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Abstract: Worldwide big cats are at risk of extinction, and anthropogenic factors and natural habitat distur-
bances represent the biggest threats for their survival. It is essential to know the natural resources use by these 
predators and the way these big felids can adapt to changes. It is unknown how the puma (Puma concolor) 
selects and uses resources, what environmental factors determine its presence and how this species is affected 
by natural disturbances in Mexican tropical forests. This study was performed in the Eden ecological reserve 
and surroundings, in the North of Quintana Roo, Mexico, an area dominated by tropical semideciduous (medium 
forest) and secondary forest (acahual). Camera samplings were carried out during 2008, and from 2010 to 2012. 
Habitat variables, activity patterns and species associations were also spatially and temporally analyzed using 
achi-squared test and overlapping coefficients. General Linear Models (GLM) were used in order to determine 
which variables influence the presence of cougars in the study area. Cougars used vegetation and paths in dif-
ferent proportions as the availability of these resources. The years with more changes (P < 0.05) were 2008 and 
2011. This predator was active throughout the day, but changed its activity patterns over the years. The cougar 
was spatio-temporally associated with six mammals and two big terrestrial birds: Pecari tajacu (∆ = 0.52), 
Meleagris ocellata (∆ = 0.55), Crax rubra (∆ = 0.58), Didelphis sp. (∆ = 0.64), Mazama temama (∆ = 0.66), 
Leopardus pardalis (∆ = 0.68), Dasypus novemcinctus (∆ = 0.73) and Panthera onca (∆ = 0.87). After testing 
90 GLM models, the model with a lower AIC value described the activity patterns of prey and co-predators.
The vegetation and water in the reserve were important variables for the cougar. However the variables that 
determined and modified the presence of the species were activity patterns of co-predators and the potential 
preys. The factors that negatively affected the presence of the species were fire, human presence, and habitat 
displacement to less favorable habitats to avoid jaguar. Rev. Biol. Trop. 66(1): 78-90. Epub 2018 March 01.

Key words: acahual, activity patterns, associated species, cougar, environmental variables, fair, human effect, 
tropical semideciduous forests.

Carnivore decline and local extinctions are 
tragic, and they can produce effects that rever-
berate across entire ecosystems (Hunter, 2011). 
To know the environmental variables that 
affect the ecological role of wildlife is a clue 
about factors influencing carnivore population 

size and dynamics, and the role of resource 
limitation (a bottom-up process; Laundre & 
Hernández, 2010). For conservation purposes, 
it is essential to determine how species respond 
to habitat disturbance; for example, fire has a 
strong influence on forest structure; it has been 
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associated with the simplification of forest 
structure (Collins, 2012) and animal communi-
ties can be affected by fire via direct mortality, 
or indirectly through the alteration of habitat 
resources (Whelan, Rodgerson, Dickman, & 
Sutherland, 2002).

If we are to take actions focused on pre-
serving the species, the cougar (Puma con-
color) could be a good key species because 
it is considered a species with low tolerance 
to human activity (Logan & Sweanor, 2001; 
Foster, Hamsem, & Doncaster, 2010; Zarco-
González, Monroy-Vilchis, Rodríguez-Soto, 
& Urios, 2012; Rodríguez-Soto, Hernández-
Téllez, & Monroy-Vilchis, 2013), and low 
population densities and wide home ranges, 
render this predator vulnerable to environ-
mental changes (Núñez, Miller, & Lindzey, 
2002; Rodríguez-Soto et al., 2013), such as 
deforestation, changes in soil use, and human 
activity (Ripple & Beschta, 2006; Foster et 
al., 2010; Foster et al., 2014; Zarco-González 
& Monrroy-Vilchis, 2014), which directly 
affect its distribution, abundance, reproduc-
tion and survival (Mcloughlin, Morris, Fortin, 
Wal, & Contasti, 2010). Studies on cougars in 
Mexico are scarce (Monroy-Vilchis, Rodrí-
guez-Soto, Zarco-González, & Urios, 2009; 
Zarco-González, Monroy-Vilchis, & Alaníz, 
2013; Monroy-Vilchis & Soria-Díaz, 2013). 

It is important to know how the cougars 
take advantage of environmental factors and 
how its use varies along time (Laundre & 
Hernández, 2010). The cougar utilizes habitat 
components differentially (Krauman, 1999), 
according to availability, abundance, or pos-
sible advantages to supply its needs (Hutton, 
1985); and the cougar use or selection of 
resources depend on the species with which it 
coexists, such as co-predators and preys, which 
may limit its distribution (McLoughlin et al., 
2010). Besides, there are no medium-term 
studies on how this species adapts to changes 
in the environment. Thus, the goal of this study 
was to document the factors that affect the way 
in which cougars use environmental variables: 
such as vegetation and paths based on their 
availability, and whether this usage is the same 

throughout the years. We also investigated the 
degree of association between this predator and 
sympatric species in the spatial or temporal 
context. Additionally, we analyzed which vari-
ables determine cougar presence in the study 
area, with or without natural disasters, like the 
fire of 2011 near to the reserve.

MATERIAL AND METHODS

Study area: The study area was the El 
Edén Ecological Reserve (REEE) and its sur-
roundings, in the Lazaro Cardenas municipali-
ty, State of Quintana Roo, Northeast of Yucatán 
Peninsula in Mexico (21°36’00” - 20°34’00” N 
& 87°06’00” - 87°45’00” W). The altitude var-
ies from 5 to 10 m (Lazcano-Barrero, March, 
Núñez, Ruelas, Muñoz-Alonso, & Martínez, 
1992). El Edén encompasses 3 077 ha and is part 
of the Yalahau biological region (Gómez-Pom-
pa, Allen, Fedick, & Jiménez-Osorio, 2003). It 
is one of the Northernmost tropical forests in 
the continent, which are partially under federal 
protection within the 154 052 ha Yum Balam 
Wildlife Protection Area (Navarro, Ramolina, 
& Pérez, 2007). The reserve includes five types 
of vegetation; the most extended types are 
the medium forest (MF) the secondary forest 
(acahual), also in less proportion savanna and 
mixed farming (Schultz, 2003). 

Field work: A sampling plan was designed 
to assess the habitat use of cougars. Four-
camera trapping periods were established (Fig. 
1): for the months of July-September 2008, 
October-December 2010, May-July 2011, and 
August-December 2012. We used digital-cam-
era traps of various models: Cuddeback (expert, 
Capture and Capture IR; Non Tipical INC), 
Moultrie (model D444; EBSCO Industries, 
Inc), and Wildwiew (model Xtrem 4; Stealth 
CammLLC). The CENJAGUAR (Chávez, 
Zarza, Ceballos, & Amin, 2007) design was 
used for camera installation, which consists in 
selecting two or three stations (places for cam-
era location) inside a 9 km2 plot. At least nine 
adjacent plots were established, and at least one 
station per plot was “double” (i.e., two cameras 
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facing each other). These cameras were placed 
at no more than 1.5 meter-wide trails used by 
humans, firebreaks, and approximately six-
meter wide dirt roads. Devices were placed at 
distances between 1.5 and 3 km. In 2008, nine 
stations were placed in MF, and 18 in Acahual. 
In 2010, ten stations were placed in MF, and 14 
in Acahual. In 2011, ten stations were placed 
in MF, and 12 in Acahual. In 2012, 12 stations 

were placed in MF, and 22 in Acahual (Fig. 1). 
Cameras were active 24 hours a day, and were 
programmed to take a picture every 30 seconds. 

The recognition of individuals (cougars) 
was made by identifying conspicuous marks, 
such as tail shape, scars, notches on the ears, 
spots on the inside of the legs and the shape 
and bearing of the animal (Kelly et al., 2008).
Independent photographic records of each 

Fig. 1. Sampling station distribution over a four-year study (2008, 2010-2012) 
at the El Eden Ecological Reserve, Quintana Roo, Mexico.
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species were used for analysis. Independence 
criteria were: 1) same-species records, identi-
fied by color pattern or distinguishing marks, 
every period longer than 30 minutes; 2) Con-
secutive records showing different individuals 
from the same species; 3) Each individual in 
the photograph among several individuals; 4) 
each individual from the same species which 
was not possible to be identified as a dis-
tinct individual in consecutive photographic 
records. Photographic records separated by 
three-hour or longer periods, were considered 
independent records.

Relative abundance (RA): The number 
of independent registers for each species per 
unit of sampling effort, was used to estimate 
abundance of cougars and coexisting species 
(Monroy-Vilchis, Zarco-González, Rodríguez-
Soto, Soria-Díaz, & Urios, 2011). We used the 
following formula RA=(C/SE)*1000, where: 
“C” represents captures (independent pho-
tographic events); “SE” represents sampling 
effort (number of cameras per sampling days. 
To estimate the RA for cougars and to compare 
it between vegetation and path types for years, 
the sampling effort by type of vegetation or 
path was taken into account; a 1000-day-trap 
unit was established as a standard.

Habitat and environment use: In order 
to find out whether cougar use environmental 
variables (vegetation type and paths type) 
according to the availability of those resources, 
our null hypothesis was that these are not 
selected by the animals or selection is random. 
This was demonstrated by a Pearson’s chi-
squared statistical test (Chernoff, & Lehmann, 
1954; Siegel & Castellan, 1988), using a Monte 
Carlo method to estimate the corresponding 
sample significance level (P-value) (Hope, 
1968). Camera capture frequencies were taken 
as observations in each one of the resource cat-
egories (MF, acahual, trail, firebreak, and dirt 
road), as well as in each activity pattern. The 
percentage of stations placed at each resource 
type (vegetation and path) was determined in 
order to calculate the expected proportions 

resulting from random selection. All the photo-
graphic records from each resource type were 
considered for activity pattern determination. 
An expected proportion of 10/24 hours for the 
diurnal/nocturnal period, and of 4/24 hours for 
the crepuscular period were considered. The 
size of the sample and the spatial distribution 
of the cameras involved an increased associa-
tion between camera observations from nearby 
devices as well as violation of the principle of 
normality. For this reason, the bootstrap tech-
nique was used to calculate simultaneous con-
fidence intervals (Mandel & Betensky, 2008) 
for proportions of use by category. The number 
of bootstrap repetitions was 10 000, with a con-
fidence interval of 1-α/2k using the percentile 
method, where k is the number of resource 
categories. The statistic used to demonstrate 
H0 : pi = p0 , where the real proportion is pi for 
the i-th category, and p0 is the expected propor-
tion according to the null hypothesis, was the 
observed proportion for the i-th category . H0 
was rejected when the bootstrap interval for pi 
did not contain p0.

Activity patterns: Activity patterns were 
established as: nocturnal, from 20:00 to 06:00; 
crepuscular, from 06:00 to 08:00, and 18:00 
to 20:00, and diurnal, from 08:00 to 18:00 
(Monroy-Vilchis et al., 2011). Group of hours; 
starting with 00:00 hours, hours were grouped 
in pairs in order to determine activity peaks.

Cougar-prey temporal association: Spe-
cies associations, as result of activity patterns, 
were analyzed using the overlapping coef-
ficient (∆), which ranges from 0 (no overlap-
ping) to 1 (full overlapping) (Ridout & Linkie, 
2009). The overlapping coefficient estimator 
was defined as ∆=  min{ (t), (t)}dt, where 

(t) y (t), are the two activity functions at 
the time t when they are compared. Statistical 
analysis was implemented using the overlap 
library in R statistical software (V 3.1.0). Con-
fidence intervals were calculated at 95% for d, 
with 1 000-repetition bootstrap percentiles of ∆. 
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Cougar-prey spatial association: Spatial 
association was calculated by means of 2x2 
contingency tables, and the null hypothesis 
stating that species are distributed independent-
ly from each other was proven (α = 0.05). The 
statistic test suggested by Ludwig and Reyn-
olds (1988), with Yates’ correction factor was: 

 = (N[|(ad - (bc))| - (N/2)])2/mnrs. Where a 
= number of sampling units where both species 
meet; b = number of sampling units where A 
occurs, but not B; c = number of sampling units 
where B occurs, but not A; d = number of sam-
pling units where none of the two species were 
found. N = total number of sampling units (N = 
a + b + c + d); m = a + b; n = c + d; r = a + c; s 
= b + d. Consequently, if  > , where  is 
quantile 1 - a quantile from the Χ 2 distribution 
with two degrees of freedom, the hypothesis of 
species distribution independence is rejected.

Effects of environmental variables and 
resource availability on cougar presence: In 
order to prove the hypotheses concerning the 
role of environmental variables on cougar pres-
ence in the study area (Table 1); this study esti-
mated the effects of vegetation type, horizontal 
and vertical plant cover (Horizontal plant cover 
was defined as the percentage of vegetation 
capable of hiding a subject when it is 15 m 
away) (Griffith & Youtie, 1988). Vertical plan 
cover was estimated as the proportion of vis-
ibility through the canopy of trees). Distance to 
water bodies and towns (WPS points of camera 
traps was analyzed with GIS in ArcView 8.3), 
path type, as well potential prey, co-predator 
(jaguar and ocelot), human presence (was ana-
lyzed like other species), activity patterns of 
potential prey, and co-predators were analyzed. 
In addition, group of different animal by weight 
were added as a second group of variables. 

TABLE 1
Environmental variables considered for the generalized linear models (GLM). By studied year (2008, 2010-2012) and 18 

models with information from the four years at the El Eden Ecological Reserve, Quintana Roo, Mexico by Puma concolor

Model Environmental variables AIC 2008 AIC 2010 AIC 2011 AIC 2012 AIC Full
0 Nil 93.6 53.6 68.6 99.5 320.7
1 Co-predators per AP 90.5 59.0 74.0 81.5 315.9
2 Co-predators per AP, AVS 87.6 57.0 68.6 80.0 308.9
3 All sp + human 89.2 51.8 63.1 94.8 314.7
4 All sp + human AVS 76.9 41.8 55.6 86.2 300.2
5 All sp + co-predators + human 79.3 55.8 57.7 91.6 307.9
6 All sp + co-predators + human AVS 72.9 40.6 55.7 86.2 291.6
7 All sp + human per AP 98.9 59.8 66.7 98.6 318.6
8 All sp + human per AP AVS 82.9 35.8 57.6 75.5 295.6
9 All sp + co-predators + human per AP 94.6 66.2 63.7 99.4 303.4
10 All sp + co-predators + human per AP AVS 80.6 43.6 51.7 70.1 288.28
11 EF 88.9 56.2 75.5 107.1 326.78
12 EF AVS 84.8 55.3 68.63 99.5 320.2
13 EF + all sp + human 89.1 51.8 63.7 98. 296.5
14 EF + all sp + human AVS 76.2 35.2 47.5 84.7 290.6
15 All sp by weight group 89.2 54.7 73.0 105.3 328.20
16 All sp by weight group AVS 87.5 50.0 69.3 98.2 320.7
17 All sp by weight group + EF 86.2 49.8 75.7 112.4 329.9
18 All sp by weight group + EF, AVS 79.0 47.8 68.6 98.2 322.2

Activity pattern (AP); after variable selection as per AIC (AVS); environmental factors -distance to bodies of water, 
vegetation type, path type, prey or co-predator traces, plant cover- (EF). All species, considered all species photographed 
with independent records (All SP).
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According to Davis, Kelly and Stauffer (2011), 
species were classified as large mammals (8-26 
kg), medium-sized mammals (3-8 kg), small 
mammals (1-3 kg), large birds (2-6 kg), and 
small birds (< 2 kg). 

To analyze the effect of the presence of 
cougar by environmental variables, prey and 
co-predator presence, the stations were consid-
ered as independent sampling units when the 
distance between them was longer than 1.5 km. 
It was assumed that all vegetation and path 
types were accessible to all species.

The effects of all variables on cougar 
presence were evaluated with a generalized 
linear model (GLM) (Sileshi, 2008) assuming 
a negative binomial distribution. Parameters 
were estimated using the glm.nb function in 
R software. Variable effect significance was 
determined by means of an asymptotic t-test 
at α = 0.05 level. Akaike’s Information Cri-
terion (AIC) was employed to select the best 
model (Burnham & Anderson, 2002); this 
criterion favors simpler models by penalizing 
by number of parameters. Ninety models were 
thus generated.

RESULTS

The sampling effort of 6 942 day-traps 
resulted in the identification of 40 cougars dur-
ing the four-year study. The number of individ-
uals varied across years: the lowest number of 
captures was in 2010 (seven individuals), and 
the greatest in 2008 (13 individuals). Of these, 
only five were considered residents when iden-
tified through the years, and only one of them 
was identified the four years. A total of 134 
independent records were obtained and used 
to perform the habitat use and activity pattern 
analyses. A total of 26 species cohabited with 
cougars in this study area, but their capture 
rates varied across years, and not all the species 
were registered every year of the study (Fig. 2). 

Habitat and environmental use: The 
54 % of photographic records occurred in aca-
hual and the remaining 46 % in MF. Relative 
abundance varied annually in both vegetation 

types. In MF the RA was 34.7, 25, 19 and 7.8 
respectively per year, and in acahual the RA 
was 14.6, 5.9, 13.8 and 15.6. According to the 
χ2 test and bootstrap intervals, acahual use was 
less than expected in 2008, while in 2011 it was 
used more than expected; the opposite was for 
the MF in the same years.

During the four study years period, 46% of 
records were obtained on trails, 44% on roads, 
and the remaining 10% on firebreaks. Cougar 
presence in each type of path varied annually: 
RA on trails was 12.5, 20.8, 11.9 and 10.41; in 
roads 15, 5.6, 18.5 and 13.1, and in firebreaks 
12.5, 20.8, 11.9 and 10.41, respectively per 
year of study. In 2011, cougars used the trail 
category in a less than expected proportion, 
while the dirt road was used more than expect-
ed, based on availability (α = 0.05).

Activity pattern: Cougars were active at 
all times; most of the registers were nocturnal, 
with activity peaks between 20:00 and 02:00. 
The predator’s crepuscular activity pattern, 
comprising 25 % of registers, showed a higher 
activity between 06:00-08:00. A total of 33% 
of the records were obtained during the diurnal 
(08:00-18:00) activity pattern. In the diurnal 
percentage of records, the lowest activity lev-
els were registered between 10:00 and 16:00 
(Fig. 3). These percentages for the number of 
records did not maintain the same proportions 
during the four-year study. However, the noc-
turnal activity pattern consistently produced 
the majority of records: 48 %, 31 %, 47 %, and 
38%, respectively. For the diurnal activity pat-
tern, percentages were 26%, 37 %, 27 %, and 
43 %, and 26 %, 31 %, 27 % and 19 % for the 
crepuscular activity pattern. 

Cougar-prey spatial association: Analy-
ses of the associations between cougars and 
the 26 photographed species (potential prey 
and co-predators) determined that opossum 
(Didelphis sp.), armadillo (Dasypus novem-
cinctus), ocellated turkey (Meleagris ocellata), 
red brocket deer (Mazama temama), and col-
lared peccary (Pecari tajacu) (Χ2 ˃ 3.84, α < 
0.05) had significant associations with the cou-
gar. In acahuals, changes were detected in some 
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Fig. 2. Bird and mammal species photographed during the four-year study and their relative abundance (independent photos 
/sampling effort * 1000) in the El Eden Ecological Reserve, Quintana Roo, Mexico (Black bars= 2008, light grey bars= 
2010, dark grey bars = 2011, White bars = 2012).
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of the years. In 2008, associations with great 
curassow (Crax rubra), D. novemcinctus, and 
plan chachalaca (Ortalis vetula) were detected; 
in 2010, with spotted paca (Cuniculus paca), 
and in 2011 with P. tajacu. There were no 
significant associations in this vegetation type 
during 2012. Concerning MF, associations with 
striped hog-nosed skunk (Conepatus semistria-
tus), Didelphis sp., M. ocellata, M. temama and 
Nasua narica were detected in 2008, and no 
significant associations were detected in this 
vegetation type in 2010, 2011, and 2012. 

In 2008, P. concolor was found to be spa-
tially associated with birds such as C. rubra, 
O. vetula, and A. cajanea, and with mammals 
such as C. semistriatus, D. novemcinctus, M. 
temama and N. narica. In addition, the highest 
relative abundances of those species were reg-
istered (Fig. 2), where as M. ocellata’s relative 
abundance was not the highest for the species. 
In 2010, species C. paca y T. tajacu showed 
significant associations with cougar. This year 
was one of the least abundant for both species 
as compared to the other studied years. Despite 
the higher relative abundance of those species 
in 2011 and 2012, no association with the cou-
gar was found. 

Cougar-prey species time association: 
The association between P. concolor and other 
species presented variations not only in spa-
tial distribution, but also in time distribution. 
This overlapping was: C. rubra (∆ = 0.58), 
D. novemcinctus (∆ = 0.73), Didelphis sp. (∆ 
= 0.64), Leopardus pardalis (∆ = 0.687), M. 
ocellata (∆ = 0.55), M. temama (∆ = 0.66), 
Panthera onca (∆ = 0.87) and P. tajacu (∆ 
= 0.52). Higher values indicate higher use 
of time overlapping. 

Effects of environmental and resource 
availability on cougar presence: The year’s 
effect was significant in each one of the 90 
studied models. Those models, containing only 
environmental variables, were important to 
predict the cougar presence within the Reserve. 
However, model 10 obtained the lowest 
Akaike’s Information Criterion score (288.26; 
Table 2). Additionally, human activity exerts 
negative pressure on its presence. In 2010 and 
2011, besides the aforementioned variables, the 
environmental variables played an important 
role in predicting P. concolor presence.

Fig. 3. Cougar (Puma concolor) activity patterns at the el Eden Ecological Reserve, Quintana Roo, Mexico over a four-year 
study. Times of the day grouped in pairs.



86 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(1): 78-90, March 2018

DISCUSSION

The number of cougars identified during 
the four years was high, but the density in 
the study area varied from 1.85-5.17 (Ávi-
la-Nájera, Chávez, Lazcano-Barreto, Pérez-
Elizalde, & Alcántara-Carbajal, 2015). This 
value resulted similar to other cougar distribu-
tion sites, for example, 1.9 in Venezuela, 2.4-
4.9 in Belize, or less than others sites like 6.13 
in Brazil, or 12.4-19.4 in Bolivia (Laundre & 
Hernández, 2010).

According to general analysis compila-
tion of the habitat selection by pumas, the 
results showed that the habitat or variables 
selection depends of environmental conditions 
and may be contrasting and opposing if com-
pared between different biomes (Laundre & 
Hernández, 2010). Cougars live in areas with 
presence of native protected forests, avoiding 
highly modified and accessible to man areas 
(De Angelo, 2009; Foster et al., 2010; Foster et 
al., 2014; Zarco-González & Monrroy-Vilchis, 
2014). The results of this study suggested that 
cougars use vegetation and path type variables 
on an availability basis. Factors such as human, 

prey, and co-predator presence modify the use, 
which reflects reports by other studies (Mon-
roy-Vilchis, Rodríguez-Soto, Zarco-González, 
& Urios, 2009; McLoughlin et al., 2010; Foster 
et al., 2014). Despite cougars may be found in 
all vegetation types in Mexico (Chávez, 2005), 
the species favors forests that provide them 
with dense plant cover (Lira & Naranjo, 2003; 
Chávez, 2010; Rodríguez-Soto et al., 2013). 

The camera-traps were located on the dirt 
roads, firebreaks and trails already existing 
within the study area; the number of camera-
traps by type of trail was in accordance with 
their availability. This was taken into account 
in the statistical analysis. In all the studied 
years except 2011, the cougar was observed 
using trails, firebreaks, and dirt roads propor-
tionally to the availability of those features; in 
2011, road use was higher than expected, which 
was associated with changes produced by that 
year’s fire, this path is associated to acahual. 
This effect may have been due to two factors. 
Firstly, although these man-made sites facilitat-
ed cougar movement, the closeness to the place 
where fires occurred, made the sites less favor-
able. In addition to environmental factors, we 

TABLE 2
Environmental variables that determine cougar presence in El Eden Ecological Reserve, 

Quintana Roo, Mexico (AIC, 288.26)

Coefficient Standard error  z Pr >|z|
(Intercept) -6.47 0.19 -32.58 0.00
diurnal_human 0.02 0.00 4.64 0.00
diurnal_peccari 0.69 0.15 4.41 0.00
crepuscular_coati 0.51 0.27 1.88 0.05
crepuscular_ocellated turkey -0.84 0.51 -1.64 0.09
diurnal_ocellated turkey 0.47 0.14 3.22 0.00
nocturnal_margay -0.69 0.36 -1.91 0.05
diurnal_jaguar -0.30 0.15 -1.99 0.04
nocturnal_jaguar 0.56 0.11 4.94 0.00
crepuscular_jaguar 0.37 0.14 2.52 0.01
crepuscular_ocelot -0.66 0.27 -2.39 0.01
nocturnal_ocelot 0.17 0.05 3.01 0.00
diurnal_gray fox -0.57 0.21 -2.65 0.00
crepuscular_gray fox 0.27 0.15 1.77 0.07
nocturnal_opossum 0.40 0.14 2.90 0.00
nocturnal_armadillo -1.34 0.63 -2.12 0.03
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should consider the presence of co-predators, 
and the selection of most favorable environ-
ments by dominant species such as the jaguar 
(Harmsen, Foster, Silver, Ostro, & Doncaster, 
2009; Romero-Muñoz, Maffe, Cuéllar, & Noss, 
2010). Secondly, roads into the Reserve are 
not very much used by humans, which may 
explain why cougars use them, since cougar 
do avoid road stretches frequently used by 
humans (Dickson & Beier, 2002; Rodríguez-
Soto et al., 2013), a trend that contrasts with 
their usage of paths providing tree cover (Lira 
& Naranjo, 2003).

Habitat use and resource selection may 
be affected by external factors. Within the 
Reserve, cougars favored the MF, but natural 
disruptions and interaction with co-predators, 
compelled the animals to use environments 
that may not have been the most productive or 
favorable for them, as was the case for the year 
2011; this same behavior has been documented 
in other areas (Scognamillo, Maxit, Sunquist, 
& Polisar, 2003).

Environmental disruptions may determine 
how cougar use environmental variables in the 
study area, as was the case with the fire in the 
month of May, 2011, in the Lazaro Cardenas 
municipality; where the Reserve is located. A 
total of 2 750 ha adjacent to the Reserve perim-
eter were damaged, which had a considerable 
impact on animal mobility and, consequently, 
on the relative abundance of all the species 
evaluated in the Reserve. Besides, the fire is 
mentioned like one of the most important natu-
ral environmental factors influencing regional 
biodiversity (Cox, Moehr, & Larkin, 2006). 
During that fire and immediately afterwards, 
the animals changed their activity patterns 
and significantly decreased their abundance 
in places close to the fire, as resulted for other 
regions (Dees, Clark, & Van Manen, 2008). 
But the vegetation recovered quickly after fire; 
some species like peccaries and deer, could 
be attracted to burnt habitats because of the 
increased quality and/or quantity of forage 
(Dees et al., 2008). 

Cougar presented a cathemeral activity pat-
tern within the Reserve, and its activity peaks 
were associated with hunting (Chávez, 2005), 
as opposed to reports from different geographi-
cal areas, where the predator has been described 
as predominantly crepuscular (Chávez, 2005), 
and having activity peaks between 2:00 and 
10:00 (Hernández-Saint Martin et al., 2013). 
Cougar activities in the Reserve were associ-
ated to the activities of their primary potential 
prey (armadillos, peccaries, and red brocket 
deer), their evasion strategy towards the jag-
uar (Gómez-Ortiz & Monroy-Vilchis, 2013; 
Hernández-Saint Martin et al., 2013; Ávila-
Nájera, 2015), and the temporal and/or spatial 
avoidance of human activity (Sweanor, Logan, 
Bauer, Millsap, & Boyce, 2008). According 
to the assessed models, human activity exerts 
a negative influence on feline’s presence.This 
effect was marked in 2011, when park rangers, 
volunteers and firefighters were in the study 
area to fight the fire, while during the other 
years, the frequency of humans was reduced 
to the reserve staff. The negative effect was 
reported in others areas (Chávez, 2005; Foster 
et al., 2010; Rodríguez-Soto et al., 2013). The 
effect of the variables in the presence of pumas 
can be responses to different abiotic and biotic 
variables, so that negative values, in the case of 
the activity patterns of certain species or use of 
habitat variables, may be the result of complex 
ecological interactions.

In tropical forests in the North of the Yuca-
tán Peninsula, cougars favor conservation areas 
where water resources are available through 
the year. Cougar presence in the study area was 
defined by the activity pattern of certain spe-
cies that have been reported as important parts 
of the predator’s diet (Ávila-Nájera, 2015). Its 
home range depends on interactions with pred-
ators, and sympatric species. Studies have been 
carried out along its distribution and the factors 
that most affect the species is the destruc-
tion of habitat and fragmentation, as well as 
human-cougar-conflict (Laundre & Hernández, 
2009). In conclusion, environmental variables 
that determine the presence of the cougar and 
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modify its use of the environmental variables 
are the co-predators, potential prey and human. 
The RA can be high when the human is pres-
ent however it modifies their activity patterns, 
being more nocturnal.
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RESUMEN

Ecología del Puma concolor (Carnivora: Felidae) 
en un bosque tropical mexicano: adaptación a las alte-
raciones ambientales. Los grandes felinos a nivel mundial 
se encuentran en peligro de extinción. Los factores antro-
pogénicos y las alteraciones naturales representan una gran 
presión para su sobrevivencia. Es esencial conocer el efecto 
de estos sobre los depredadores y cómo los felinos se adap-
tan y usan los recursos naturales. Se desconoce el modo en 
que el puma (Puma concolor) selecciona y utiliza recursos, 
cuáles son los factores ambientales que determinan su pre-
sencia y cómo esta especie se ve afectada por alteraciones 
naturales en los bosques tropicales mexicanos. Este estudio 
se realizó en la reserva ecológica de El Edén y sus alrede-
dores en el norte de Quintana Roo, México, área dominada 
por selva tropical semidecidua (selva mediana) y bosque 
secundario (acahual). Se realizaron muestreos con cáma-
ras durante 2008 y 2010-2012. Las variables de hábitat, 
patrones de actividad y asociaciones de especies también se 
analizaron espacial y temporalmente mediante una prueba 
de chi-cuadrado y coeficientes de traslape. Se utilizaron 
modelos GLM para determinar qué variables influyen en la 
presencia de pumas en el área de estudio. El puma utiliza 
la vegetación y caminos en diferente proporción a la de su 
disponibilidad. Los años con más cambios (P <0.05) fueron 
2008 y 2011. Este depredador está activo durante todo el 
día, pero cambió sus patrones de actividad durante los 
años. El puma está asociado espacio-temporalmente con 
siete mamíferos: Pecari tajacu (Δ = 0.52), Meleagris oce-
lata (Δ = 0.55), Crax rubra (Δ = 0.58), Didelphis sp. (Δ = 
0.64), Mazama temama (Δ = 0.66), Leopardus pardalis (Δ 
= 0.68), Dasypus novemcinctus (Δ = 0.73) y Panthera onca 
(Δ = 0.87) y dos grandes aves terrestres. Después de probar 
90 modelos GLM, el modelo con un valor menor de AIC 

es el de patrones de actividad de presas y co-depredadores. 
La vegetación y la disponibilidad de agua en la reserva son 
variables importantes para el puma. Sin embargo, las varia-
bles que determinan y modifican la presencia de la especie 
son los patrones de actividad de los co-depredadores y las 
presas potenciales. Los factores que afectan negativamente 
la presencia de la especie son el fuego, la presencia humana 
y el desplazamiento a habitas menos favorables para evadir 
al jaguar.

Palabras clave: acahual, efecto humano, especies asocia-
das, incendio, patrones de actividad, puma, selva tropical 
semidecidua, variables ambientales.

REFERENCES

Ávila-Nájera, D. (2015). Selección de recursos y coexisten-
cia del jaguar (Panthera onca) y puma (Puma conco-
lor) en la Reserva Ecológica el Eden, Quintana Roo, 
México (Doctoral thesis). Colegio de Postgraduados, 
Estado de México, México.

Ávila-Nájera, D., Chávez, C., Lazcano Barreto, M., Pérez-
Elizalde, S., & Alcántara-Carbajal, J. L. (2015). 
Felinos (Carnivora: Felidae) en el Norte de Quintana 
Roo, México: estimación poblacional y conservación. 
Revista Biología Tropical, 63(3), 799-813.

Burnham, K. P., & Anderson, D. R. (2002). Model selection 
and multimodel inference: a practical information-
theoretic approach. New York: Spring.

Chávez, C. (2005). Puma. In G. Ceballos & G. Oliva 
(Eds.), Los mamíferos silvestres de México (pp. 364-
367). Distrito Federal: Fondo de Cultura Económica- 
Comisión Nacional para el Uso de la Biodiversidad.

Chávez, C. (2010). Ecología y Conservación del jaguar 
(Panthera onca) y Puma (Puma concolor) en la 
región de Calakmul y sus implicaciones para la 
conservación de la Península de Yucatán (Doctoral 
Thesis). Universidad de Granada, Granada, España.

Chávez C., Zarza, H., Ceballos, G., & Amin, M. (2007). 
Ecología poblacional del jaguar y sus implicaciones 
para la conservación en la Península de Yucatán, Aná-
lisis de viabilidad de poblaciones y hábitat del jaguar 
en México. In G. Ceballos, C. Chávez, R. List, & H. 
Zarza, (Eds.), Conservación y Manejo del Jaguar en 
México estudios de caso y Perspectivas de conserva-
ción (pp. 101-110). Distrito Federal: Alianza World 
Wildlife Found/telcel, Comisión Nacional para el 
Uso de la Biodiversidad, Comisión Nacional de Área 
Naturales Protegidas, EcoCiencias S.C.

Chernoff, H., & Lehmann, E. L. (1954). The use of maxi-
mum likelihood estimates χ2 tests for goodness-of-fit. 
The Annals of Mathematical Statistics, 25, 579-586.

Collins, L. (2012). The effect of fire regimes and landca-
pe on habitat structure and mammal population in 



89Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(1): 78-90, March 2018

temperate eucalypt forests of south Eastern Austra-
lia (Doctoral of Philosophy thesis). University of 
Wollongong, Australia.

Cox, J., Moehr, D., & Larkin, J. (2006). Florida Pantera 
habitat Use: New approach to old problem. Journal 
of Wildlife Management, 70(6), 1778-1785.

Davis, L., Kelly, M., & Stauffer, D.F. (2011). Carnivore 
co-existence and habitat use in the Mountain Pine 
Ridge Forest Reserve, Belize. Animal Conservation, 
14(2006), 56-5.

De Angelo, C. (2009). El paisaje del Bosque Atlántico 
del Alto Paraná y sus efectos sobre la población 
de jaguar (Panthera onca) y puma (Puma con-
color) (Doctoral thesis). Universidad Nacional de 
Tucamán, Argentina.

Dees, C. S., Clark, J. D., & Van Manen, F. T. (2001). Flori-
da panther habitat use in response to prescribed fire. 
The Journal of Wildlife Management, 65(1), 141-147.

Dickson, B., & Beier, P.(2002). Home-range and habitat 
selection by adult cougars in Southern California. The 
Journal of Wildlife Management, 66(4), 1235-1245.

Foster, R., Hamsem, B., & Doncaster, P. (2010). Habitat 
use by sympatric jaguar and puma across a gradient 
of human disturbance in Belize. Biotropica, 42(6), 
724-731.

Foster, R., Hamrmsen, B. J., MacDonald, D., Collins, J., 
Urbina, Y., Garcia, R., & Doncaster, P. (2014). Wild 
Meat: a shared resource amongst people and pre-
dators. Fauna & Flora Internacional, Oryx, 50(1), 
63-75.

Griffith, B., & Youtie, B. A. (1988). Two Devices for 
Estimating Foliage Density and Deer Hiding Cover.
Wildlife Society Bulletin, 16, 206-210.

Gómez-Ortiz. Y., & Monroy-Vilchis, O. (2013). Feeding 
ecology of puma Puma concolor in Mexican montane 
forests with comments about jaguar Panthera onca.
Wildlife Biology, 19, 179-187. 

Gómez-Pompa, A., Allen, M. F., Fedick, S., & Jiménez-
Osorio, J. J. (2003). The Lowland Maya Area. Three 
Millennia at the Human-Wild land Interface. Bingha-
mton, New York: The Haworth Press.

Harmsen, B. J., Foster, R. J., Silver, S. C., Ostro, L. E. 
T., & Doncaster, C. P. (2009). Spatial and temporal 
interactions of sympatric jaguars (Panthera onca) 
and pumas (Puma concolor) in a Neotropical forest.
Journal of Mammalogy, 90, 612-620.

Hernández-Saint Martin, A., Rosas-Rosas, O., Palacios-
Núñez, J., Tarango-Arambula, L., Clemente-Sánchez, 
F., & Hoogesteijn, A. (2013). Activity patterns of 
jaguar, puma and their potential prey in San Luis 
Potosi, México. Acta Zoológica Mexicana (n.s.), 
29(3), 520-533.

Hope, A. C. (1968). A simplified Monte Carlo significan-
ce test procedure. Journal of the Royal Statistical 
Society, 30, 582-598.

Hunter, L. (2011). Carnivores of the world.Oxford: Prin-
ceton & Oxford.

Hutton, L. R. (1985). Habitat selection by nonbree-
ding migratory land birds. In M. L. Cody (Ed.), 
Habitat selection in birds (pp. 455-476). Florida: 
Academic Press.

Kelly, M., Noss, A., Di Bitetti, M., Maffei, L., Arispe, 
R., Paviolo, A., & Di Blanco, Y. (2008). Estimating 
puma densities from camera trapping across three 
study sites: Bolivia, Argentina and Belize. Journal of 
Mammalogy, 89, 408-418.

Krauman, R. P. (1999). Some basic principles of habitat 
use, grazing behavior of livestock and wildlife. Wild-
life and Range Experiment Station Bulletin,70, 85-90.

Laundre, J. & Hernández, L. (2010). What we know about 
Pumas in Latin America. In M. Hornoker & S. Negri 
(Eds.), Cougar, Ecology and Conservation (pp. 760). 
Chicago: University of Chicago Press.

Lazcano-Barrero, M. A., March, J., Núñez, H., Ruelas, E., 
Muñoz-Alonso, A., & Martínez, R. (1992). Inventa-
rio faunístico de la Reserva El Eden, Quintana Roo: 
Una prospección. San Cristóbal de Las Casas, Chia-
pas: ECOSFERA A. C.

Lira, T. I., & Naranjo, E. (2003). Abundancia, preferencia 
de hábitat e impacto del ecoturismo sobre el puma 
y dos de sus presas en la Reserva de la Biósfera El 
Triunfo, Chiapas, México. Revista Mexicana de Mas-
tozoología, 7, 20-39.

Logan, K. A., & Swenor, L. L. (2001). Desert puma. USA: 
Island press.

Ludwing, J., & Reynolds, J. (1988). Interspecific Asso-
ciation. In J. Ludwing & J. Reynoldseds (Eds.), 
Statistical Ecology. A primer on methods and com-
puting a wiley (pp. 107-144). New York: Interscience 
Publication.

Mandel, M., & Betensky, R. (2008). Simultaneous con-
fidence intervals based on the percentile Bootstrap 
Approach. Computational Statistics Data Analysis, 
52(4), 2158-2165.

Mcloughlin, D. P., Morris, D. W., Fortin, D., Wal. E. V., 
& Contasti, A. L. (2010). Considering ecological 
dynamics in resource selection functions. Journal of 
Animal Ecology, 79, 4-12.

Monroy-Vilchis, O., Rodríguez-Soto, C., Zarco-González, 
M., & Urios, V. (2009). Cougar and jaguar habitat 
use and activity patterns in Central Mexico. Animal 
Biology, 59, 145-157.



90 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(1): 78-90, March 2018

Monroy-Vilchis, O., & Soria-Díaz, L. (2013). Ecología de 
Puma concolor en la Sierra Nanchititla. Estado de 
México, México: Universidad Autónoma del Estado 
de México.

Monroy-Vilchis, O., Zarco-González, M., Rodríguez-Soto, 
C., Soria-Díaz, L., & Urios, V. (2011). Fototrampeo 
de mamíferos en la Sierra de Nanchititla, México: 
abundancia relativa y patrón de actividad. Revista 
Biología Tropical, 59(1), 373-383.

Navarro, C. J., Ramolina, J. F., & Pérez, J. J. (2007). El 
jaguar en Yum Balam y el Norte de Quintana Roo. 
In G. Ceballos, C. Chávez, R. List & H. Zarza 
(Eds.), Conservación y manejo del jaguar en Méxi-
co: estudio de caso y perspectivas de conservación 
(pp. 123-132). Ciudad de México, México:Comisión 
Nacional para el Uso de la Biodiversidad-Alianza 
World Wildlife Found-Telcel-Universidad Nacional 
Autónoma de México.

Núñez, R., Miller, B., & Lindzey, F. (2002). Ecología del 
jaguar en la reserva de la biosfera Chamela- Cuixma-
la, Jalisco, México. In R. A. Medellin, C. Equihua, C. 
L. B. Chetkiewizc, P. G. Craeshaw, A. Rabinowitz, 
K. H. Redford, J. G. Robinson, E. W. Sanderson, & 
A. B. Taber (Eds.), El jaguar en el nuevo milenio 
(pp. 107-126). Distrito Federal, México: Univer-
sidad Nacional Autónoma de México y Wildlife 
Conservation Society.

Ridout, M. S., & Linkie, M. (2009).Estimating overlap of 
daily activity patterns from camera trap data. Jour-
nal Agriculture Biology Enviromental Statatistical, 
14, 322-337.

Ripple, W., & Beschta, R. (2006). Linking a cougar decli-
ne, trophic cascade, and catastrophic regime shift in 
Zion National Park. Biological Conservation, 133, 
397-400.

Rodríguez-Soto, C., Hernández-Téllez, M., & Monroy-
Vilchis, O. (2013). Distribución y uso del hábitat de 
Puma concolor en la Sierra Nanchititla, México. In 
O. Monrroy-Vilcis., & L. Soria-Díaz (Eds.), Ecología 
de Puma concolor en la Sierra Nanchititla, México 
(pp. 47-63). Estado de México: Universidad Autóno-
ma del Estado de México. 

Romero-Muñoz, A., Maffei, L., Cuéllar, E., & Noss, A.J. 
(2010). Temporal separation between jaguar and 

puma in the dry forests of southern Bolivia. Journal 
of Tropical Ecology, 26(3), 303-311.

Schultz, G. (2003). Structure and Diversity of the Forests 
at the El Eden Ecological Reserve. In A. Gómez-
Pompa, M. F. Allen, S. Fedick & J. Jiménez-Osorio 
(Eds.), The Lowland Maya Area. Three Millennia at 
the Human-Wildland Interface (pp. 91-114). New 
York: The Haworth Press. 

Scognamillo, D., Maxit, I. E., Sunquist, M., & Polisar, J. 
(2003). Coexistence of jaguar (Panthera onca) and 
puma (Puma concolor) in a mosaic landscape in the 
Venezuela llanos. Journal of Zoology, 259, 269-279.

Siegel, S., & Castellan, N. J. (1988). Nonparametric 
statistics for the behavioral sciences. New York: 
McGraw-Hill.

Sileshi, G. (2008). The excess-zero problem in soil animal 
count data choice of appropriate models for statistical 
inference. Pedobiología, 52, 1-17.

Sweanor, L., Logan, K., Bauer, J. W., Millsap, B., & Boyce, 
W. M. (2008). Puma and human spatial and temporal 
use of a popular California State Park. Journal of 
Wildlife Management, 72, 1076-1084.

Whelan, R. J., Rodgerson, L., Dickman, C. R., & Suther-
land, E. F. (2002). Critical life cycles of plants and 
animals: developing a process-based understanding 
of population changes in fire-prone landscape. In R. 
A. Bradstock, J. E. Williams, & A. M. Gill (Eds.), 
Flammable Australia: The fire Regimes and bio-
diversity of a Continent (pp. 94-124). Cambridge: 
Cambridge University Press.

Zarco-González, M., Monroy-Vilchis O., & Alaníz, J. 
(2013). Spatial model of livestock predation by 
jaguar and puma in Mexico: conservation planning. 
Biological Conservation, 159, 80-87.

Zarco-González, M., Monroy-Vilchis, O., Rodríguez-
Soto, C., & Urios, V. (2012). Spatial factors and 
management associated with livestock predations by 
Puma concolor in central Mexico. Human Ecology, 
40, 631-638.

Zarco-González, M. M., & Monroy-Vilchis, O. (2014).
Effectiveness of low-cost deterrents in decreasing 
livestock predation by felids: case in Central Mexico. 
Animal Conservation, 17, 371-378.


