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Abstract

Agonistic encounters among carnivores can be potentially avoided or minimized by shifts in daily activity patterns. Here, we
investigated the temporal ecology of mesocarnivores which co-occur in a semiarid area where top predators are virtually absent.
More specifically, we (i) describe the daily activity patterns of six mesocarnivore species, (ii) evaluate possible seasonal changes in
their daily activity patterns, (iii) examine patterns of temporal overlap among mesocarnivores, and (iv) test the overlap in daily
activity between mesocarnivores and their potential prey. Using camera-trapping data (13,976 camera-days) and circular and
overlapping analyses, we studied six out of the seven mesocarnivore species recorded. Striped hog-nosed skunk and the crab-
eating raccoon were nocturnal, crab-eating fox and northern tiger cat were nocturnal-crepuscular, ocelot was mainly nocturnal, and
jaguarundi was diurnal. With the exception of jaguarundi, we fail to find strong temporal segregation among mesocarnivore and
interspecific interactions did not vary seasonally, but we observed separation in their activity peaks and significant difference in their
activity distributions. This partial temporal segregation can potentially contribute to interspecific coexistence, reducing the chances
of interspecific killing, mainly in relation to the dominant species (ocelot). Mesocarnivores did not exhibit a significant synchrony of
their activity with any of the preys evaluated, with the exception of jaguarundi, which significantly overlapped its distribution of
activity with some preys. Temporal segregation contributes, but does not seem to be the only mechanism behind the coexistence of
mesocarnivores in Caatinga dry forest; thus, other strategies such as spatial and dietary segregation should be considered.
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Introduction

Patterns of daily activity are a crucial component of mamma-
lian ecology and behavior, through which species respond to
variations in biotic, abiotic, and anthropogenic factors
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(Schoener 1974; Bennie et al. 2014; Gaynor et al. 2018).
Many species avoid being active in periods of intense heat
or cold to avoid hypo- or hyperthermia (Terrien et al. 2011),
or during full moon nights, which can make predators and
prey more exposed to mutual detection (Prugh and Golden
2014). Predators can adjust their daily activity in order to
maximize the chances of prey encounter thus minimizing the
energy expenditure, while pressing the prey to avoid encoun-
ters with potential predators (Foster et al. 2013; Monterroso
et al. 2013). In addition, the negative effects of interspecific
competition can also be minimized through temporal segrega-
tion, which is an important mechanism of coexistence among
species with similar ecology and morphology (Lucherini et al.
2009; Di Bitetti et al. 2010; Monterroso et al. 2014). This
strategy contributes to the avoidance of agonistic encounters
which minimize interference competition levels and reduce
the chances of intraguild predation and interspecific killing
among mammalian carnivores (Carothers and Jaksic 1984;
Polis et al. 1989; Palomares and Caro 1999).
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Mesocarnivores (< 15 kg) usually occupy a trophic posi-
tion just below the top predators (Roemer et al. 2009; Ritchie
and Johnson 2009), being submitted to top-down control by
apex predators while competing for habitat and food resources
(Ritchie and Johnson 2009). So, the reduction in numbers or
even the absence of top predators can contribute to increase
the abundance of mesocarnivores, which can expand their
ecological niche intensifying predation and intraguild compe-
tition effects (Crooks and Soulé 1999; Prugh et al. 2009).
Under these circumstances, larger and generally dominant
mesocarnivores (Oliveira and Pereira 2014) may emerge as
apex predators affecting subordinate species (Prugh et al.
2009). However, there are only a few studies on the ecology
of sympatric neotropical mesocarnivores in areas where top
predators were locally extinct, which usually correspond to
unprotected areas (Woodroffe and Ginsberg 1998). This type
of knowledge is essential to the conservation of biological
communities (Bu et al. 2016; Wang et al. 2015) in a world
with increasingly anthropogenic disturbances.

The Caatinga, a seasonally dry tropical forest in northeast-
ern Brazil, is a naturally stressful environment which has been
suffering high anthropogenic impacts (Silva et al. 2017;
Antongiovanni et al. 2018) that can be expected to modulate
species ecology (Stoner and Timm 2011; Astete et al. 2017a,
2017b). In most of the Caatinga, top predators such as the
jaguar Panthera onca Linnaeus, 1758 and the puma Puma
concolor Linnaeus, 1771 are declining or absent (Azevedo
et al. 2013; Feijo and Langguth 2013; Morato et al. 2013;
Marinho et al. 2018a). In such sites, mesocarnivores coexist
while being released from top-down regulation. In Caatinga,
the mesocarnivore assemblage is most commonly formed by
seven more widely distributed species (Feijo and Langguth
2013; Marinho et al. 2018a): three omnivorous species, rep-
resented by crab-eating raccoon Procyon cancrivorus
(G.[Baron] Cuvier, 1798) (adult body mass =5.4-8.8 kg),
crab-eating fox Cerdocyon thous Linnaeus, 1766 (5.7—
6.5 kg), and striped hog-nosed skunk Conepatus amazonicus
Lichtenstein, 1838 (2.4 kg), and four species that are strictly
carnivorous, represented by the felids ocelot Leopardus
pardalis Linnaeus, 1758 (8—11 kg), jaguarundi Herpailurus
yagouaroundi E, Geoffroy Saint-Hilare, 1803 (3—6 kg), and
northern tiger cat Leopardus tigrinus Thomas, 1904 (1.5—
3 kg), along with the mustelid lesser grison Galictis cuja
Molina, 1782 (1-3 kg) (Paglia et al. 2012; Oliveira and
Pereira 2014). This overlap in terms of ecological niche, as-
sociated with the virtual absence of top predators, can result in
the increase of competition effects, which, in turn, can be
lowered by deviations in the use of trophic, spatial, and tem-
poral resources (Schoener 1974). For the symtopic
mesocarnivores, especially with analogous morphology and
hunting strategies, alterations in activity patterns can improve
coexistence. In Brazilian semiarid regions, studies regarding
mesocarnivore activity patterns and temporal interactions are
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focused on a single species or in a sub-set of the
mesocarnivore guild, while they usually do not consider the
seasonal effect (Dias and Bocchiglieri 2016; Dias 2017,
Penido et al. 2017; Dias et al. 2018, 2019; Marinho et al.
2018b).

In this study, we use camera-trapping data to examine the
temporal ecology of a syntopic mesocarnivore guild in
a Caatinga dry forest area virtually free of top predators.
Puma seems absent from the area for over 10 years
(Marinho et al. 2018a), while no mention is provided on cur-
rent or previous presence of the jaguar, the other Caatinga top
predator. Our objectives were (i) to describe the daily activity
patterns of the mesocarnivore species, (ii) to evaluate possible
seasonal changes in their daily activity patterns, (iii) to exam-
ine patterns of segregation or temporal overlap among
mesocarnivores, and (iv) to test the overlap in daily activity
between mesocarnivores and their potential prey. According
to previous information, we expected mesocarnivores to be
nocturnal or mainly nocturnal (Dias 2017; Penido et al.
2017; Marinho et al. 2018b; Dias et al. 2018, 2019), except
for jaguarundi, which has a well-documented diurnal habit
throughout its distribution (Giordano 2016).

We expected that mesocarnivores with closely related ecol-
ogy and morphology, particularly the felids, would exhibit
greater temporal segregation, at least during their peaks of
activity (Penido et al. 2017; Dias et al. 2019), to avoid aggres-
sion risk and competition for resources (exploitative competi-
tion), while omnivorous species would differentiate their ac-
tivity mainly in relation to the ocelot, the largest
mesocarnivore known in the area. An alternative hypothesis
is that the activity patterns of the mesocarnivores are more
synchronized with their preferential prey, especially to the
hypercarnivorous felids (Linkie and Ridout 2011; Foster
et al. 2013; Porfirio et al. 2016). Considering that the
Caatinga dry forest is a highly seasonal environment, we hy-
pothesized that temporal niche segregation would be larger
during the dry season, when water and food resources are
more scarce and concentrated and the visual contact among
the mesocarnivores is potentially more common due to the
lower understory leaf density, which may increase interference
competition (Valeix et al. 2007; Vanak et al. 2013). In general,
we expected a possible lower daytime activity in the dry sea-
son related to the avoidance of high daytime temperatures
(Pita et al. 2011), considering the low humidity and the poor
protection of vegetation cover in this period.

Methods
Study site

This study was developed in a seasonally dry tropical for-
est (Caatinga) area between the Feiticeiro and Bonfim
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mountains in Lajes municipality, Rio Grande do Norte
state, northeastern Brazil (5° 44°-5° 51’ S latitude, 36°
11°-36° 06> W longitude, Fig. 1). The region is considered
a priority for the conservation of the Caatinga domain
(MMA 2016; Fonseca et al. 2017). The climate is semiarid,
with high temperatures and low rainfall. The higher pre-
cipitations usually occur between March and May, with
average annual rainfall varying from 400 to 650 mm. The
vegetation varies from open shrub formations, generally
more disturbed and occurring at lower altitudes, to more
forested and dense patches, mainly covering higher and
steeper areas (Velloso et al. 2002).

Despite being the largest continuous remnant of Caatinga
vegetation in the Rio Grande do Norte state (Projeto
Caatinga Potiguar 2015), the area has no legal protection
and is under several anthropogenic disturbances developed
in private properties, such as extensive livestock, cutting
wood for charcoal production, and conversion of natural
habitats to temporary agriculture. Poaching is another in-
tense activity in the area (Marinho et al. 2018a). The last
reliable reports of presence of puma in the region are more
than 10 years old (Marinho et al. 2018a), being probably
locally extinct (at least functionally) due to hunting and
conflicts with cattle ranchers. Finally, the region is the target
of mineral exploration, and is being prospected for installa-
tion of wind power plants.

Sampling design

Mesocarnivore occurrences were recorded through camera
trapping in an area of approximately 70 km?, between
May 2016 and February 2019, totaling a sampling effort of
13,976 camera-days divided into three sampling periods and
along a total of 50 sampling points (Table S1). In the first
survey (24 stations from May to June 2016), we used stations
with double cameras aiming to estimate the density of the wild
cats, while in the remaining two surveys we used stations with
a single camera (43 stations from January to October 2017 and
37 stations from October 2018 to February 2019, Table S1).
The sampling effort was divided in wet (7337 camera-days,
January—June) and dry season (6639 camera-days, July—
December) (adapted from Tomasella et al. 2018).

We used camera traps with heat and motion sensor (model
Bushnell® Trophy Cam ™ HD). For the installation of the
cameras, we prioritized trails used by people and/or livestock,
dirt roads, and temporary streams. The distance between cam-
eras was in average 929.5 m (SD =262.1). We set the camera
traps to record the date and time of the detections, with a
minimum interval of 5 min between consecutive records,
and we programmed them to take three photos per shot or
one photo and one video of 10 s, remaining active 24 h every
day. We considered the records of the same species at the same
sampling point with more than 1 h apart as independent
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Fig. 1 Study area and distribution of the 50 camera-trap stations (A) used to investigate the temporal niche and coexistence of a mesocarnivore guild in a
Caatinga dry forest in Lajes municipality, Rio Grande do Norte state (B), northeastern Brazil (C).
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(Goulart et al. 2009). We did not use any bait to attract the
animals.

Potential prey

The diet of mesocarnivores in the Caatinga is poorly known,
but few existing studies can give an idea of their potential prey
(Ximenez 1982; Olmos 1993; Dias and Bocchiglieri 2015,
2016). The striped hog-nosed skunk feeds mainly on arthro-
pods and lizards preyed on burrows, and occasionally on fruits
and small mammals such as marsupials (Olmos 1993). The
crab-eating fox diet in the region is based mainly on arthro-
pods, but also on fruits, lizards, birds, and some small rodents
such as Spix’s cavy Galea spixii (Wagler, 1831) (Olmos 1993;
Dias and Bocchiglieri 2016). The crab-eating raccoon can
consume mainly arthropods, followed by fruits, and small
vertebrates such as lizards, birds, and small rodents (Dias
and Bocchiglieri 2015). In the Serra da Capivara National
Park, northern tiger cat fed on large number of lizards such
as Ameiva ameiva (Linnaeus, 1758) and Tropidurus hispidus
(Spix, 1825), as well as on arthropods, birds, and a smaller
proportion of unidentified small rodents (Olmos 1993).
Ximenez (1982) also reported the presence of lizard scales
in the stomach contents of the northern tiger cat. With respect
to jaguarundi diet in Caatinga, there are reports of predation of
common marmoset Callithrix jacchus (Linnaeus, 1758)
(Ximenez 1982), rock cavy Kerodon rupestris F. Cuvier,
1825, Spix’s cavy, punaré rat Thrichomys laurentius
Thomas, 1904, and other small rodents, as well as, birds, liz-
ards, and arthropods (Olmos 1993; Dias and Bocchiglieri
2015). Finally, birds and lizards were more present in the diet
of ocelot in Caatinga, although punaré rat and white-eared
opossum Didelphis albiventris (Lund, 1840) also had been
predated (Dias and Bocchiglieri 2015). However, due to its
larger body size, the ocelot can also feed on larger prey such as
armadillos (Wang 2002; Moreno et al. 2006).

Data analysis

We divided the independent records of each species in 1-h
intervals over the 24 h circadian cycle. The uniformity of
species records throughout the circadian cycle was tested
using the Rayleigh test in the Oriana v.4 program (Kovach
Commuting Services, Wales, UK). In order to describe the
activity patterns, we classified the records in diurnal (between
1 h after sunrise and 1 h before sunset), nocturnal (between 1 h
after sunset and 1 h before sunrise), and crepuscular (=1 h of
sunrise or sunset) (Porfirio et al. 2016). To define the exact
time of sunrise and sunset, we used the software Tropsolar 5.0
(Cabus 2015). Since the samplings were carried out through-
out the year, we estimated the monthly variations in the sun-
rise and sunset times from the 15th day of each month to
classify the species records. For sunrise, the average value
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was 5:20 h, with an annual variation from 04:57 h to
05:35 h, while for sunset, the average value was 17:18 h, with
a variation of 17:09 h to 17:40 h throughout the year. For these
analyses, we used legal time as a reference, since annual var-
iations in the daytime period are lower at low latitudes
(Nouvellet et al. 2012).

We tested the existence of temporal segregation between
the activity patterns of species pairs, within the mesocarnivore
guild and between mesocarnivores and their potential prey
species, with the Mardia-Watson Wheeler test (MWW test)
in the software Oriana v.4. For each species, the same method
was performed to test for shifts in daily activity patterns be-
tween the dry and wet season. In addition, we used the non-
parametric Kernel density function to estimate the activity
overlap coefficient (A) between mesocarnivores, as well as
with their prey and between seasons (Ridout and Linkie
2009; Linkie and Ridout 2011). This coefficient, defined as
the area under the curves formed by the two density functions
in each time unit, ranges from 0 (no overlap) to 1 (total tem-
poral overlap of activity) (Ridout and Linkie 2009). We ob-
tained the 95% confidence intervals of the overlap coefficients
estimated through 1000 bootstrap samples (Linkie and Ridout
2011; Meredith and Ridout 2018). According to Ridout and
Linkie (2009), we used the coefficient Al for small samples
(<75 records for at least one of the pairs compared) and the
coefficient A4 for large samples (> 75 records). These analy-
ses were done with the R package overlap (Meredith and
Ridout 2018; R Development Core Team 2012). Finally, we
classified the activity overlap between each comparison as
follows: low overlap (A <0.5), moderate overlap (0.5 < A<
0.75), and high overlap (A >0.75) (Monterroso et al. 2014).
We performed the analysis of activity overlap only with pairs
of data (intra or between species) with more than 10 records in
each pair evaluated.

Results

We recorded all seven species of mesocarnivores expected for
the study area (Table 1). The number of records ranged from
1133 for the crab-eating fox to just five records for the lesser
grison. Due to the low number of records of the lesser grison,
this species was excluded from all posterior analyses.

The species activity patterns were not homogenous
throughout the circadian cycle according to Rayleigh test
(Fig. 2; Table 1). The striped hog-nosed skunk was nocturnal,
starting its activities during dusk but avoided the dawn (Fig.
2a). The crab-eating fox was nocturnal-crepuscular, this canid
started its activity at dusk, remained active throughout the
night and reached the peak of activity at dawn, with some
residual activity during the first part of the day (Fig. 2b).
The crab-eating raccoon was nocturnal, but had a peak activity
during dusk and another just before dawn (Fig. 2¢). The ocelot



Eur J Wildl Res (2020) 66: 34

Page50f 13 34

Table 1 Daily activity patterns of mesocarnivores in a Caatinga dry
forest, northeastern Brazil. Rayleigh Z tested the homogeneity of the
species daily activity using the total number of records. Species were
classified into activity categories based on the percentage of records
falling in different day periods (day, night, and twilight). N is the
number of records total and in each season. A measures the species

overlap in their temporal niche between the dry and wet seasons (with
the respective 95% confidence intervals). Mardia-Watson-Wheller
(MWW) tested the temporal niche segregation between dry and wet sea-
sons. Significant results are presented in italics. The few records of lesser
grison prevented any analysis

Mesocarnivores N Rayleigh Z Activity N (dry/wet) Adry-wet MWWy
(total) @) (% daymight/twilight) (95% CI) wet
®)
Striped hog-nosed skunk 288 147.4 Nocturnal 154/134 091 1.27
(< 0.001) (0.3/94.1/5.6) (0.83-0.97) (0.53)
Crab-eating fox 1133 214.6 Nocturnal-crepuscular 640/493 0.94 2.02
(<0.001) (10.3/61.9/27.8) (0.90-0.97) (0.36)
Crab-eating raccoon 36 12.0 Nocturnal 10/26 0.79 1.57
(< 0.001) (2.8/88.9/8.3) (0.57-0.96) (0.46)
Ocelot 143 44.1 Mostly nocturnal 79/64 0.83 0.02
(< 0.001) (7.0/79.7/13.3) (0.73-0.92) (0.99)
Northern tiger cat 524 78.5 Nocturnal-crepuscular 252/272 0.92 0.78
(< 0.001) (16.2/60.1/23.7) (0.86-0.97) (0.68)
Jaguarundi 84 11.2 Diurnal 33/51 0.78 0.92
(< 0.001) (52.4/3.6/44.0) (0.63-0.90) (0.63)
Lesser grison 5 - Unclassified 1/4 - -
(100/0/0)

was mostly nocturnal, but it initiated strongly its activities
during dusk and slowed down continuously until the first
hours of the morning (Fig. 2d). The northern tiger cat was
nocturnal-crepuscular, but it was relatively generalist,
performing a fair amount of its activities during day hours
(Fig. 2e). Finally, the jaguarundi was diurnal, but it also pre-
sented a high activity during the dawn and dusk periods (Fig.
21).

Daily activity distribution patterns were very similar be-
tween dry and wet periods for all mesocarnivore species; dif-
ferences in activity distributions between seasons being non-
significant (Fig. 3; Table 1). The crab-eating fox (A =0.94
[0.90-0.97]) showed the highest activity overlap between sea-
sons, while jaguarundi exhibited the lowest (A =0.78 [0.63—
0.90]), with some decrease in its sunset peak of activity during
dawn in dry season (Fig. 3; Table 1).

Intraguild interactions

Overlap of daily activity patterns among mesocarnivore spe-
cies varied widely, from 0.14 to 0.92 (Fig. 4). The activity
distribution test indicated that there were significant differ-
ences in the activity patterns for 10 of the 15 mesocarnivore
contrasts (Table 2). The lower overlap coefficients (0.14—
0.48) appeared between the diurnal jaguarundi and all other
species, showing a strong and significant temporal niche dif-
ferentiation (Fig. 4; Table 2). The higher overlap coefficients
occurred between crab-eating raccoon and all other
mesocarnivores (0.76—0.83), except jaguarundi, and between

crab-eating fox and northern tiger cat (0.92) (Fig. 4; Table 2),
which indicate temporal niche similarity. The remaining spe-
cies contrasts had moderate to high overlap coefficient (0.70—
0.79), but always showing significant temporal niche differ-
ences through their activity distributions (Fig. 4; Table 2). It
should be highlighted that we found no evidence of change in
intraguild interactions between dry and wet seasons
(Table S2).

Predator-prey temporal overlap

Camera trapping detected several mammal (N= 1184 re-
cords), bird (N=1031), and lizard (N=179) species that
could be potential preys of mesocarnivores (Table S3).
Among the mammals, we recorded Spix’s cavy, punaré
rat, rock cavy, white-ecared opossum, yellow armadillo
Euphractus sexcinctus (Linnaeus, 1758), and nine-
banded armadillo Dasypus novemcinctus (Linnaeus,
1758). In relation to the ground-dwelling and ground-
foraging birds, we recorded several species of doves,
including Columbina spp., Zenaida auriculata (Des
Murs, 1847), and Leptotila verreauxi (Bonaparte, 1855),
as well as tinamou species of the genera Crypturellus and
Nothura. Among the lizards, we recorded A. ameiva,
T hispidus, Tropidurus semitaeniatus (Spix, 1825), and
Ameivula ocellifera (Spix, 1825) (Table S3). Due to iden-
tification uncertainties, in the following analyses, doves,
tinamous, and lizards were analyzed as groups
(Table S3).
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Most potential mammalian preys exhibited nocturnal or
mainly nocturnal activity, with the exception of rock cavy
and yellow armadillo which were cathemeral and crepuscular,
respectively (Table S3; Fig. S1). For birds, doves were diurnal
while tinamous were crepuscular (Table S3; Fig. S1). Finally,
lizards were diurnal (Table S3; Fig. S1). Most preys had sim-
ilar daily activity patterns throughout the year, with the excep-
tion of yellow armadillo and the doves, which exhibited sig-
nificant difference between the dry and wet season (Table S3).

Among the omnivorous mesocarnivores (Table 3; Fig. S1),
the daily distributions of records of the striped hog-nosed
skunk differed significantly from the pattern exhibited by
most potential preys, except from punaré rat and white-eared
opossum (Table 3; Fig. S1). The distribution of activity of the
crab-eating fox was significantly different from all potential
preys, although it had a reasonable temporal overlap with
some small mammals (Table 3; Fig. S1). Finally, the activity
pattern of crab-eating raccoon was similar to Spix’s cavy and
punaré rat (Table 3; Fig. S1), and to the white-eared opossum
during dry season (Table S4), but differed from the other po-
tential preys.

18:00- 0% 0% 4

18:00 6% 9%

12:00 12:00

Fig. 2 Daily activity patterns of mesocarnivores in a Caatinga dry forest,
northeastern Brazil. Each circular histogram is divided into 24 intervals of
60 min, and their bars represent the percentage of the total number of
camera-trap detections in each interval. Day (on average, 06:20 h—
16:18 h), night (after 18:18 h—04:20 h), and twilight (£ 1 before and after
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Regarding the felids (Table 3; Fig. S1), the ocelot and the
northern tiger cat differed significantly their activity distribu-
tions from all potential preys, although they had a reasonably
high activity overlap with some small mammal species such as
Spix’s cavy and white-eared opossum (Table 3; Fig. S1). In
fact, in the wet season, the distribution of activity of the ocelot
did not differ from the white-eared opossum (Table S4).
Finally, the activity pattern of jaguarundi was similar to that
exhibited by rock cavy and tinamous in both seasons
(Table S4), but differed from other potential prey (Table 3;
Fig. S1). Except to the ocelot, predator-prey temporal interac-
tions were extremely conserved across seasons (Table S4).

Discussion

This study provides a broad description of the temporal ecol-
ogy of a complete guild of mesocarnivores, including
intraguild and predator-prey temporal interactions, in an area
of the Brazilian Caatinga where top predators are locally ex-
tinct or functionally absent. The observed activity patterns are
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5:20 h and 17:18 h) correspond to white, black, and gray, respectively.
Species are (a) striped hog-nosed skunk, (b) crab-eating fox, (¢) crab-
eating raccoon, (d) ocelot, (e) northern tiger cat, and (f) jaguarundi. Origin
of the specie’s images: De Angelo et al. (2015)
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qualitatively similar to those described in the literature: striped
hog-nosed skunk is classified as nocturnal (Cavalcanti et al.
2014; Dias 2017), crab-eating fox as nocturnal-crepuscular
(Bianchi et al. 2016; Dias and Bocchiglieri 2016; Penido
et al. 2017), crab-eating raccoon as nocturnal (Gémez et al.
2005; Bianchi et al. 2016), ocelot as mainly nocturnal (Di
Bitetti et al. 2010; Oliveira-Santos et al. 2012; Massara et al.
2016; Penido et al. 2017; Dias et al. 2018, 2019; Nagy-Reis
et al. 2019), northern tiger cat as nocturnal-crepuscular
(Penido et al. 2017; Marinho et al. 2018b; Dias et al. 2019),
and jaguarundi as diurnal (Giordano 2016; Massara et al.
2016; Dias et al. 2019). In the case of the lesser grison, al-
though the low number of records prevented any analysis, all
five records were obtained between 06:15 and 07:15 h, sug-
gesting a daytime activity as already reported in the literature
(Kasper et al. 2013).

Potential competitor species tend to develop mechanisms
to alleviate competition, especially in the case of morpholog-
ically similar and closely related species (Schoener 1974). In
the case of carnivorous mammals, besides the exploitation
competition, the risk of aggression (interference competition)
and intraguild predation can induce submissive species to be
active at hours with a lower probability of finding a dominant
competitor (Polis et al. 1989). Thus, temporal avoidance is
often the most important mechanism of coexistence (Bianchi
et al. 2016; Carothers and Jaksic 1984). Our results provide
partial support for the hypothesis that temporal segregation
represents a mechanism that facilitates the coexistence of
mesocarnivores in a semiarid region. Although most pairs of
species exhibited a high or moderate activity overlap, almost
all mesocarnivores segregated at least their activity peaks
throughout the circadian cycle, suggesting a partial avoidance
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Fig. 3 Density estimates of daily activity patterns and extension of
overlap within mesocarnivore species between dry and wet season in a
Caatinga dry forest, northeastern Brazil. Overlap is represented by the

shaded gray area. The dashed vertical lines represent the average legal
time of sunrise [5:20 h] and sunset [17:18 h]) during the study period. The
time of the records is shown as ticks in the bottom of the figures
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that may decrease competition as well as the risk of intraguild
predation (Carothers and Jaksic 1984), especially in relation to
the larger species in the area (i.e., the ocelot). For example, the
ocelot has a relatively continuous higher activity between
18:00 p.m. and 2:00 a.m., followed by a decrease until approx-
imately 5:00 a.m., while the other species exhibited a higher
proportion of activity in the second part of the night, with two
of them (crab-eating fox and northern tiger cat) displaying a
larger peak near sunrise hours similar to diurnal jaguarundi.
The studies have pointed out a high activity overlap between
ocelot and omnivorous mesocarnivore species (Bianchi et al.
2016; Massara et al. 2016), and a low to moderate temporal
overlap between ocelot and small sympatric felid species (Di
Bitetti et al. 2010; Massara et al. 2016; Nagy-Reis et al. 2019).

Regarding generalist or omnivorous species, we found
some evidence of temporal segregation between the striped
hog-nosed skunk and the crab-eating fox, but no segregation
between the crab-eating raccoon and the other two species. In
the case of the crab-eating raccoon, its larger body size in
relation to the other mesocarnivores prevents it from being
attacked or predated (Oliveira and Pereira 2014). In addition,
its preference for environments near water bodies (Cheida
et al. 2013), as well as the consumption of aquatic and semi-
aquatic prey, may decrease competition with other
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mesocarnivores through spatial and dietary segregation, re-
spectively, at least when there are enough water bodies.
However, considering the scarcity of water bodies in the
Caatinga, especially in the dry season, it is possible that during
most of the year, there is a considerable trophic niche overlap
among all omnivorous mesocarnivores. In an environment
with greater resource availability such as the Pantanal, tempo-
ral segregation was more important for generalist
mesocarnivores, including crab-eating fox and crab-eating
raccoon (Bianchi et al. 2016). Further studies are necessary
for a better understanding of the ecology of the crab-eating
raccoon in a semiarid and seasonal environment like the
Brazilian Caatinga.

The three felid species, which due to their ecological sim-
ilarities can be strong competitors, partially segregated their
temporal activity. While the diurnal jaguarundi exhibited a
daily activity pattern very different from the other two felids,
the ocelot and the northern tiger cat separated their peaks of
higher activity despite overlapping much of their daily activ-
ity. This pattern is similar to that found in other areas of the
Caatinga where larger predators occur (Penido et al. 2017,
Dias et al. 2019), but it is somewhat different from the pattern
reported for a very closely related species, the southern tiger
cat Leopardus gutullus Hensel, 1872 (Massara et al. 2016;
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Fig. 4 Density estimates of daily activity patterns and extension of
their overlap among pairs of mesocarnivores in a Caatinga dry forest,
northeastern Brazil. Overlap is represented by the shaded gray area. The
dashed vertical lines represent the average legal time of sunrise [5:20 h]
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and sunset [17:18 h]) during the study period. Significant differences in
MWW test are indicated by an asterisk after overlap coefficient values
(A). The time of the records is shown as ticks in the bottom of the figures.
Origin of the specie’s images: De Angelo et al. (2015)
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Table 2 Temporal niche overlap values of mesocarnivores in a
Caatinga dry forest, northeastern Brazil. Overlapping coefficient values
(A) with their respective 95% confidence intervals (between parentheses)
are represented above the diagonal while the Mardia-Watson-Wheller test

values (W), with its respective statistical significance (p, between paren-
theses) are represented below the diagonal. Statistically significant values
are shown in italics

Mesocarnivores Striped hog-nosed skunk  Crab-eating fox ~ Crab-eating raccoon  Ocelot Northern tiger cat ~ Jaguarundi
Striped hog-nosed skunk  — 0.70 0.83 0.79 0.71 0.14
(0.66-0.74) (0.70-0.93) (0.71-0.85)  (0.66-0.75) (0.10-0.23)

Crab-eating fox 100.1 - 0.77 0.78 0.92 0.46

(< 0.001) (0.65-0.87) (0.72-0.84)  (0.88-0.94) (0.38-0.53)
Crab-eating raccoon 3.7 43 - 0.79 0.76 0.29

(0.16) (0.11) (0.64-0.92)  (0.64-0.87) (0.18-0.40)
Ocelot 12.5 25.1 42 - 0.77 0.31

(< 0.01) (< 0.001) 0.12) (0.70-0.84) (0.23-0.40)
Northern tiger cat 83.1 0.08 52 25.8 - 0.48

(< 0.001) (0.96) (0.07) (< 0.001) (0.40-0.54)
Jaguarundi 170.4 115.8 62.9 117.5 104.6 -

(< 0.001) (< 0.001) (< 0.001) (< 0.001) (< 0.001)

Nagy-reis et al. 2019). In the mesic Atlantic Forest of southern
and southeastern Brazil, the southern tiger cat exhibited a noc-
turnal behavior in the absence of the ocelot and the puma
(Oliveira-Santos et al. 2012) compared to a cathemeral or
mostly diurnal activity where larger felids are present with
the overlap between them ranging from moderate to low
(Oliveira-Santos et al. 2012; Massara et al. 2016; Nagy-Reis
et al. 2019). Unlike what happens in these more humid envi-
ronments, where temporal segregation seems to be stronger

Table3  Temporal niche overlap coefficient (A), with its respective 95%
confidence intervals (between parentheses), among mesocarnivores and
potential prey in a Caatinga dry forest, northeastern Brazil. The A values
with asterisk indicate significant difference (p < 0.05) in pairwise activity

(Massara et al. 2016; Nagy-Reis et al. 2019), in the Brazilian
semiarid, differentiation in spatial dimensions may be impor-
tant to promote mesocarnivore coexistence (Dias et al. 2019).
In this sense, future studies should investigate whether spatial
segregation is acting in main or complementary way
toward coexistence of this carnivore guild.

We found a high overlap in temporal activity patterns be-
tween northern tiger cat and crab-eating fox, which contrasts
with the temporal segregation found in an area of Caatinga

distribution according to Mardia-Watson-Wheller test. We considered
yellow armadillo, which is a medium-sized mammal (5.4 kg, Paglia
et al. 2012), a potential prey only for larger mesocarnivore in the area,
the ocelot

Potential prey Striped hog-nosed skunk  Crab-eating fox ~ Crab-eating raccoon ~ Ocelot Northern tiger cat ~ Jaguarundi
Mammals
Spix’s cavy 0.76* 0.81* 0.83 0.73* 0.80* 0.32%
(0.70-0.82) (0.77-0.85) (0.72-0.93) (0.66-0.80)  (0.76-0.85) (0.24-0.40)
Punaré rat 0.93 0.69* 0.82 0.73* 0.70* 0.16*
(0.86-0.98) (0.63-0.74) (0.69-0.92) (0.64-0.81)  (0.64-0.76) (0.09-0.23)
Rock cavy 0.34* 0.53* 0.45% 0.50* 0.58* 0.71
(0.24-0.44) (0.42-0.62) (0.33-0.57) (0.38-0.61)  (0.47-0.68) (0.61-0.81)
White-eared opossum ~ 0.92 0.68%* 0.78%* 0.81°%* 0.67* 0.14%
(0.85-0.97) (0.62-0.73) (0.65-0.90) (0.73-0.88)  (0.61-0.72) (0.07-0.21)
Yellow armadillo - - - 0.37* - -
(0.31-0.44)
Birds
Dove 0.04* 0.26* 0.10* 0.14* 0.27* 0.70*
(0.02-0.06) (0.24-0.29) (0.03-0.19) (0.09-0.21)  (0.24-0.31) (0.62-0.78)
Tinamous 0.19* 0.45* 0.26* 0.27* 0.46* 0.75
(0.07-0.31) (0.32-0.57) (0.10-0.43) (0.14-0.41)  (0.32-0.59) (0.56-0.91)
Reptiles
Lizard <0.01* 0.08* 0.03* 0.08* 0.14* 0.41*
(<0.01-0.02) (0.05-0.11) (<0.01-0.10) (0.04-0.13)  (0.10-0.17) (0.31-0.51)
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where large felids coexist with such mesocarnivores (Penido
et al. 2017). Their coexistence can be facilitated by the fact
that these two species partially differ in their diet, with crab-
eating fox being omnivorous and northern tiger cat strictly
carnivorous. The crab-eating fox, for instance, can be found
near human habitations looking for food resources, while the
northern tiger cat normally avoids such areas (Marinho et al.
2018b). These observations also suggest that an alternative
mechanism of coexistence can be in the space use. Spatial
segregation could alleviate possible agonistic interactions, de-
spite the chances for intraguild predation are considered to be
low (Oliveira and Pereira 2014). It should be notice that the
temporal overlap between these two mesocarnivores may be
forced by the avoidance of the peak activity of ocelot and
hottest part of the day.

In addition to interspecific interactions, the environmental
conditions may also be critical in shaping the species activity.
In semiarid environments such as the Caatinga, where there
are high solar radiation and high diurnal temperatures, both
predators and prey are expected to be active during nocturnal
and twilight periods to avoid overheating and water loss
(Terrien et al. 2011; Penido et al. 2017). Thus, this should limit
the temporal window within the circadian cycle available for
species to adjust their activity in response to competition or
predation risk. The considerable overlap in activity of even
ecologically close species such as the ocelot and the northern
tiger cat suggests this limitation. Thus, the differentiation in
activity peaks may be a more efficient mechanism of
coexistence.

In contrast to what one could expect, we did not detect
important variations in the daily activity patterns of
mesocarnivores between dry and wet periods. Since the
Brazilian Caatinga experiences a marked seasonal variation
in precipitation and resource availability along the year
(Andrade et al. 2017), our results indicate that mesocarnivores
are well adapted to such variable conditions. Possible behav-
ioral mechanisms explain such resilience include diet and spa-
tial shifts. For instance, during months of greater heat and
water stress, the animals may be moving to more mesic loca-
tions such as mountains or to sites with water sources
(Carmignotto and Astaa 2017).

Predators tend to manage the pressure for intraguild segre-
gation, but they also need to synchronize their activity with
their main prey to reduce energy expenditure on food hunting
(Foster et al. 2013; Monterroso et al. 2013). According to our
results, for most mesocarnivores, the activity pattern seems to
reflect a balance between partial temporal segregation with
competitors/predators and partial temporal overlap with as
many potential prey as possible, since few species such as
jaguarundi synchronized their activity with specific potential
prey. All of the mesocarnivore species have a high or moder-
ate activity overlap with at least one type of prey, although the
peaks of activity were generally different. This may allow a
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sequential exploration of the resources while decreasing the
chances of agnostic encounters (Monterroso et al. 2013).
Indeed, the other mesocarnivores that exhibited high overlap
and synchrony in their activity with potential prey are the
omnivorous striped hog-nosed skunk and crab-eating raccoon,
which should only occasionally feed on small mammals
(Olmos 1993; Dias and Bochiglieri 2015).

In the case of the jaguarundi, the significant overlap in the
distribution of activity with the rocky cavy and tinamous sug-
gests that these must be important preys in the region, while
the other wild felid species should exploit these preys in a
complementary way. In other Caatinga areas, the rocky cavy
has a more nocturnal activity which is more overlapped by the
activity of the northern tiger cat (Penido et al. 2017; Dias et al.
2019) and the ocelot (Dias et al. 2018) than by the jaguarundi.
Dias et al. (2019) also found a high and significant overlap of
the ocelot activity with the nine-banded armadillo, a species
apparently rare in our area, while the yellow armadillo is
abundant but has a markedly distinct activity compared to
the ocelot.

However, it is important to highlight that the temporal over-
lap alone does not define the vulnerability of the prey or the
preference of the predator, since there must also be spatial
overlap, not investigated here. In addition, some prey can be
captured while resting or taking refuge in their dens (Emsens
et al. 2013), such as suggested to crab-eating fox and hog-
nosed skunk in Caatinga, which seem to prey on lizards re-
moving them from their dens (Olmos 1993). Therefore, stud-
ies on spatial interactions and diet of mesocarnivores in this
semiarid region are important to elucidate predator-prey rela-
tionships and the level of feeding overlap between
mesocarnivores.

Finally, our results suggest that the mesocarnivore spe-
cies have generally a higher proportion of nighttime activi-
ty, and that there is a separation in their activity peaks rather
than a stronger temporal segregation which remains
throughout the seasons, possibly as a trade-off between
avoiding the aggressive encounters with competitors/
predators and hotter periods of the circadian cycle.
Although mesocarnivores presented a high overlap with at
least one prey, species such as the crab-eating fox, the north-
ern tiger cat, and the ocelot did not exhibit a strong synchro-
ny of their activity with any of the preys evaluated, suggest-
ing a more generalist behavior that could contribute to me-
diate intraguild interactions. Our results contribute to the
understanding of the ecology of mesocarnivores, intraguild
interactions, and predator-prey relationships in semiarid en-
vironments in a scenario of potential disturbance caused by
the eradication of top predators. It is important to keep in
mind that high overlap of daily activity between species
does not necessarily determine a high potential of encounter
if these species segregate spatially; so, further studies
should seek to understand the role of the spatial and trophic
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dimensions of the ecological niche in intraguild interac-
tions, and ideally to compare the ecology of species in areas
with different degrees of carnivore guild integrity.
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