclude that it is
essential to improve surveillance in the reserve. VNR lies within
the Sooretama Biological Reserve, forming one of the largest blocks

of remaining native vegetation areas within the state of Espírito
Santo, and also one of the largest blocks of Tabuleiro Forest left in
the Atlantic Forest. Thus, the preservation of wildlife populations
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ithin VNR is strictly associated to the conservation of the entire
lock.

The activity pattern that we found for D. novemcinctus was sim-
lar to other populations, such as those in North America (Loughry
nd McDonough 1997). On the other hand, the later peak we found
or the VNR population was described in a Brazilian population
Loughry and McDonough 1998). Conversely, our findings con-
rmed that E. sexcinctus has a primarily diurnal activity pattern
Redford and Wetzel 1985). In the Pantanal, Schaller (1983) found

 higher activity pattern of E. sexcintus between 12:00 and 15:00 h,
hich is during the hottest hours of the day. In Bolivia, activity was

lso recorded between 12:00 and 15:00 h (Cuéllar and Noss 2004),
hereas in other regions, the peaks of activity were similar to those

ecorded for VNR (Hass et al. 2003; Trolle 2003).
As D. novemcinctus and E. sexcinctus have very similar food

abits (McBee and Baker 1982; Redford and Wetzel 1985; Gardner
007), the spatial and temporal niche segregation that we  recorded
etween the species may  contribute significantly to a reduction

n interspecific competition (Schoener 1974) and thus favor their
ong-term coexistence (Begon et al. 2006).
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