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Mechanisms that decrease niche overlap in at least one of its dimensions (i.e., spatial, temporal, or dietary)
tend to facilitate coexistence of similar, sympatric species. We investigated whether temporal or dietary
segregation plays a significant role in the coexistence of Neotropical small felids. In addition, we examined
the role of prey activity in shaping their time use. We compared the activity and diet of four felids (oncilla
- Leopardus gutullus, margay - L. wiedii, jaguarundi - Puma yagouaroundi, and ocelot - L. pardalis) using
camera trapping and scat surveys (45 sampling sites) in an Atlantic Forest remnant (35,000 ha) in Brazil.
Ocelot, margay, and oncilla seem to be generalists and, overall, they consumed mammalian prey species
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Ic()iye‘l/ztzrds' of distinct sizes. As a consequence, we found moderate dietary overlap between all pairs of felids and low
Margay between ocelot and the other species. Oncilla and margay seem to be cathemeral, jaguarundi diurnal,
Oncilla and ocelot nocturnal, which resulted in low to moderate temporal overlap between them, potentially
Jaguarundi decreasing interspecific encounters. Predator-prey temporal overlap seems to be moderate for oncilla,

Niche segregation margay, and jaguarundi, but high for ocelot. Our results suggest that time partitioning associated with

dietary differences contribute to the coexistence of this Neotropical small-felid assemblage, and that prey

activity is a factor shaping their activity pattern, especially for ocelot.
© 2018 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.

Introduction

Morphologically similar and closely related species usually have
high niche overlap, which leads to competitive interactions when
in sympatry (Schoener, 1974). Such competitive interactions can
influence the presence, abundance, behavior, and distribution of
sympatric carnivores (Macdonald et al., 2011), and mechanisms
that decrease niche overlap in at least one of its dimensions (i.e.,
spatial, temporal, or dietary) are usually selected.

Although segregation in habitat and space are typical mech-
anisms to alleviate niche overlap across several taxa, time
partitioning is expected to be common among predators, since their
food (prey) display peaks of activity throughout the day (Schoener,
1974). Therefore, prey activity may also play an important role in
shaping how predators use their time (e.g., Delibes-Mateo et al.,
2014; Fosteretal.,2013; Harmsen et al.,2011; Roth and Lima, 2007;
Weckel et al., 2006).
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E-mail address: nagy.reis@ualberta.com (M.B. Nagy-Reis).
1 Current address: Department of Biological Sciences, University of Alberta, 116
St. and 85 Ave, Edmonton, T6G 2R3, Canada.
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Felids present similar morphologies due to relatively recent
divergence and constrains imposed by foraging and diet (Johnson
etal., 2006; Kitchener et al.,2011). Therefore, they are a good model
for understanding how closely related and morphologically simi-
lar species can coexist. In the Neotropical rainforests, four small
felids are found living in sympatry: ocelot (Leopardus pardalis),
jaguarundi (Puma yagouaroundi), margay (L. wiedii), and oncilla (L.
guttulus) or northern oncilla (L. tigrinus; formerly the same species
as L. guttulus - Trigo et al., 2013a). These species have limited
differences in body sizes (8-15 kg, 4.5-9 kg, 3-9kg, and 1.5-3 kg,
respectively; Emmons and Feer, 1997), which typically lead to high
exploitative competition (Donadio and Buskirk, 2006; Rosenzweig,
1966). At the same time, as ocelot is 2-4 times larger than the
other three species, the chances of interference competition (i.e.,
harassment and killing) are also high (Donadio and Buskirk, 2006).

Considering that Neotropical small felids seem to co-occur inde-
pendently and do not seem to avoid each other spatially (Massara
et al., 2016; Nagy-Reis et al., 2017), here we investigated whether
dietary or temporal segregation plays an important role in their
coexistence. In addition, we also examined the importance of prey
activity in shaping their time use. If species segregate in diet, we
would expect them to have low dietary overlap by consuming prey
of distinct species/sizes. If they segregate in time, we would expect
them to have low temporal overlap by being active in different time
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of day. Lastly, if prey activity is a key factor shaping their use of
time, we would expect to find a high temporal overlap between
these predators and their main prey.

Methods
Study area

Serra do Japi is a protected area located in southeast Brazil
(47°03'40"W to 46°52'20"W and 23°22'30”S to 23°11’35"S).
Although it represents one of the few large remnants of Atlantic
Forest (35,000 ha), as most of this ecoregion, it suffers several
anthropogenic pressures, including poaching, real state pressure,
and productive activities. The study site is characterized by semide-
ciduous mesophilic forest with mountainous terrain and a seasonal
climate (Morellato, 1992). The mean temperature is 19.7°C, and
the mean annual rainfall is 1422 mm, with a dry and cold season
occurring from April to September and a wet and warm season from
October to March (Morellato, 1992).

Data collection

We surveyed 45 sampling sites distributed in a regular grid
and spaced approx. 1.5 km apart (Fig. 1). Data were collected from
April 2013 to September 2014 using camera trapping (passive
infrared camera traps; Bushnell Trophy Cam; N=5198 trap days)
and scat sampling (see Nagy-Reis et al., 2017 for details; our paper
is intended to complement their study). We collected data on four
species of Neotropical small felids: oncilla (Leopardus guttulus),
margay (L. wiedii), jaguarundi (Puma yagouaroundi), and ocelot (L.
pardalis), in addition to data on their main prey. We visited each
sampling site six times to collect scats (three in the dry season and
three in the rainy season). We collected all scats found along a 1-
km segment in the dirt road closest to each site (total sampling
effort=207 km).

Diet

We identified felid scats using trichology (analyzing the cuticle
patterns of the guard hairs; following Quadros and Monteiro-Filho,
2006) and validated our identification using molecular analysis
(using mini-barcoding and comparing two markers from mitochon-
drial DNA; see Nagy-Reis et al., 2017 for details). We washed scats
in two sieves (0.5 mm and 1.0 mm) under running water and then
separated food items macroscopically (according to Reynolds and
Aebischer, 1991), into the following categories: mammal bones,
bird bones, reptile bones, hair, feathers, scales, insect parts, plant
parts, and inorganic materials (e.g., sediments and rock fragments).
We identified the items at the lowest taxonomic level possible
(e.g., species, genus, family, order) with the help of specialists (see
acknowledgements) and literature (Sakane, 2015). Items that we
were unable to classify but were morphologically similar were
grouped into morphotypes. We then determined the number of
occurrence (i.e., number of items, n), percentage of occurrence (i.e.,
proportion of item in diet, PO), and frequency of occurrence (i.e.,
proportion of scats with item, FO). Additionally, we calculated the
geometric mean body weight of mammalian prey, which considers
the number of occurrence (n) of each prey species and their respec-
tive body weight from the literature. The number of taxa found in
the diet of each felid was assumed to be the minimum number of
taxa, as some items were not successfully identified.

Activity pattern

Activity patterns were obtained from the time printed in the
photos of the four small felids and their main prey. We used

only one photo every 60-minute interval to avoid auto-correlation
(similarly to Porfirio et al., 2016). We used our diet results and liter-
ature review (Bianchi et al., 2010, 2011; Meza et al., 2002; Moreno
et al., 2006; Silva-Pereira et al., 2011; To6foli et al., 2009; Trigo
etal., 2013b; Wang, 2002) to determine the main potential prey of
each felid species. We considered small mammals (<1 kg; mainly
small rodents and marsupials) and small birds (<0.2 kg; mainly
passerines and doves) as the main prey for margay, oncilla, and
jaguarundi, and small and medium-sized mammals (between 1 and
13 kg; mainly opossums - Didelphis sp., Brazilian rabbit - Sylvilagus
brasiliensis, paca - Cuniculus paca, armadillos - Dasypodidae, and
porcupine - Coendou spinosus) as well as small and medium-sized
birds (atasmaller degree; <0.5 kg; passerines, doves, and tinamous)
for ocelot. Although cameras are more commonly used to survey
medium- and large-sized mammals, they can also be used to col-
lect data on birds (O’Brien and Kinnaird, 2008), as well as on small
mammals, particularly when activity pattern is the main objective
of the survey (Torre et al., 2005).

Data analysis

Diet

We investigated the niche breadth of each species using the
standardized Levins index (B,; its values range from O = generalist
to 1 = specialist; Krebs, 1998). Niche overlap was estimated using
Pianka Index (O; its values range from O = total segregation to 1 =
equal use of resources; Pianka, 1974).

Activity pattern

We performed a Rayleigh test of uniformity to each felid species
to verify the significance of the mean direction of their activity
in the 24-hour cycle. This test informs if the activity records are
uniformly distributed throughout the day or randomly distributed
(Lund and Agostinelli, 2015), indicating, therefore, whether the
species is cathemeral or not.

Time use and temporal overlap were estimated using kernel
density estimation (Linkie and Ridout, 2011; Ridout and Linkie,
2009) and a coefficient of overlapping (A) that ranges from 0 (no
overlap) to 1 (complete overlap). We used the estimator Al , which
is recommended for small sample sizes (Ridout and Linkie, 2009).
Standard errors were obtained from the confidence intervals esti-
mated from 1000 bootstrap samples. Analyses were performed
using the packages ‘circular’ (Lund and Agostinelli, 2015) and ‘over-
lap’ (Meredith and Ridout, 2016) in R (R Development Core Team,
2014).

Results
Diet

We collected 71 scat samples of small felids (Ngpcina =31,
Nmargay =27, Njaguarundi =5, Nocelor =8). Oncilla’s diet was mostly
composed of small mammals (43% of items), reptiles (25%), and
birds (18%; Table 1). Margay’s diet was mainly composed of birds
(38%) and small mammals (36%), and ocelot’s diet mostly included
small mammals (39%), reptiles (17%), and medium-sized mammals
(11%). We found mainly bird items in jaguarundi’s scats (67%), how-
ever, we had not only a low number of scats but also an extremely
low number of food items for this species. Therefore, we have
excluded it from our dietary analysis.

None of the small felids seems to be a specialist (niche breadth
0f B, oncilla = 0.68, Ba, margay =0.50,and B, ,cejor = 0.55). Dietary niche
overlap was moderate between all pairs of small felids, being
highest between oncilla and margay (0=0.69) and intermedi-
ate between ocelot and oncilla (0=0.54) and ocelot and margay
(0=0.53). In addition, the three felids consumed mammalian prey
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Fig. 1. Map of the study area (Serra do Japi; 35,000 ha) where data on oncilla (Leopardus guttulus), margay (L. wiedii), jaguarundi (Puma yagouaroundi), ocelot (L. pardalis),
and their main prey were collected using camera trap and scat sampling. Adapted from Nagy-Reis et al., 2017.

species of distinct sizes: the geometric mean body weight of mam-
malian prey for ocelot was 57 g, whereas it was 32 g for margay,
and 23 g for oncilla.

Activity pattern

We obtained 66 photos of small felids (Nopciiia =29, Nmargay = 12,

Njaguarundi =9, and Nocelor =16) and 4382 photos of their prey

(Nsmatt birds = 1,472, Nsmall and medium birds = 1,936, Nsmall mammals = 77,
and Njyedium-sized mammals = 897). Oncilla and margay appeared to

be active throughout the entire 24-hour cycle (Rayleigh, r=0.15,
p=0.76, N=29; r=0.18, p=0.38, N=12, respectively), present-
ing cathemeral activity patterns (Fig. 2). Contrarily, the records
of jaguarundi and ocelot were not homogenously distributed
throughout the hours of the day (Rayleigh, r=0.63, p<0.05, N=9;
r=0.64, p<0.001, N=16; respectively). Jaguarundi was recorded
bothin the day and at dusk, and ocelot was mainly nocturnal (Fig. 2).
In general, we found a moderate overlap in the time use of the four
small felids (A, between pairs of species ranged from 0.29 to 0.73;
Fig. 2).

The activity of their main prey was the following: birds were
diurnal, small mammals were mostly nocturnal but had some activ-
ity during the day, and medium-sized mammals were primarily
nocturnal (Fig. 3). Temporal overlap (A) between predators and
prey ranged from 0.17 to 0.81, being highest between ocelot and
its prey (Fig. 3).

Discussion

Morphologically similar sympatric species typically select
mechanisms that decrease niche overlap in atleast one of its dimen-
sions (i.e., spatial, temporal, or dietary; Estevo et al., 2017; Foster
et al., 2013; Harmsen et al., 2009; Sunarto et al., 2015). Here,
by investigating the time use and diet of four similar sympatric
Neotropical small felids (oncilla, margay, jaguarundi, and ocelot) in
a large Atlantic forest remnant, we found some evidence that both,
temporal and dietary segregation, are important mechanisms facil-
itating their coexistence and that prey activity potentially affects
their temporal use.

Ocelot, margay, and oncilla seem to be generalists (similarly
to Migliorini et al., 2018; Silva-Pereira et al., 2011; Wang, 2002),
whereas jaguarundi has been previously reported as generalist in
an Atlantic Forest mosaic (Tofoli et al., 2009) and specialist in the
Brazilian pampa (Migliorini et al., 2018). Although these small felids
have discrete differences in body sizes and may occasionally show
high dietary overlap (Silva-Pereira et al., 2011; Wang, 2002), our
results suggest that they share only a moderate portion of their
food sources in our study area (similarly to Kasper et al., 2016;
Rocha-Mendes et al., 2010), and that they would feed on prey of
different sizes. This is especially more suggestive when we com-
pare the ocelot’s diet with those of the other species. This is possibly
because ocelot has craniodental adaptations to feed on small as well
as larger prey (Meachen-Samuels and Van Valkenburgh, 2009) and
has a larger body size, which make it a mixed-sized prey feeder
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Table 1

Diet of four sympatric Neotropical small felids in a large remnant of Atlantic Forest in Brazil. N=number of scat samples; n=number of occurrence; PO = percentage of

occurrence; FO = frequency of occurrence.

Oncilla (N=31) Margay (N=27) Jaguarundi (N=5) Ocelot (N=8) Prey weight (g)
Item n PO FO n PO FO n PO FO n PO FO
Small mammals
Rodentia
Sigmodontinae 1 2.5 3.2 - - - - - - - - - -
Oligoryzomys cf. nigripes 4 10.0 12.9 1 2.4 3.7 - - - 1 5.6 125 17.52
Brucepattersonius 1 2.5 3.2 2 4.8 7.4 - - - - - - 3242
Blarinomys cf. breviceps 1 2.5 3.2 - - - - - - - - - 23.0°
Akodon 2 5.0 6.5 6 14.3 222 - - - 1 5.6 12.5 29.82
Thaptomys cf. nigrita 1 2.5 3.2 1 24 3.7 - - - 4 222 50.0 20.52
Delomys cf. sublineatus - - - - - - - - - 1 5.6 125 41.82
Murinae - - - - - - - - - - - - -
Rattus rattus - - - 1 2.4 3.7 - - - - - - 200.0°
Unidentified small rodent 5 125 16.1 - - - - - - - - -
Didelphimorphia
Gracilinanus microtarsus 1 2.5 3.2 2 4.8 7.4 - - - - - - 29.5°
Monodelphis scalops 1 2.5 3.2 2 4.8 7.4 - - - - - - 31.12
Medium mammals
Rodentia
Coendou spinosus - - - - - - - - - 1 5.6 125 1700.0¢
Lagomorpha
Sylvilagus brasiliensis - - - - - - - - - 1 5.6 12.5 934.0°
Reptiles
Lacertilia
Gymnophthalmidae 1 2.5 3.2 - - - - - - 2 111 25 -
Heterodactylus cf. imbricatus 2 5.0 6.5 - - - - - - - - - -
Serpentes
Crotalinae 2 5.0 6.5 - - - - - - - - - -
Bothrops cf. jararaca 5 12.5 16.1 - - - - - - - - - -
Dipsadidae - - - - - - - - - - - - -
Xenodon cf. neuwiedii - - - 1 2.4 3.7 - - - - - - -
Unidentified reptile - - - 1 24 3.7 - - - 1 5.6 12.5 -
Birds
Morphotype 1 3 7.5 9.7 5 11.9 18.5 - - - 5.6 12.5 -
Morphotype 2 0 - - - - - 1 333 20.0 - - - -
Unidentified bird 4 10.0 12.9 11 26.2 40.7 1 333 20.0 - - - -
Invertebrates 3 - 9.7 4 - 14.8 - - - 6 - 75.0 -
Plants 25 - 80.6 23 - 85.2 4 - 80.0 4 - 50.0 -
Unidentified 6 15.0 19.4 9 214 333 1 333 20.0 5 27.8 62.5 -
Total items™ 40 100 42 100 3 100 18 100
Minimum number of taxa* 17 13 2 11

*Without plant parts and invertebrates. Prey weight obtained from: ?Rossi, 2011; PEisenberg and Redford, 1989; ¢Passamani, 2010.

(Bianchi et al., 2010; Silva-Pereira et al., 2011; Wang, 2002). It
has been suggested, however, that interactions between ocelot and
larger felids limit the niche of ocelot as it shifts its diet to smaller
prey in the presence of pumas (Puma concolor) and jaguars (Pan-
thera onca) (Moreno et al., 2006). Consequently, the presence of
larger felids may also play a role in the degree of dietary over-
lap between small felids, and future studies should investigate this
aspect.

Habitat partitioning has often been suggested as the main
mechanism allowing the coexistence of Neotropical large felids
(Foster et al., 2013; Harmsen et al., 2011; Scognamillo et al., 2003).
Neotropical small felids, however, seem to co-occur independently
and do not seem to have habitat segregation, at least in protected
Atlantic Forest remnants (Massara et al., 2016; Nagy-Reis et al.,
2017). We cannot discard, however, the possibility of vertical habi-
tat segregation (e.g., in forest strata) between margay and the other
felids, since it has morphological adaptation to climbing and can use
more the canopy than the other species (Leyhausen, 1963). Here,
we found some evidence that the four Neotropical small felids may
segregate in time: the two smaller cats (margay and oncilla) seem
to be cathemeral, while jaguarundi seems to be diurnal, and ocelot
nocturnal. Similar results were found for oncilla and ocelot in other
protected areas of Atlantic Forest (Massara et al., 2016), but not
for northern oncilla (Leopardus tigrinus) and ocelot (L. pardalis) in
the semiarid Caatinga, where the harsh environment may apply

constraints to their activity patterns and northern oncilla is more
nocturnal (Penido et al.,, 2017). Previous studies have suggested
that oncilla, the smallest of our study species, changes its behav-
ior in response to the presence and/or detection of margay and
ocelot (Nagy-Reis et al., 2017), and may present activity flexibility
to avoid direct conflict with ocelot, being cathemeral when they co-
occur and nocturnal otherwise (Massara et al., 2016; Oliveira et al.,
2011; Oliveira-Santos et al., 2012). These previous findings, along
with our results, highlight the importance of behavioral mecha-
nisms in mediating the coexistence of Neotropical small felids. In
addition, because we do not have data on the population abundance
of these cats and the previous studies on their habitat segregation
did not investigate potential effects of density (Massara et al., 2016;
Nagy-Reis et al., 2017), it is still unclear if one species affects the
abundance of the other rather than its habitat and/or time uses. This
alternative effect is supported by the finding that oncilla abundance
is higher in the absence of other felids (Oliveira-Santos et al., 2012).

We also found some evidence that the activity of the four
Neotropical small felids overlaps with those of their main prey, at
least to some extent, even though none of these felids seems to be
a specialist and despite the fact that we have grouped prey by their
type. Hunting when prey is active tends to facilitate detection and
optimize the outcomes as felids rely on auditory and visual cues to
successfully hunt (Kitchener et al., 2011). Predator-prey time use
synchronism has been previously found in a few other carnivores,
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Fig. 2. Time use and temporal overlap (A; £SE, in parenthesis) of four sympatric Neotropical small felids in a large Atlantic Forest remnant in Brazil. Lines are kernel-density
estimates of activity patterns based on the time of each photo (indicated by short vertical lines above the x-axis). Shaded area represents the temporal overlap between pair

of species.

especially in felids (ocelot, Porfirio et al., 2016; northern oncilla,
Marinho et al., 2018; Sumatran tiger (Panthera tigris sumatrae),
Linkie and Ridout, 2011; guina (Leopardus guigna),Delibes-Mateo
et al., 2014; hawks (Accipiter spp.),Roth and Lima, 2007; puma and
jaguar, Weckel et al., 2006; Harmsen et al., 2011; Foster et al.,2013).
Although predator-prey time use synchronism is mostly reported at
species level, for more generalist predators such as the four small
felids analyzed here, the synchronism may also occur at a more
general level (i.e., with the overall activity of main prey type, not
species; e.g., Marinho et al., 2018). Ocelot, the largest and possibly
the dominant felid of the assemblage we studied, appeared to have
the highest temporal overlap with prey, except with birds, which
are not considered a main food source for ocelots (present study;
Meza et al., 2002). Oncilla and margay had the second highest over-
lap with their prey activity, and oncilla-prey overlap (0.75) was

identical to what has been previously found for northern oncilla
(Leopardus tigrinus; Marinho et al., 2018).

Possibly because of the difficulty in obtaining data for these
cryptic and elusive species, basic information on their biology and
ecology are still scarce (Macdonald et al.,2011; Nowell and Jackson,
1996). Although we had a small sample size, it is interesting to
notice that the few previous studies with Neotropical small felids
revealed similar general diets (Bianchi et al., 2010, 2011; Migliorini
et al., 2018; Silva-Pereira et al., 2011; Téfoli et al., 2009; Wang,
2002) and activity patterns (Di Bitetti et al., 2010; Maffei et al.,
2007; Massara et al., 2016; Oliveira et al., 2011; Oliveira-Santos
et al,, 2012; Porfirio et al., 2016), and many of our results were
congruent with findings from other ecoregions of the Neotropics
(Kasper et al., 2016; Migliorini et al., 2018; Rocha-Mendes et al.,
2010; Silva-Pereira et al.,, 2011; Wang, 2002). However, the results
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presented here should be taken carefully and more studies should
investigate the patterns suggested by our data. In conclusion, we
suggest that small differences in diet associated to time partitioning
contribute to the coexistence of Neotropical small felids, and that
prey activity is a factor potentially shaping their activity pattern,
especially for ocelot.
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