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ABSTRACT. Jaguars, Panthera onca (Linnaeus, 1758), and pumas, Puma concolor (Linnaeus, 1771) are the largest felids in 

the neotropics. Both can overlap in niche axes (time, space and prey), and are therefore potentially competing species. 

Segregation mechanisms presented by a low overlap in one of these axes of niche can facilitate the coexistence. Our aim 

was to analyze jaguar and puma temporal and spatial overlap for understanding their segregation mechanisms. Between 

2015 and 2017, twenty-six camera trap stations were located in five habitat types of El Cielo Biosphere Reserve (ECBR) in 

northeastern Mexico. Temporal activity was analyzed using circular statistics and time overlap analysis. Spatial overlap was 

calculated with the Pianka index and a selectivity habitat analysis. Our results showed that jaguars and pumas were nocturnal 

and that the temporal overlap was high (∆4 = 0.77). We found an intermediate spatial overlap (Pianka index = 0.61). Jaguars 

were more selective and preferred the deciduous forest. In comparison, pumas preferred oak-pine forest, but also used oak 

and deciduous forest. Our results indicate that spatial segregation best explains the coexistence of jaguars and pumas in our 

study area, probably due to both habitat diversity in the reserve and the generalist habits of the puma. 

KEYWORDS. Camera trap, coexistence, El Cielo Biosphere Reserve, northeastern Mexico, Panthera onca, Puma concolor.

INTRODUCTION

Activity patterns and habitat use are important compo-
nents that describe the ecology and behavior of species and 
may facilitate coexistence between species or individuals that 
experience intra-guild competition (Gause 1932, Hardin 1960, 
Fedriani et al. 1999, Karanth and Sunquist 2000, Harmsen et 
al. 2009). Top predators that have similar morphology, food 
habits, distribution, and life history can develop mechanisms 
of segregation in their use of the three main ecological niche 
axes (temporal, spatial, and trophic) to ensure their coexistence 
(Schoener 1974, Pianka 1978, Di Bitetti et al. 2010, Morato et al. 
2016, Rayan and Linkie 2016). In a community where species 
make discriminate use of resources (time, space, and food) while 

avoiding overlap, each species could have exclusive access to 
time, space, or food, thereby reducing the risk of direct encoun-
ters and competition (Carothers and Jaksić 1984, Castro-Arellano 
et al. 2010, Romero-Muñoz et al. 2010, Gómez-Ortiz et al. 2015). 
As such, species with intra-guild competition potential provide a 
useful focal group to understand the mechanisms of segregation 
that allow their coexistence (Hearn et al. 2018). 

Jaguars, Panthera onca (Linnaeus, 1758), and pumas, Puma 
concolor (Linnaeus, 1771), constitute a large mammalian predator 
guild that can affect the structure and pattern of associated eco-
logical communities (Miller et al. 2001, Sunquist and Sunquist 
2002). They also are the largest felids in the Neotropics and are 
sympatric top predators across the entire jaguar range in Central 
and South America (Iriarte et al. 1990, Sunquist and Sunquist 
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2002, Haines 2006). Jaguars are considered an endangered 
species in Mexico (SEMARNAT 2010). Both species can overlap 
in temporal activity, habitat use, and prey species consumed 
(Núñez et al. 2000, Scognamillo et al. 2003, Romero-Muñoz et al. 
2010). Thus, they potentially can compete with each other and 
represent suitable subjects for the study on segregation strategies.

Some authors suggest that competition between jaguars 
and pumas is low due to differences in diet (Aranda and Sán-
chez-Cordero 1996, Núñez et al. 2000, Novack et al. 2005, Cas-
celli de Azevedo and Murray 2007, Flores-Turdera et al. 2021), 
temporal (Harmsen et al. 2009, Romero-Muñoz et al. 2010), and 
spatial segregation (Scognamillo et al. 2003). 

Generally, jaguars consume larger prey than pumas, and 
pumas have a more diverse diet (Iriarte et al. 1990, Polisar et al. 
2003, Scognamillo et al. 2003, Flores-Turdera et al. 2021) and can 
easily switch to other prey when their primary prey population 
density falls (Soria-Díaz et al. 2018). Studies on the temporal 
activity of jaguars show they are nocturnal in some places of 
their distribution (Rabinowitz and Nothingham 1986, Emmons 
1987, Núñez et al. 2002, Maffei et al. 2004, Di Bitteti et al. 2010). 
Pumas tend to be active in crepuscular (dawn and dusk) and 
daylight hours (Di Bitteti et al. 2010, Hernández-SaintMartín et 
al. 2013, Ávila-Nájera et al. 2016, De la Torre et al. 2017). Jaguars 
are considered habitat specialists; they prefer dense vegetation 
and sites close to water (Sollmann et al. 2012). In contrast, pu-
mas are considered habitat generalists and are less dependent 
on water sources (Logan and Sweanor 2001, Romero-Muñoz et 
al. 2010, Sollmann et al. 2012, Monroy-Vilchis and Soria-Díaz 
2013, Gutiérrez-González and López-González 2017). 

Other studies of overlapping temporal activity in popu-
lations of sympatric jaguars and pumas, noting that both 
felids can change their behavioral patterns when exposed to 
anthropogenic pressures such as agricultural burning, poaching, 
and logging (Scognamillo et al. 2003, Ávila-Nájera et al. 2016, 
Briones-Salas et al. 2016). Habitat use can also vary according 
to the level of human disturbance, mainly by the individual’s 
selection of less-disturbed areas (Foster et al. 2010, 2013, Hernán-
dez-SaintMartín et al. 2013). Areas that are protected from 
logging, poaching, and other human-caused disturbance, and 
have high habitat heterogeneity allow for temporal and spatial 
niche segregation, which promotes coexistence (Scognamillo 
et al. 2003). 

The Sierra Madre Oriental of northeastern Mexico repre-
sents one limit of the geographical distribution where jaguar 
and puma populations occur simultaneously (Vargas-Contreras 
and Hernández-Huerta 2001, Sunquist and Sunquist 2002). El 
Cielo Biosphere Reserve (ECBR) is located in the Sierra Madre 
Oriental and presents a well preserved high-diversity area due 
to low human impact, Nearctic and Neotropic convergence, ex-
treme topographical conditions, and a large number of different 
habitat types (Steinberg et al. 2014). A previous study in ECBR 
described the temporal and spatial interactions of sympatric 
mesocarnivores (Leopardus pardalis, L. wiedii, and Puma yagoua-

roundi) and described their mechanisms of coexistence in time 
and space (Carrera-Treviño et al. 2018). These mechanisms are 
unknown for jaguars and pumas.

Given the variety of habitat types and the status of con-
servation of the ECBR, we hypothesized temporal and spatial 
segregation would be important mechanisms mediating the 
coexistence between jaguars and pumas. Our aim was to analyze 
temporal and spatial overlap between jaguars and pumas in 
the ECBR to help understand the segregation mechanisms that 
ensure their coexistence.

MATERIAL AND METHODS

Study site

We conducted our study in ECBR, which is in northeastern 
Mexico and is part of the state of Tamaulipas (Fig. 1). The ECBR 
has an area of 1, 445 km2 and elevation ranges from 100 to 2, 
300 m of altitude (Steinberg et al. 2014). Mean annual precipi-
tation is 1000–2000 mm and mean annual temperatures are 
between 14 and 25.2 °C (INEGI 2013). The rainy season is from 
April to October and the dry season from November to March. 
The reserve is a site of Nearctic and Neotropical biogeographic 
zones of transition with high species richness (both faunal and 
floral) in a small geographic area (Steinberg et al. 2014). Habitat 
includes deciduous forest (DF), semi-deciduous forest (SDF), oak 
forest (OF), oak pine forest (OPF), mountain cloud forest (MCF), 
submontane scrub (SS), and others (Fig. 1, González-Medrano 
2005, INEGI 2013, Steinberg et al. 2014). The reserve hosts an 
important mammalian biodiversity, including six felids’ species: 
Panthera onca, Puma concolor, Leopardus pardalis (Linnaeus, 1758), 
Leopardus wiedii (Schinz, 1821), Puma yagouaroundi (É. Geoffroy 
Saint-Hilaire, 1803), and Lynx rufus (Schreber, 1777); and the 
black bear, Ursus americanus (Pallas, 1780) (Vargas-Contreras 
and Hernández-Huerta 2001).

Sampling design

We established 26 study camera trap stations in five 
habitat types from January 2015 to December 2017. The mean 
distance between stations was approximately 6 ± 3 km. The 
number of stations in each habitat were chosen in proportion to 
the area of habitat it represented in the reserve: OF (414.6 km2, 
n = 9 stations), DF (329.7 km2, n = 8 stations), MCF (191.5 km2, 
n = 5 stations), OPF (80.3 km2, n = 2 stations), and SDF (69.6 km2, 
n = 2 stations) (Fig. 1). These five habitat types cover 1,085.7 km2, 
which represents 75% of the ECBR.

We installed two camera traps (Scoutguard HCO SG565) 
at each of the 26 sampling stations along unpaved roads and 
man-made trails to maximize the detection probability of ja guars 
and pumas (Goulart et al. 2009, Srbek-Araujo and Chiarello 
2013). Camera traps were attached to tree trunks at 30–50 cm 
above ground, were active 24 hours and programmed to take 
one picture every 60 seconds. Date and time were also recorded 
in each photograph. We checked cameras monthly to make 
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sure they were working appropriately, replace batteries, and 
downloaded images from memory cards. No bait or lures were 
used during the study. 

Photographs were classified as independent events to 
avoid autocorrelation. We define these independent events as: 
a) consecutive photographs of different individuals of the same 
species; b) consecutive photographs of individuals of different 
species; c) each individual in a group photograph; d) one hour 
between photographs only when it was not possible to identify 
individuals (O’Brien et al. 2003, Linkie and Ridout 2011).

Temporal activity

We grouped independent photographic events into 24 
one-hour categories starting at 00:00 h. Daily activity patterns 
for each species were further broken down into day, night, and 
crepuscular (dawn and dusk). We determined the exact time of 
dawn and dusk by using Sun Times software v. 7.1 (Kay and Du 
Croz 2008, Carbajal-Borges et al. 2014), which considers the 
latitude and time zone of the ECBR. In this way, we calculated 
the range based on the monthly mean and considered one hour 
before and one hour after the corresponding dawn/dusk time 
(e.g. with a monthly mean of 07:45 h; range = 06:45–08:45 h for 

dawn, and with a mean of 19:44 h; our range = 18:44–20:44 h 
for dusk). 

Temporal activity patterns for each species were analyzed us-
ing circular statistics implemented with the Oriana v. 4.02 software 
(Kovach Computing Services, UK). Rayleigh’s Uniformity Test (Zar 
2010, Sánchez et al. 2009) was used to verify whether the inde-
pendent events of each species were non-randomly or uniformly 
distributed. Non-random timing of events could signal that the 
animals were nocturnal, diurnal or crepuscular. If independent 
events were uniformly distributed throughout the day, the species 
were classified as cathemeral (Zar 2010, Oliveira-Santos et al. 2012).

We also compared the activity pattern of the jaguar and 
puma between years (2015, 2016, and 2017) and seasons (dry and 
wet) using parametric or nonparametric circular tests depending 
on whether or not the data showed a von Mises distribution. 
This distribution can be regarded as the circular analogue of the 
normal distribution on the line (Forbes et al. 2010). 

We calculated the temporal coefficient of overlap (∆) and its 
95% confidence interval from 10,000 bootstrap samples between 
jaguar and puma activity patterns (Ridout and Linkie 2009). The 
coefficient of overlap is defined as the area under the curve which is 
formed by taking the minimum of two kernel density indices (one 

Figure 1. Geographical location of the El Cielo Biosphere Reserve in northeastern Mexico, with habitats and camera trap station locations.
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for jaguars, one for pumas) at each time point (Linkie and Ridout 
2011). The kernel density index is used to estimate time use for 
each species by treating them as random samples from an under-
lying continuous distribution, instead of grouping photographic 
events into discrete time categories. Overlap values ranged from 0 
(no overlap) to 1 (complete overlap). Low overlap was defined as 
∆ < 0.50, moderate overlap was 0.50 < ∆ < 0.70, and high overlap 
was ∆ > 0.70. Boundary values are intermediate to those of Massara 
et al. (2018) and are within estimated ranges from Monterroso et 
al. (2014). Time overlap analysis was conducted in R v. 0.3.3 using 
the overlap package (R Development Core Team; Meredith and 
Ridout 2020). Because we always had greater than 75 samples, we 
used the Dhat4 (∆4) estimator (Ridout and Linkie 2009).

Habitat use

We grouped independent events of jaguars and pumas into 
the five habitat types (DF, SDF, OF, OPF, MCF), and spatial overlap 
was subsequently calculated with the Pianka index. This index 
ranges from 0 (no overlap) to 1 (complete overlap) and was per-
formed in EcoSim 7.0 software (http://www.garyentsminger.com/
ecosim) (Entsminger 2014). We compared our observed overlap in 
the habitat between jaguars and pumas with null models of habitat 
overlap generated by EcoSim. Null models used 10,000 randomly 
generated interactions with a level of significance of 0.05. The 
RA3 algorithm was used because it preserves the specialization 
of each species but allows for the potential use of other resources 
(Winemiller and Pianka 1990, Gómez-Ortiz et al. 2019). 

We also performed a selectivity habitat analysis to deter-
mine if the jaguars and pumas used or avoid some habitat types 
of the ECBR according to availability. We used satellite imagery 

(Google Earth) and ArcGIS 10.2 to digitize the five habitat types 
of the reserve and calculated the percentage of available area 
for each habitat (DF [30.37%], SDF [6.41%], OF [38.19%], OPF 
[7.40%], MCF [17.64%]). We used the index of selectivity (Ei) 
according to Krebs (1999): Ei = (ri – ni)/(ri + ni), where ri is the 
percentage of jaguar or puma in each habitat type i; ni is the 
percentage of habitat type i available in ECBR. This index produ-
ces values from –1 (habitat avoidance) to +1 (habitat selection); 
values close to zero indicate habitat is being used according to 
its availability in the environment. The index data were resam-
pled using bootstrap (10,000 replicates with replacement), 95% 
confidence intervals (CI) were estimated with R v. 3.1.3 (Glen 
et al. 2012), and means reported with ± 1 SD.

Further, to know on a fine scale if both felids share the 
same space, we determined the percentage of camera trap sta-
tions where jaguars and pumas were photographed at the same 
site, but at different times.

RESULTS

From January 2015 to December 2017, we had 28,220 
camera trap days of survey effort and 1,063 photographs of 
jaguars and pumas, 553 of which were identified as independent 
events (371 jaguars; 182 pumas). 

Temporal activity

The activity pattern of jaguars was mainly nocturnal; 
80% of independent events at night and activity peaks at 21:00, 
22:00, and 02:00 h (Fig. 2). The activity pattern of pumas was 
also nocturnal; 60% of independent events occurring at night 

Figure 2. Circular histograms of activity patterns for jaguar (Panthera onca) and puma (Puma concolor) in El Cielo Biosphere Reserve, Tam-
aulipas, Mexico. Each bar is a discrete 1-hour time interval and is centered on the hour. The dependent variable (inner circles) is number 
of times jaguars or pumas appeared in photographs at each time interval.
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activity peaks at 20:00, 22:00, and 04:00 h (Fig. 2). However, the 
rest of the independent events for pumas (40%) were distributed 
at different times during the day and we even observed puma 
activity peaks at 17:00, 06:00 and 07:00 h (Fig. 2). Rayleigh’s Uni-
formity Test (Z) did not show a uniform distribution throughout 
the day in jaguars (Z = 196.62, p < 0.01) or pumas (Z = 18.01, 
p < 0.05), so neither species was classified as cathemeral (Zar 
2010, Oliveira-Santos et al. 2012). In both species, the data 
showed a greater tendency toward nighttime activity (Fig. 2). 

Jaguar and puma activity patterns did not show a Von 
Mises distribution (U2) in some years (jaguar: 2015 U2 = 0.23, p 
< 0.05; 2016 U2 = 0.04, p > 0.05; 2017 U2 = 0.32, p < 0.05; and 
puma: 2015 U2 = 0.05, p > 0.05; 2016 U2 = 0.02, p > 0.05; 2017 
U2 = 0.03, p < 0.05). Based on these results we use a Mardia-Wat-
son-Wheeler (W) nonparametric multisample test to compare 
jaguar and puma activity patterns among sampling years, and 
no significant differences were found (jaguar: W = 1.63, p > 0.05; 
and puma: W = 5.1, p > 0.05). 

We also compared the activity pattern of the jaguar 
between seasons (dry and wet) using the Watson-Williams (F) 
parametric test (two samples) and the Von Mises distribution 
(wet season: U2 = 0.41, p > 0.05; dry U2 = 0.14, p > 0.05). For 
pumas we use Mardian-Watson-Wheeler (W) nonparametric test 
(two samples), because the season did not show a Von Mises 
distribution (wet: U2 = 0.04, p < 0.05; dry: U2 = 0.03, p < 0.05). 
However, there were also no significant differences in activity 
between wet and dry seasons (jaguar: F = 0.16, p > 0.05; and 
puma W = 0.89, p > 0.05), so we did not consider those variables 
in the time overlap analysis.

Time overlap analysis showed a high coefficient of overlap 
between jaguars and pumas (∆4 = 0.77) with confidence intervals 
of 0.71–0.84 (Fig. 3). 

Habitat use

The habitat use analysis showed that jaguars mostly used 
DF with 90% of independent records found in this habitat types, 
while pumas mostly used three different types of habitats in 
ECBR: OF (35%), DF (31%), and OPF (24%). The Pianka index 
indicated an intermediate spatial overlap (0.61) between jaguars 
and pumas. Therefore, pumas show behaviors of a generalist 
species by using a greater number of habitat types, which is 
a potential strategy to avoid encounters with jaguars, and for 
both to coexist in the same landscape with similar habitats. We 
also recorded a low percentage (22.5%) of co-occurrence (sites 
where we photographed jaguars and pumas in the same space 
but at different times).

Habitat selectivity analysis (Ei) showed segregation in 
relation to habitat use. The jaguar selects the DF (Ei = 0.48), uses 
the SDF in proportion to availability (Ei = −0.08), and avoids 
using the MCF (Ei = −1), OF (Ei = −0.84), and OPF (Ei = −0.39). 
In comparison, puma prefers the OPF (Ei = 0.41), uses the OF 
(Ei = −0.04), DF (Ei = 0.09) and SDF (Ei = −0.18) in proportion to 
availability, and avoids using the MCF (Ei = −0.51). Based on the 
results of this analysis we believe that jaguars are more selective 
than pumas (Fig. 4) in their use of habitat and it is probably 
the main segregation mechanism that allows these felids to 
coexist in ECBR. 

DISCUSSION

Jaguars and pumas are sympatric top predators across the 
entire jaguar range, share a remarkably similar morphology, and 
are obligate carnivores (Iriarte et al. 1990, Sunquist and Sun-
quist 2002, Haines 2006). Both specialize in mammalian prey 
and therefore experience significant intra guild competition. 

Figure 3. Time overlap analysis of activity patterns between jaguar (Panthera onca) and puma (Puma concolor) in El Cielo Biosphere Reserve. 
Time overlap is shown by the shaded area. The solid line represents the activity pattern of jaguars and dashed line shows the activity 
pattern of pumas (∆4 = 0.77 is the result of the overlapping coefficient between jaguar and puma activity).
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Three axes of ecological niche (use of time, space, and food) 
are commonly used to decipher the intensity of interspecific 
and intraspecific interaction between species (Schoener 1974, 
Pianka 1978, Di Bitetti et al. 2010, Morato et al. 2016, Rayan and 
Linkie 2016). The theory predicts that high temporal overlap in 
these axes promote a high rate of competition between species. 
Low temporal overlap in one or more of the axes may signal a 
lower rate of competition, and thus species are more likely to 
coexist without significant negative effects on each other that 
could lead to the complete exclusion (Gause 1932, Hardin 1960). 

Our results showed a high temporal overlap between 
jaguars and pumas in the ECBR (∆4 = 0.77). These observations 
concur with results of studies conducted in the Venezuelan lla-
nos (Scognamillo et al. 2003), Belizean rainforest (Harmsen et 
al. 2009), Quintana Roo, Mexico (Ávila-Nájera et al. 2016), San 
Luis Potosi, Mexico (Hernández-SaintMartín et al. 2013), and 
four Brazilian biomes (Foster et al. 2013). In the ECBR we think 
that pumas use two strategies of temporal activity, considering 
the argument that jaguars dominate pumas (Elbroch and Ku-
sler 2018). 1) Pumas are active during daylight and crepuscular 

periods but increase their activity at night. 2) At night, when 
activity of both felids increases, some temporal segregation seems 
to be present. Jaguars are most active from 21:00 to 22:00 h, 
and 02:00 h, while puma activity peaks are in 20:00, 22:00 and 
04:00 h (Fig. 2). However, based on these results (high temporal 
overlap), we believe that the temporal mechanism may only be a 
secondary strategy in the jaguar and puma interaction in ECBR. 
Some authors suggest that pumas adjust their activity pattern 
to local conditions on a finer scale as a strategy to avoid direct 
encounters and coexist with jaguars (Scognamillo et al. 2003, 
Moreno et al. 2006, Harmsen et al. 2009, Paviolo et al. 2009, Di 
Bitetti et al. 2010, Hernández-SaintMartín et al. 2013).

Jaguars were nocturnal in the ECBR (80% of the inde-
pendent photographs) and did not show uniformity in their 
daily activity and were not considered cathemeral. The jaguar 
activity in this study is similar to that described in other studies 
(Rabinowitz and Nottingham 1986, Núñez et al. 2002, Maffei 
et al. 2004, Di Bitetti et al. 2010, Foster et al. 2013, Carrera-Tre-
viño et al. 2016, De la Torre et al. 2017) but differs from some 
that classify them as cathemeral (being active throughout day) 
(Emmons 1987, Gómez et al. 2005, Blake et al. 2012, Hernán-
dez-SaintMartín et al. 2013). 

Pumas showed a greater tendency to be nocturnal but 
showed activity at different times throughout the day; how-
ever, were not considered cathemeral. Other authors mention 
that puma activity during the day is common and may be due 
to low human activity and the availability of prey during the 
day (Núñez et al. 2002, Scognamillo et al. 2003, Paviolo et al. 
2009, Di Bitetti et al. 2010, Hernández-SaintMartín et al. 2013, 
Ávila-Nájera et al. 2016, De la Torre et al. 2017). It’s possible 
that the activity shown by pumas during the day in the ECBR is 
due to the presence of the jaguar and minimal human activity. 
Carrera-Treviño et al. (2016) reported no sightings of pumas 
during daylight hours on the periphery of the ECBR probably 
because their study was carried out in disturbed areas and those 
with human settlements. 

The reasons for nocturnal activity of jaguars and pumas 
are variable, but some authors hypothesize that hunting at 
night is advantageous because the two felids can get closer to 
their prey without being detected (Sunquist and Sunquist 2002, 
Estrada-Hernández 2008), prey are more detectable or vulnera-
ble at night (Emmons 1987, Sunquist and Sunquist 2002), and 
cool nights allow felids to spend less energy hunting or when 
moving from one place to another (Sunquist and Sunquist 2002, 
Estrada-Hernández 2008, Foster et al. 2013).

Understanding how large felids use habitat is essential to 
allow us to identify whether habitat use is a strategy for coexis-
tence in species that are potential competitors (Cristescu et al. 
2013). Our results of spatial overlap showed an intermediate 
overlap between jaguars and pumas (Pianka index = 0.61). 
Habitat use analysis showed that the jaguar prefers DF, uses SDF 
in proportion to availability and avoids the MCF, OF and OPF. 
In comparison pumas prefer OPF, also had records in OF, DF 

Figure 4. Habitat selection by jaguars and pumas based on the Index 
of selectivity (Ei) in El Cielo Biosphere Reserve, Tamaulipas, Mexico. 
(DF) Deciduous forest, (SDF) semi-deciduous forest, (OF) oak forest, 
(OPF) oak-pine forest, (MCF) mountain cloud forest.
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and SDF, and used these types of vegetation according to their 
availability and avoids the MCF (Fig. 4). Thus, it is possible that 
jaguars are more selective in their use of habitat than pumas in 
the ECBR. Other researchers argue as well that the pumas are 
generalists and can be found in a wider range of habitats than 
the jaguar across their distribution (Iriarte et al. 1990, Sunquist 
and Sunquist 2002). Pumas can even live in proximity to hu-
mans (Dickson and Beier 2007, De Angelo et al. 2011, Sollmann 
et al. 2012), but they sometimes also avoid areas disturbed by 
human activity (Paviolo et al. 2009, Di Bitetti et al. 2010, Foster 
et al. 2010, De Angelo et al. 2011). Finally, the low percentage 
of co-occurrence (22.5%) in sites where jaguars and pumas 
were photographed using the same space at different times may 
indicate they actively try to avoid each other. Scognamillo et 
al. (2003) suggest that differences in use of habitat patches by 
jaguars and pumas in the Venezuelan llanos was an important 
component of their ecological separation. 

Based on our results of spatial overlap (Pianka index 
= 0.61), habitat use, and low percentage of co-occurrence in 
shared sites, we believe this is the mechanism that best explains 
the coexistence of jaguars and pumas in ECBR. Of course, this 
statement should be taken with caution until the diet of these 
two felids can be analyzed in a future study. Jaguars showed a 
strong preference for DF, used three other habitats sparingly, 
and were absent from the MCF. Pumas preferred OPF but used 
the four other types of habitats (albeit some sparingly). Because 
of the ECBR’s variety of habitat types, high heterogeneity, and 
low disturbance by humans (Steinberg et al. 2014), jaguars and 
pumas are able to avoid each other and coexist. Other authors 
have suggested that in heterogeneous landscapes two sympatric 
carnivores can use different habitat types to coexist and it is 
known that pumas use a wider range of habitat than jaguars 
(Emmons 1987, Aranda and Sánchez-Cordero 1996, Johnson et 
al. 1996, Scognamillo et al. 2003, Sollmann et al. 2012). 

Additionally, Elbroch and Kusler (2018) analyzed whether 
pumas are dominant, subordinate, or equal to other apex preda-
tors, and conclude that jaguars are the dominant species over 
pumas (60%). Generally, pumas tend to change their activity 
pattern, habitat, and diet to avoid competing with the jaguar. 
However, other studies have identify situations where jaguar 
is not a dominant over the puma, although these studies were 
completed in areas where the pumas are more abundant than 
jaguars and the environment is more favorable to pumas (arid 
environment) (Romero-Muñoz et al. 2010, Ávila-Nájera et al. 
2016, Gutiérrez-González and López-González 2017). In this 
regard, our results point to that, in ECBR, these felids avoided 
each other, and the puma is probably subordinate and less 
abundant, because: 1) The ECBR is located in a humid tropical 
environment (Steinberg et al. 2014), which is favorable for the 
jaguar; 2) Jaguars had more independent photographs (371) than 
pumas (182), which may be an indicator of greater abundance; 3) 
Pumas were active in daylight and during crepuscular hours, as 
well as using some night time hours, while jaguars were almost 

exclusively nocturnal; 4) Pumas used four habitat types; 5) We 
recorded a low percentage of co-occurrence (22.5%) in sites 
where pumas and jaguars shared the same space.

Our results yielded interesting conclusions of temporal 
and spatial interactions between jaguars and pumas and im-
proves our knowledge about the ecology of these Neotropical 
felids within a protected area (ECBR). We suggest that temporal 
segregation is not the main coexistence mechanism between 
these two felids because our temporal overlap results were high. 
Temporal segregation may only be a secondary strategy in the 
jaguar and puma interaction. Instead, we suggest that spatial 
segregation may be the mechanism that best explains the coexis-
tence of the jaguar and puma in the ECBR. We believe that the 
presence of different habitat types allows these felids to avoid 
each other and coexist. In addition, the puma’s generalist habits 
are an important factor to consider. In this study, pumas used 
a wider array of time and space. Finally, we recommend in a 
future study in ECBR, to determine the diet of the jaguar and 
puma (scats analysis) to include an analysis of trophic niche 
overlap between those two felids, and then, analyze the temporal 
overlap of the felids and their main prey. This last analysis is 
essential, because it would help to corroborate the coexistence 
of the jaguar and puma in the ECBR. 

ACKNOWLEDGEMENTS

We thank the Programa para la Conservación de Especies 
en Riesgo de la Comisión Nacional de Áreas Naturales Protegidas 
(CONANP); the owner of the lands, and volunteers of the wildlife 
laboratory of the Faculty of Veterinary Medicine and Zootechnics 
of the Autonomous University of Nuevo Leon, Mexico. We also 
thank the Autonomous University of Tamaulipas for funding 
the project UAT/PFI2015-15, and to the Program for Profes-
sional Development for Higher Education (PRODEP) through 
the project UAT-PTC-221/511-6/17-8212. We also thank to two 
anonymous reviewers for their comments and to R.J. Smith for 
copyediting English version.

LITERATURE CITED

Aranda M, Sánchez-Cordero V (1996) Prey Spectra of jaguar 
(Panthera onca) and puma (Puma concolor) in tropical forests 
of Mexico. Studies on Neotropical Fauna and Environment 
31: 65–67. https://doi.org/10.1076/snfe.31.2.65.13334

Ávila-Nájera DM, Chávez C, Lazcano-Barreto MA, Mendoza 
GD, Pérez-Elizalde S (2016) Overlap in activity patterns bet-
ween big cats and their main prey in northern Quintana 
Roo, Mexico. Therya 7: 439–448. https://doi.org/10.12933/
therya-16-379 ISSN 2007-3364

Blake JG, Mosquera D, Loiselle BA, Swing K, Guerra J, Romo 
D (2012) Temporal activity patterns of terrestrial mammals 
in lowland rainforest of eastern Ecuador. Ecotropica 18: 
137–146.

Temporal and spatial segregation of top predators

ZOOLOGIA 38: e63231 | https://doi.org/10.3897/zoologia.38.e63231 | June 25, 2021 7 / 10

https://doi.org/10.1076/snfe.31.2.65.13334
https://doi.org/10.12933/therya-16-379
https://doi.org/10.12933/therya-16-379


Briones-Salas MA, Lira-Torres I, Carrera-Treviño R, Sánchez-Ro-
jas G (2016) Abundancia relativa y patrones de actividad 
de los felinos silvestres en la selva de los Chimalapas, Oax-
aca, México. Therya 7: 123–134. https://doi.org/10.12933/
therya-16-320

Carbajal-Borges JP, Godínez-Gómez O, Mendoza E (2014) Den-
sity, abundance and activity patterns of the endangered Ta-
pirus bairdii in one of its last strongholds in southern Mex-
ico. Tropical Conservation Science 7: 100–114. https://doi.
org/10.1177/194008291400700102

Carothers JH, Jaksić FM (1984) Time as a Niche Difference: 
The Role of Interference Competition. Oikos 42: 403–406. 
https://doi.org/10.2307/3544413

Carrera-Treviño R, Astudillo-Sánchez CC, Garza-Torres HA, 
Martínez-García L, Soria-Díaz L (2018) Interacciones tempo-
rales y espaciales de mesocarnívoros simpátricos en una Res-
erva de la Biosfera: ¿coexistencia o competencia? Revista de 
Biología Tropical 66: 996–1008. https://doi.org/10.15517/
RBT.V66I3.30418 

Carrera-Treviño R, Lira-Torres I, Martínez-García L, López-Hernán-
dez M (2016) El jaguar Panthera onca (Carnivora: Felidae) en 
la Reserva de la Biosfera El Cielo, Tamaulipas, México. Revista 
de Biología Tropical 64: 1451–1468. https://doi.org/10.15517/
RBT.V64I4.21880

Cascelli de Azevedo FC, Murray DL (2007) Evaluation of poten-
tial factors predisposing livestock to predation by jaguars. 
Journal of Wildlife Management. 71: 2379–2386. https://
doi.org/10.2193/2006-520

Castro-Arellano I, Lacher TE, Willig MR, Rangel TF (2010) As-
sessment of assemblage-wide temporal niche segregation us-
ing null models. Methods in Ecology and Evolution 1: 311–
318. https://doi.org/10.1111/j.2041-210X.2010.00031.x

Cristescu B, Bernard RT, Krause J (2013) Partitioning of space, 
habitat, and timing of activity by large felids in an enclosed 
South African system. Journal of Ethology 31: 285–298. 
https://doi.org/10.1007/s10164-013-0376-y

De Angelo C, Paviolo A, Di Bitetti M (2011) Differential im-
pact of landscape transformation on pumas (Puma concolor) 
and jaguars (Panthera onca) in the Upper Paraná Atlantic 
Forest. Diversity and Distributions 17: 422–436. https://doi.
org/10.1111/j.1472-4642.2011.00746.x 

De la Torre JA, Núñez JM, Medellín RA (2017) Spatial require-
ments of jaguars and pumas in Southern Mexico. Mam-
malian Biology 84: 52–60. https://doi.org/10.1016/j.mam-
bio.2017.01.006

Di Bitetti MS, De Angelo CD, Di Blanco YE, Paviolo A (2010) 
Niche partitioning and species coexistence in a Neotropical 
felid assemblage. Acta Oecologica 36: 403–412. https://doi.
org/10.1016/j.actao.2010.04.001

Dickson BG, Beier P (2007) Quantifying the influence of topo-
graphic position on puma (Puma concolor) movement in 
southern California, USA. Journal of Zoology 271: 270–277. 
https://doi.org/10.1111/j.1469-7998.2006.00215.x

Elbroch LM, Kusler A (2018) Are pumas subordinate carnivores, 
and does it matter? PeerJ 6: e4293. https://doi.org/10.7717/
peerj.4293 

Emmons LH (1987) Comparative feeding ecology of felids in a 
Neotropical rainforest. Behavioral Ecology and Sociobiolo-
gy 20: 271–283. https://doi.org/10.1007/BF00292180 

Entsminger GL (2014) EcoSim Professional: Null modeling soft-
ware for ecologists. Acquired Intelligence Inc. Publishing, v. 
1, https://www.garyentsminger.com/ecosim/index.htm

Estrada-Hernández CG (2008) Dieta, uso de hábitat y pa-
trones de actividad del puma (Puma concolor) y el jaguar 
(Panthera onca) en la selva maya. Revista Mexicana de 
Mastozoología 12(1): 113–130. https://doi.org/10.22201/
ie.20074484e.2008.12.1.48

Fedriani JM, Palomares F, Delibes M (1999) Niche relations 
among three sympatric Mediterranean carnivores. Oecolo-
gia 121: 138–148. https://doi.org/10.1007/s004420050915

Flores-Turdera C, Ayala G, Viscarra M, Wallace R (2021) Com-
parison of big cat food habits in the Amazon piedmont 
forest in two Bolivian protected areas. Therya 12: 75–83. 
https://doi.org/10.12933/therya-21-1024

Forbes C, Evans M, Hastings N, Peacock B (2010) Von Mises 
distribution. In: Forbes C, Evans M, Hastings N, Peacock B 
(Eds) Statistical distributions. John Wiley and Sons, New Jer-
sey, 191–192.

Foster RJ, Harmsen BJ, Doncaster CP (2010) Habitat Use by 
sympatric jaguars and pumas across a gradient of human 
disturbance in Belize. Biotropica 42: 724–731. https://doi.
org/10.1111/j.1744-7429.2010.00641.x

Foster VC, Sarmento P, Sollmann R, Torres N, Jácomo ATA, Ne-
groes N, Fonseca C, Silveira L (2013) Jaguar and puma activ-
ity patterns and predator-prey interactions in four Brazilian 
Biomes. Biotropica 45: 373–379. https://doi.org/10.1111/
btp.12021

Gause GF (1932) Experimental studies on the struggle for exis-
tence. Journal of Experimental Biology 9: 389–402.

Glen AS, Byrom AE, Pech RP, Cruz J, Schwab A, Sweetapple PJ, 
Yockney I, Nugent G, Coleman M, Whitford J (2012) Ecol-
ogy of brushtail possums in a New Zealand dryland ecosys-
tem. New Zealand Journal of Ecology 36: 29–37.

Gómez H, Wallace RB, Ayala G, Tejada R (2005) Dry season 
activity periods of some Amazonian mammals. Studies on 
Neotropical Fauna and Environment 40: 91–95. https://doi.
org/10.1080/01650520500129638

Gómez-Ortiz Y, Monroy-Vilchis O, Castro-Arellano I (2019) 
Temporal coexistence in a carnivore assemblage from cen-
tral Mexico: temporal-domain dependence. Mammal Re-
search 64: 333–342. https://doi.org/10.1007/s13364-019-
00415-8

Gómez-Ortiz Y, Monroy-Vilchis O, Mendoza-Martínez GD 
(2015) Feeding interactions in an assemblage of terrestri-
al carnivores in central Mexico. Zoological Studies 54: 16. 
https//doi.org/10.1186/s40555-014-0102-7

C.A. Contreras-Díaz et al.

ZOOLOGIA 38: e63231 | https://doi.org/10.3897/zoologia.38.e63231 | June 25, 20218 / 10

https://doi.org/10.12933/therya-16-320
https://doi.org/10.12933/therya-16-320
https://doi.org/10.1177/194008291400700102
https://doi.org/10.1177/194008291400700102
https://doi.org/10.2307/3544413
https://doi.org/10.15517/RBT.V66I3.30418
https://doi.org/10.15517/RBT.V66I3.30418
https://doi.org/10.15517/RBT.V64I4.21880
https://doi.org/10.15517/RBT.V64I4.21880
https://doi.org/10.2193/2006-520
https://doi.org/10.2193/2006-520
https://doi.org/10.1111/j.2041-210X.2010.00031.x
https://doi.org/10.1007/s10164-013-0376-y
https://doi.org/10.1111/j.1472-4642.2011.00746.x
https://doi.org/10.1111/j.1472-4642.2011.00746.x
https://doi.org/10.1016/j.mambio.2017.01.006
https://doi.org/10.1016/j.mambio.2017.01.006
https://doi.org/10.1016/j.actao.2010.04.001
https://doi.org/10.1016/j.actao.2010.04.001
https://doi.org/10.1111/j.1469-7998.2006.00215.x
https://doi.org/10.7717/peerj.4293
https://doi.org/10.7717/peerj.4293
https://doi.org/10.1007/BF00292180
https://www.garyentsminger.com/ecosim/index.htm
https://doi.org/10.22201/ie.20074484e.2008.12.1.48
https://doi.org/10.22201/ie.20074484e.2008.12.1.48
https://doi.org/10.1007/s004420050915
https://doi.org/10.12933/therya-21-1024
https://doi.org/10.1111/j.1744-7429.2010.00641.x
https://doi.org/10.1111/j.1744-7429.2010.00641.x
https://doi.org/10.1111/btp.12021
https://doi.org/10.1111/btp.12021
https://doi.org/10.1080/01650520500129638
https://doi.org/10.1080/01650520500129638
https://doi.org/10.1007/s13364-019-00415-8
https://doi.org/10.1007/s13364-019-00415-8


González-Medrano F (2005) La Vegetación. In: Sánchez-Ramos 
G, Reyes-Castillo P, Dirzo R (Eds) Historia natural de la Res-
erva de la Biosfera El Cielo, Tamaulipas, México. Universi-
dad Autónoma de Tamaulipas, Mexico, 88–105.

Goulart FVB, Cáceres NC, Graipel ME, Tortato MA, Ghizoni IR, Ol-
iveira-Santos LGR (2009) Habitat selection by large mammals 
in a southern Brazilian Atlantic Forest. Mammalian Biology 
74: 182–190. https://doi.org/10.1016/j.mambio.2009.02.006 

Gutiérrez-González CE, López-González CA (2017) Jaguar inter-
actions with pumas and prey at the northern edge of jaguars’ 
range. PeerJ 5: e2886. https://doi.org/10.7717/peerj.2886

Haines AM (2006) Is there competition between sympatric jag-
uar Panthera onca and puma Puma concolor? Acta Zoologica 
Sinica 52: 1142–1147.

Hardin G (1960) The competitive exclusion principle. Science 131: 
1292–1297. https://doi.org/10.1126/science.131.3409.1292

Harmsen BJ, Foster RJ, Silver SC, Ostro LET, Doncaster CP 
(2009) Spatial and temporal interactions of sympatric jag-
uars (Panthera onca) and pumas (Puma concolor) in a Neo-
tropical forest. Journal of Mammalogy 90: 612–620. https://
doi.org/10.1644/08-MAMM-A-140R.1

Hearn AJ, Cushman SA, Ross J, Goossens B, Hunter LTB, Macdon-
ald DW (2018) Spatio-temporal ecology of sympatric felids on 
Borneo. Evidence for resource partitioning? PLoS ONE 13(7): 
e0200828. https://doi.org/10.1371/journal.pone.0200828 

Hernández-SaintMartín AD, Rosas-Rosas OC, Palacio-Núñez J, 
Tarango-Arámbula LA, Clemente-Sánchez F, Hoogesteijn AL 
(2013) Activity patterns of jaguar, puma and their potential 
prey in San Luis Potosi, Mexico. Acta Zoológica Mexicana 
29: 520–533. https://doi.org/10.21829/azm.2013.2931595

INEGI (2013) Carta de Uso de suelo y vegetación. Instituto Na-
cional de Estadística y Geografía, Serie V. https://www.inegi.
org.mx/temas/usosuelo

Iriarte JA, Franklin WL, Johnson WE, Redford KH (1990) Biogeo-
graphic variation of food habits and body size of the Amer-
ica puma. Oecologia 85: 185–190. https://doi.org/10.1007/
BF00319400 

Johnson WE, Fuller TK, Franklin WL (1996) Sympatry in ca-
nids: a review and assessment. In: Gittleman JL (Ed.) Car-
nivore behavior, ecology, and evolution. Cornell University 
Press Ithaca, New York, vol. 2, 189–218.

Karanth KU, Sunquist ME (2000) Behavioural correlates of pre-
dation by tiger (Panthera tigris), leopard (Panthera pardus) and 
dhole (Cuon alpinus) in Nagarahole, India. Journal of Zoolo-
gy 250: 255–265. https://doi.org/10.1111/j.1469-7998.2000.
tb01076.x

Kay S, Du Croz T (2008) Sun Times. Version 7.1, http://www.
aptl72.dsl.pipex.com/suntimes.htm

Krebs JC (1999) Ecological methodology. Benjamin, Cummins, 
California, 620 pp.

Linkie M, Ridout MS (2011) Assessing tiger-prey interactions 
in Sumatran rainforests. Journal of Zoology 284: 224–229. 
https://doi.org/10.1111/j.1469-7998.2011.00801.x

Logan KA, Sweanor LL (2001) Desert puma: evolutionary ecol-
ogy and conservation of an enduring carnivore. Island 
press, Washington, DC, 464 pp. 

Maffei L, Cuéllar E, Noss A (2004) One thousand jaguars (Pan-
thera onca) in Bolivia’s Chaco? Camera trapping in the Kaa-
Iya National Park. Journal of Zoology 262: 295–304. https://
doi.org/10.1017/S0952836903004655 

Massara RL, de Oliveira Paschoal AM, Bailey LL, Doherty PF 
Jr, de Frias BM, Chiarello AG (2018) Effect of humans and 
pumas on the temporal activity of ocelots in protected areas 
of Atlantic Forest. Mammalian Biology 92: 86–93. https://
doi.org/10.1016/j.mambio.2018.04.009

Meredith M, Ridout M (2020) Estimates of coefficient of over-
lapping for animal activity patterns. R proyect, https://
cran.r-project.org/web/packages/overlap/overlap.pdf 

Miller B, Dugelby B, Foreman D, Martinez del Rio C, Noss 
R, Phillips M, Reading R, Soulé ME, Terborgh J, Willcox L 
(2001) The importance of large carnivores to healthy eco-
systems. Endangered Species Update 18: 202–210.

Monroy-Vilchis O, Soria-Díaz L (2013) Ecología de Puma con-
color en la Sierra Nanchititla. Universidad Autónoma del 
Estado de México, Mexico, 149 pp.

Monterroso P, Alves PC, Ferreras P (2014) Plasticity in circadian ac-
tivity patterns of mesocarnivores in southwestern Europe: im-
plications for species coexistence. Behavioral Ecology Sociobiol-
ogy 68: 1403–1417. https://doi.org/10.1007/s00265-014-1748-1

Morato RG, Stabach JA, Fleming CH et al (2016) Space use 
and movement of a Neotropical top predator: the endan-
gered jaguar. PLoS ONE 11(12): e0168176. https://doi.
org/10.1371/journal.pone.0168176 

Moreno RS, Kays RW, Samudio R (2006) Competitive release in 
diets of ocelot (Leopardus pardalis) and puma (Puma concolor) 
after jaguar (Panthera onca) decline. Journal of Mammalogy 
87: 808–816. https://doi.org/10.1644/05-MAMM-A-360R2.1

Novack AJ, Main MB, Sunquist ME, Labisky RF (2005) Foraging 
ecology of jaguar (Panthera onca) and puma (Puma concolor) in 
hunted and non-hunted sites within the Maya Biosphere Re-
serve, Guatemala. Journal of Zoology 267: 167–178. https://
doi.org/10.1017/S0952836905007338

Núñez R, Miller B, Lindzey F (2000) Food habits of jaguars and 
pumas in Jalisco, Mexico. Journal of Zoology 252: 373–379. 
https://doi.org/10.1111/j.1469-7998.2000.tb00632.x 

Núñez R, Miller B, Lindzey F (2002) Ecología del jaguar en la 
reserva de la biosfera Chamela-Cuixmala, Jalisco, México. 
In: Medellín RA, Equihua C, Chetkiewicz CL, Crawshaw PG 
Jr, Rabinowitz A, Redford KH, Robinson JG, Sanderson EW, 
Taber A (Eds) El jaguar en el nuevo milenio. Fondo de Cultu-
ra Económica, Universidad Nacional Autónoma de México, 
Wildlife Conservation Society, Mexico, 265–288.

O’Brien TG, Kinnaird MF, Wibisono HT (2003) Crouching ti-
gers, hidden prey: Sumatran tiger and prey populations in a 
tropical forest landscape. Animal Conservation 6: 131–139. 
https://doi.org/10.1017/S1367943003003172

Temporal and spatial segregation of top predators

ZOOLOGIA 38: e63231 | https://doi.org/10.3897/zoologia.38.e63231 | June 25, 2021 9 / 10

https://doi.org/10.1016/j.mambio.2009.02.006
https://doi.org/10.7717/peerj.2886
https://doi.org/10.1126/science.131.3409.1292
https://doi.org/10.1644/08-MAMM-A-140R.1
https://doi.org/10.1644/08-MAMM-A-140R.1
https://doi.org/10.1371/journal.pone.0200828
https://doi.org/10.21829/azm.2013.2931595
https://www.inegi.org.mx/temas/usosuelo
https://www.inegi.org.mx/temas/usosuelo
https://doi.org/10.1007/BF00319400
https://doi.org/10.1007/BF00319400
https://doi.org/10.1111/j.1469-7998.2000.tb01076.x
https://doi.org/10.1111/j.1469-7998.2000.tb01076.x
http://www.aptl72.dsl.pipex.com/suntimes.htm
http://www.aptl72.dsl.pipex.com/suntimes.htm
https://doi.org/10.1111/j.1469-7998.2011.00801.x
https://doi.org/10.1017/S0952836903004655
https://doi.org/10.1017/S0952836903004655
https://doi.org/10.1016/j.mambio.2018.04.009
https://doi.org/10.1016/j.mambio.2018.04.009
https://cran.r-project.org/web/packages/overlap/overlap.pdf
https://cran.r-project.org/web/packages/overlap/overlap.pdf
https://doi.org/10.1007/s00265-014-1748-1
https://doi.org/10.1371/journal.pone.0168176
https://doi.org/10.1371/journal.pone.0168176
https://doi.org/10.1644/05-MAMM-A-360R2.1
https://doi.org/10.1017/S0952836905007338
https://doi.org/10.1017/S0952836905007338
https://doi.org/10.1111/j.1469-7998.2000.tb00632.x
https://doi.org/10.1017/S1367943003003172


Oliveira-Santos LGR, Graipel ME, Tortato MA, Zucco CA, Cáceres 
NC, Goulart FVB (2012) Abundance changes and activity flex-
ibility of the oncilla, Leopardus tigrinus (Carnivora: Felidae), 
appear to reflect avoidance of conflict. Zoologia (Curitiba) 29: 
115–120. https://doi.org/10.1590/S1984-46702012000200003

Paviolo A, Di Blanco YE, De Angelo CD, Di Bitetti MS (2009) 
Protection affects the abundance and activity patterns of 
pumas in the atlantic forest. Journal of Mammalogy 90: 
926–934. https://doi.org/10.1644/08-MAMM-A-128.1

Pianka ER (1978) Evolutionary ecology. Harper and Row, New 
York, 397 pp. 

Polisar J, Maxit I, Scognamillo D, Farrell L, Sunquist M, Eisen-
berg JF (2003) Jaguars, pumas, their prey base, and cattle 
ranching: ecological interpretations of a management prob-
lem. Biological Conservation 109: 297–310. https://doi.
org/10.1016/S0006-3207(02)00157-X

Rabinowitz AR, Nottingham BG (1986) Ecology and be-
haviour of the Jaguar (Panthers onca) in Belize, Central 
America. Journal of Zoology 210: 149–159. https://doi.
org/10.1111/j.1469-7998.1986.tb03627.x

Rayan DM, Linkie M (2016) Managing conservation flagship 
species in competition: tiger, leopard and dhole in Ma-
laysia. Biological Conservation 204: 360–366. https://doi.
org/10.1016/j.biocon.2016.11.009 

Ridout MS, Linkie M (2009) Estimating overlap of daily activity 
patterns from camera trap data. Journal of Agricultural, Bi-
ological and Environmental Statistics 14: 322–337. https://
doi.org/10.1198/jabes.2009.08038

Romero-Muñoz A, Maffei L, Cuéllar E, Noss AJ (2010) Temporal 
separation between jaguar and puma in the dry forests of 
southern Bolivia. Journal of Tropical Ecology 26: 303–311. 
https://doi.org/10.1017/S0266467410000052 

Sánchez ER, García PR, Santos MJMD (2009) Estadística circu-
lar: Herramienta para analizar datos angulares en Biología. 
Universidad Nacional Autónoma de México, Facultad de Es-
tudios Superiores Zaragoza, Mexico, 88 pp. 

Schoener TW (1974) Resource partitioning in ecological com-
munities. Science 185: 27–39. https://doi.org/10.1126/sci-
ence.185.4145.27

Scognamillo D, Maxit IE, Sunquist M, Polisar J (2003) Coexistence 
of jaguar (Panthera onca) and puma (Puma concolor) in a mo-
saic landscape in the Venezuelan llanos. Journal of Zoology 
259: 269–279. https://doi.org/10.1126/science.185.4145.27 

SEMARNAT (2010) Norma Oficial Mexicana NOM-059-SEMAR-
NAT2010. Diario Oficial de la Federación, Mexico. http://
biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/
agenda/DOFsr/DO2454.pdf 

Sollmann R, Furtado MM, Hofer H, Jácomo ATA, Tôrres NM, 
Silveira L (2012) Using occupancy models to investigate 
space partitioning between two sympatric large predators, 
the jaguar and puma in central Brazil. Mammalian Biology 
77: 41–46. https://doi.org/10.1016/j.mambio.2011.06.011

Soria-Díaz L, Fowler MS, Monroy-Vilchis O, Oro D (2018) Func-
tional responses of pumas (Puma concolor) in a multiple 
prey-species system. Integrative Zoology 13: 84–93. https://
doi.org/10.1111/1749-4877.12262 

Srbek-Araujo AC, Chiarello AG (2013) Influence of camer-
atrap sampling design on mammal species capture rates 
and community structures in southeastern Brazil. Biota 
Neotropica 13: 51–62. https://doi.org/10.1590/S1676-
06032013000200005

Steinberg M, Taylor M, Kinney K (2014) The El Cielo Biosphere 
Reserve: Forest Cover Changes and Conservation Attitudes 
in an Important Neotropical Region. The Professional Ge-
ographer 66: 403–411. https://doi.org/10.1080/00330124.2
013.799994

Sunquist M, Sunquist F (2002) Wild cats of the world. Univer-
sity of Chicago Press, London, 452 pp. 

Vargas-Contreras JA, Hernández-Huerta A (2001) Distribución 
altitudinal de la mastofauna en la Reserva de la Biosfera “El 
Cielo”, Tamaulipas, México. Acta Zoológica Mexicana 82: 
83–109. https://doi.org/10.21829/azm.2001.82821866

Winemiller KO, Pianka ER (1990) Organization in Natural As-
semblages of Desert Lizards and Tropical Fishes. Ecological 
Monographs 60: 27–55. https://doi.org/10.2307/1943025

Zar JH (2010) Biostatistical Analysis. Pearson Prentice-Hall, 
Massachusetts, 960 pp.

Submitted: January 17, 2021 
Accepted: June 10, 2021 
Available online: June 25, 2021
Editorial responsibility: Jorge Salazar-Bravo

Author Contributions: LSD and RCT contributed to the original 
idea; CACD, CCAS, YGO and LSD wrote the draft of the 
manuscript; RCT, LMG, CACD and LSD designed and conducted 
the sampling; YGO, JCCH and CCAS, analyzed data and provided 
revision on the manuscript. 
Competing Interests: The authors have declared that no 
competing interests exist.
© 2021 Sociedade Brasileira de Zoologia. Published by Pensoft 
Publishers at https://zoologia.pensoft.net

C.A. Contreras-Díaz et al.

ZOOLOGIA 38: e63231 | https://doi.org/10.3897/zoologia.38.e63231 | June 25, 202110 / 10

https://doi.org/10.1590/S1984-46702012000200003
https://doi.org/10.1644/08-MAMM-A-128.1
https://doi.org/10.1016/S0006-3207(02)00157-X
https://doi.org/10.1016/S0006-3207(02)00157-X
https://doi.org/10.1111/j.1469-7998.1986.tb03627.x
https://doi.org/10.1111/j.1469-7998.1986.tb03627.x
https://doi.org/10.1016/j.biocon.2016.11.009
https://doi.org/10.1016/j.biocon.2016.11.009
https://doi.org/10.1198/jabes.2009.08038
https://doi.org/10.1198/jabes.2009.08038
https://doi.org/10.1017/S0266467410000052
https://doi.org/10.1126/science.185.4145.27
https://doi.org/10.1126/science.185.4145.27
https://doi.org/10.1126/science.185.4145.27
http://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/agenda/DOFsr/DO2454.pdf
http://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/agenda/DOFsr/DO2454.pdf
http://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/agenda/DOFsr/DO2454.pdf
https://doi.org/10.1016/j.mambio.2011.06.011
https://doi.org/10.1111/1749-4877.12262
https://doi.org/10.1111/1749-4877.12262
https://doi.org/10.1590/S1676-06032013000200005
https://doi.org/10.1590/S1676-06032013000200005
https://doi.org/10.1080/00330124.2013.799994
https://doi.org/10.1080/00330124.2013.799994
https://doi.org/10.21829/azm.2001.82821866
https://doi.org/10.2307/1943025
https://zoologia.pensoft.net

	Temporal and spatial segregation of top predators (Felidae) in a Mexican tropical Biosphere Reserve
	ABSTRACT.
	INTRODUCTION
	MATERIAL AND METHODS
	Study site
	Sampling design
	Temporal activity
	Habitat use

	RESULTS
	Temporal activity
	Habitat use

	DISCUSSION
	ACKNOWLEDGEMENTS
	LITERATURE CITED

