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Abstract

Coexistence of jaguars (Panthera onca) and pumas (Puma concolor) in a tropical forest in south—eastern
Mexico. The biological ranges of the jaguar (Panthera onca) and puma (Puma concolor) overlap in the Yu-
catan Peninsula, corresponding to the most important population of jaguars in Mexico. The goal of this study
in the El Eden Ecological Reserve (EER) was to investigate the factors that permit these two predators to
coexist in the dense vegetation of medium—stature tropical forest and secondary forest in the north—eastern
Yucatan Peninsula. We assessed their spatial and temporal overlap using Pianka’s index, and evaluated their
habitat use by applying occupancy models. A total sampling effort of 7,159 trap—nights over 4 years produced
142 independent photographic records of jaguars, and 134 of pumas. The felids showed high to very high
overlap in their use of different vegetation (0.68—0.99) and trail types (0.63-0.97) and in their activity patterns
(0.81-0.90). However, their peak activity patterns showed some temporal separation. Time of day, particularly
for peak activity time, was the best predictor to explain the coexistence of the felids in this habitat. While
occupancy models showed that the presence of potential prey species and vegetation type could predict the
presence of felids in the study area. Natural disturbances during 2010 (hurricane) and 2011 (fire) drastically
changed habitat use and activity patterns, resulting in pumas and jaguars adjusting their resource—use and
activity pattern through a strategy of mutual evasion.

Keys words: Big cats, Activity pattern, Habitat use, Prey, Occupancy models

Resumen

Coexistencia del jaguar (Panthera onca) y el puma (Puma concolor) en un bosque tropical del sureste de Mé-
xico. La distribucion del jaguar (Panthera onca) y el puma (Puma concolor) se superponen en la Peninsula de
Yucatan, donde se encuentra la poblacién mas importante de jaguares en México. El objetivo de este estudio,
realizado en la Reserva Ecoldgica El Eden, fue estudiar los factores que permiten que estos dos depredadores
coexistan en la densa vegetacion de la selva mediana tropical y los bosques secundarios del noreste de la
peninsula de Yucatan. En el estudio se evalu6 la superposicion en el tiempo y el espacio utilizando el indice
de Pianka y se analizo el uso que hacen del habitat estas dos especies mediante modelos de ocupacion. Un
esfuerzo de muestreo total de 7.159 noches/trampa durante cuatro afios produjo 142 registros fotograficos
independientes de jaguares y 134 de pumas. Los félidos mostraron una superposicion alta o muy alta en el uso
de vegetacion (0,68—0,99) y los tipos de senderos (0,63—0,97) y en sus patrones de actividad (0,81-0,90). Sin
embargo, sus picos de actividad muestran una cierta separacién temporal. EIl momento del dia, en particular
para los picos de actividad, fue el factor que mejor explicaba la coexistencia de los félidos en este habitat.
Los modelos de ocupacion mostraron que la presencia de presas potenciales y el tipo de vegetaciéon podrian
predecir la presencia de félidos en la zona del estudio. Las perturbaciones naturales acaecidas durante 2010
(huracan) y 2011 (incendio) cambiaron drasticamente el uso del habitat y los patrones de actividad de forma
que los pumas vy los jaguares adaptaron el uso de los recursos y sus patrones de actividad mediante una
estrategia de evasion mutua.

Palabras clave: Grandes felinos, Patron de actividad, Uso del habitat, Presas, Modelos de ocupacién
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Introduction

Jaguars (Panthera onca) and pumas (Puma concolor)
occur sympatrically in their neotropical ranges, with
both species experiencing continued range contrac-
tions resulting from habitat loss and fragmentation,
and anthropogenic activites including direct perse-
cution (Sanderson et al., 2002; Scognamillo et al.,
2003). Most jaguar studies focus on their central
and southerly populations, and tropical biomes,
while their more northerly populations in the Yucatan
Peninsula in south—eastern Mexico are poorly known
(Faller et al., 2007; Chavez, 2010). Pumas have been
widely studied throughout the most northerly parts
of their range, particularly temperate and continental
parts of the USA and Canada, but little is known
of their tropical (Foster et al., 2010a) and Mexican
populations (Monroy—Vilchis and Soria—Diaz, 2013).
Furthermore, the majority of coexistence studies on
these felids are from humid tropical and sub—tropical
forests (Nufiez et al., 2002; Scognamillo et al., 2003;
Foster et al., 2010a; Faller et al., 2007) and semiarid
regions (Astete et al., 2017; Gutierrez—Gonzalez and
Lépez—Gonzalez, 2017).

The coexistence of two similar—sized carnivores
has stimulated research into the mechanisms that
allow them to partition resources, including special-
ization in their temporal and spatial use of prey or
habitats (Carothers and Jaksic, 1984; Linnel and
Strand, 2000; Donadio and Buskirk, 2006; Foster et
al., 2013). Complex interactions between coexisting
jaguars and pumas are related to their habitat and
prey use (Woodroffe, 2001; Scognamillo et al., 2003;
Foster et al., 2010a, 2010b; Sollman et al., 2012).
Evidence to support this includes their differential use
of vegetation, particular densely vegetated habitats
(Hanski, 1994; Creel and Creel, 1996; Durant, 1998;
Fedriani et al., 1999; Maffei et al., 2004; Chavez,
2010; Di Bitetti et al., 2010; Foster et al., 2013) and
temporal differences that facilitate evasion (Aranda
and Sanchez—Cordero, 1996; Romero—Mufoz et al.,
2010) such as different activity regimes to help avoid
conflict (Paviolo et al., 2009; Di Bitetti et al., 2010;
Foster et al., 2013; Hérnandez—Saint Martin et al.,
2013; Avila-Najera et al., 2016). Examples of dietary
specialization include the dominant species —usually
considered to be the jaguar (Sollman et al., 2012)—
selecting larger prey, and changes to niche breadth
seen from differential prey selection by size, age and
taxa (Gittleman, 1985; Aranda, 1994; Karanth and
Sunquist, 1995; Aranda and Sanchez—Cordero, 1996;
Taber et al., 1997; Karanth and Nichols, 1998; Nunez
et al., 2000; Scognamillo et al., 2003; Chavez, 2010;
Di Bitetti et al., 2010; Foster et al., 2013).

The many small reserves and protected areas
in the Yucatan Peninsula, Mexico, form patches of
interconnected natural habitat (Pozo et al., 2011)
where sympatric jaguar and puma populations occur
in a landscape mosaic dominated by semi—natural
environments and human activity (Zarza et al., 2007).
Camera traps are increasingly used in ecological and
behavioural studies of large nocturnal predators that
roam widely over their extensive home ranges (Nufez

etal., 2002; Chavez, 2010; Foster et al., 2013). In the
present study we used camera trap evidence to inves-
tigate which factors permit jaguar and puma to coexist
in the tropical forest of the El Eden Ecological Reserve
(EER) in the north—eastern Yucatan Peninsula. We
assessed the degree of overlap in their resource—use
(spatial and temporal) and applied occupancy models
(MacKenzie et al., 2006) to evaluate how differences
in their habitat use and activity regimes allow them
to coexist. We tested the hypotheses that different
habitat components directly affect the temporal and
spatial occurrence of jaguars and pumas, and that
flexibility in their daily activity patterns and habitat use
allow them to minimize their interactions with each
other, and avoid direct competition.

Material and methods
Study area

The EI Eden Ecological Reserve covers an area of
3,077 ha of the northernmost tropical forests of North
America, and is congruent with the larger Yum Balam
Protected Area (Navarro et al., 2007) (fig. 1E). It con-
sists mainly of medium stature tropical forest (MSTF)
with secondary forest (acahual) being the dominant
tree species described (Schultz, 2003).

Fieldwork

Camera traps operating 24 h/d were deployed in July—
September 2008, October—December 2010, May—July
2011, and August—November 2012 (Cuddeback
expert, Capture, Capture IR, Moultrie and Wildview),
and images were downloaded every 15 days. Traps
were sited using the Mexican National Census of the
jaguar and its prey design (CENJAGUAR) (Chavez et
al., 2007), with up to three cameras placed 1.5-3 km
apart in 9 km? plots. At least one site per plot had
paired cameras to capture images of both sides of any
animal that triggered the trap. Cameras were placed
along forest paths, firebreaks and minor roads, and
were re—positioned each year across the two domi-
nant vegetation types (MSTF and seconday forest),
as shown in figure 1A-1D.

Camera trap analysis

We identified individual jaguars by their coat patterns
and markings, and pumas by their scars, coloration
patterns, and body shape (Kelly et al., 2008). Pho-
tographs were grouped by trap site to perform the
analyses. Photographs were considered as inde-
pendent events (1) when the same individual was
photographed again more than 30' later, (2) when
different individuals could be distinguished in consecu-
tive photos, (3) when several individuals were clearly
identifiable in a single photo and (4) when individuals
could not be identified in consecutive photos, in which
case a new event was recorded after 3 h (Avila-Na-
jera et al., 2016). All records were placed into one of
three time classes: nocturnal (20:00—06:00 h), diurnal
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(08:00-18:00 h) or crepuscular (06:00-08:00 h and
18:00-20:00 h) (Gémez et al., 2005).

Any cameras > 1.5 km apart were considered as
independent sampling units, and assumed to be equa-
lly accessible to all felids. The cameras were grouped
by vegetation type (MSTF and secondary forest) and
site characteristics (forest path, firebreak or road).

Statistical analyses

The overlap in activity pattern and habitat use was
estimated via Pianka's Index (Pianka, 1973), where
0 indicates no overlap and 1 is complete overlap in
resource use. All tests and graphics were calculated
using the R statistical package (version 3.1.0).

To understand changes or differences in the pro-
portion of sites occupied by jaguars and pumas, the
imperfect detection of these species had to be taken
into account as this can result in some occupied
sites appearing to be unoccupied. We estimated
the probability of occupancy (w) and detection (p) of
jaguar and puma based on their detection rates from
the 70 sampling days in 2008 and 2012. These data
were used to run occupancy models for each species
and each sampling period or year (MacKenzie et al.,
2006). The models that we considered assume that
occupancy was either constant across sites y or
varied by site according to the variables y (type of
prey, prey interactions, co—predators, vegetation type
or trail type). Detectability was either constant across
both years and sites or varied according to features
of the camera trap site (path type, vegetation type or
co—predators). Final model selection used Akaike's
Information Criteria for small sample size (AlCc)
to identify the most parsimonious model, balancing
model fit and parameter precision, where models with
lower AICc are considered best.

It should be mentioned that the reserve was affec-
ted by a hurricane in September 2010 and by a fire
that occurred outside EER in May 2011. The results
reported therefore take these changes into account
in the environment.

Results
A total sampling effort of 7,159 trap nights over the
four years produced 142 independent photographic

records of jaguars and 134 of pumas.

Habitat use by felids

During the study most jaguars were recorded in
secondary forest (80%) as seen in 2008, 2010 and
2012 (95 %, 62 % and 75 % respectively), although the
majority of sightings in 2011 were from MSTF (71 %).
The only significant differences in jaguar habitat use
were seen in 2008 (y?>= 21.88, p < 0.05) and 2011
(x?=159.98, p < 0.05). Pumas occurred in both forest
types, and used secondary forest and MSTF roughly
equally in 2008 (54 % and 46 % respectively), but were
seen more often in MSTF in 2010 and 2011 (75%
and 53 % respectively) and more often in secondary

forestin 2012 (78.6 %). The only significant differenc-
es in puma habitat use occurred in 2008 (y? = 8.22,
p = 0.02) and 2011 (y?>= 159.9, p < 0.05).

More jaguars were seen on roads (67 %—88 %)
than on forest paths (20%) or firebreaks (13 %),
and difference in the type of trail used by jaguars in
2008 was significant (y?=36.88, p < 0.05) and 2011
(y?=228.76, p < 0.05). However, pumas were mainly
seen on forest paths (46 %—75 %) and roads (44 %),
with only 10 % recorded on firebreaks. In 2012, only
21% of puma records were from forest paths. There
was a significant difference in the type of trail used
by pumas in 2011 (y?= 228.76, p < 0.005) and 2012
(x?=9.10, p = 0.03).

Activity patterns of felids

Both felids were predominantly crepuscular—noctur-
nal (jaguar 69% and pumas 64 %) although about
a third of all sightings were diurnal (fig. 2). Their
activity patterns differed between the years, with
less nocturnal and more diurnal activity in 2010, and
predominantly nocturnal jaguar activity (86 %) with no
crepuscular sightings in 2011, compared with 48 %
nocturnal and 17 % crepuscular records for puma.
There were significant differences in in the activity
patterns of jaguars in 2011 (y?> = 176.67, p > 0.00)
and 2012 (y?>=1.32, p > 0.01) and of pumas in 2008
(¥?=1053.77, p > 0.00), 2011 (y?>= 176.67, p > 0.00)
and 2012 (y?>> 1053.77, p > 0.00).

Spatial and temporal overlap of felids

The felids showed a high to very high overlap in
the use of vegetation and path types (0.63-0.99),
particularly in 2011 and 2012. There was also a very
high overlap in the their activity patterns (0.81-0.90)
in most years (table 1).

Occupancy models

The best occupancy model for pumas was in 2008
(0.68 with 0.30-0.88 Cls, and an AIC of 234.76 and
AIC Wagt of 0.96), and was mainly explained by the
presence of collared pecaries and by vegetation type
(table 2). However, pumas were also affected by
the presence of jaguars, which when included as a
variable, produced a model for 2012 which had the
lowest AIC value (184.17).

However, for both years and all variables selected,
none of the models or variables (AIC, AAIC and AIC
Wagt) predicted the presence of jaguar in the El Eden.
The models with the lowest AIC are shown in table 2.
However, the AAIC values showed no difference bet-
ween the models.

Discussion

Habitat use by felids

Jaguars were seen on all trail types but were more
frequently seen on roads, while pumas used paths,
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Fig. 1. Camera trapping stations (black circles) at the El Eden Ecological Reserve, Quintana Roo, Mexico
plotted by year of study with the major vegetation types: A, 2008; B, 2010; C, 2011; D, 2012.

Fig. 1. Estaciones de trampeo con camaras (circulos negros) en la Reserva Ecoldgica El Edén, en Quintana
Roo, México, por afio de estudio con los principales tipos de vegetacion: A, 2008; B, 2010; C, 2011; D, 2012.

firebreaks and roads according to availability, although
this changed following the fire. In other studies, ja-
guars frequently use roads because they facilitate
movement and scent marking (Maffei et al., 2004),
although male jaguars are more likely to use roads
than females (Conde et al., 2010; Maffei et al., 2011).
Pumas also take advantage of roads to move around
their home ranges, but the proximity to fire damage

combined with the high presence of co—predators like
jaguars may have made them less favorable to pumas
in 2011. Normally the roads in EER have little human
traffic, but the fire in 2011 resulted in firefighters and
people hired to put out the fires frequently travelling
on the roads and around the reserve, creating high
levels of disturbance. The secondary forest surroun-
ding many roads in EER is extremely dense, so
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Table 1. Overlap in resource use (Pianka Index) between jaguars (Panthera onca) and pumas (Puma
concolor) in the El Eden Ecological Reserve, Quintana Roo, Mexico: Cl, confidence interval.

Tabla 1. Superposicion en el uso de recursos (indice de Pianka) entre el jaguar (Panthera onca) y el puma
(Puma concolor) en la Reserva Ecolégica El Edén, en Quintana Roo, México: Cl, intérvalo de confianza.

Median overlap Cl Cl
(Pianka's Index) SD 2.5% 97.5%
Vegetation type 2008 0.68 0.11 0.45 0.87
2010 0.75 0.18 0.35 1.00
2011 0.90 0.10 0.64 1.00
2012 0.99 0.01 0.95 1.00
Path type 2008 0.63 0.11 0.40 0.83
2010 0.76 0.17 0.35 0.99
2011 0.90 0.10 0.64 1.00
2012 0.97 0.03 0.89 1.00
Activity pattern 2008 0.90 0.07 0.73 0.99
2010 0.88 0.11 0.59 1.00
2011 0.81 0.11 0.56 0.96
2012 0.88 0.08 0.71 0.99
Two—hour time periods 2008 0.67 0.10 0.46 0.85
2010 0.28 0.14 0.04 0.60
2011 0.28 0.15 0.04 0.61
2012 0.64 0.10 0.43 0.83

roads are highly likely to be used by both felids, as
is common in other parts of their range (Dickson and
Beier, 2002; Harmsen et al., 2010; Rodriguez—Soto
et al., 2013), although pumas generally prefer small
paths with high tree cover elsewhere in Mexico (Lira
and Naranjo, 2003).

Although we observed changes in the jaguars
use of resources, secondary forests were used
consistently to a greater or lesser extent over the
study period. In more humid tropical forests, dense
horizontal and vertical vegetation cover is thought
to be essential for their permanency (Scognamillo
et al.,, 2003; Conde et al., 2010), but while both
forms of vegetation are present in EER they were
not significant factors in the occupancy models.
After the fire in 2011, the area immediately around
the perimeter was damaged and cameras recorded
less activity; both species are known to be sensitive
to changes in the level of human activity, and prey
and co—predator abundance (Carrillo, 2000; Novack
et al., 2005; Haines, 2006; McLoughlin et al., 2010;
Foster et al., 2013). Environmental changes following
natural or anthropogenic disturbances are therefore
likely to effect the interactions between puma and
jaguar, and may result in changes in behaviour and
resource use.

Activity patterns of felids

Jaguars in the ElI Eden were active 24 h/d although
they were mainly crepuscular and nocturnal, with
most activity occurring early in the morning, as in the
southern Yucatan Peninsula (Chavez et al., 2007).
We observed two nocturnal activity peaks, and most
crepuscular activity occurred around dusk. Jaguars’
activity patterns vary across their range and are
thought to be influenced by the activity patterns of
their prey (Carrillo, 2000; Scognamillo et al., 2003).
For example, some jaguars are predominatly diurnal
(Rabinowitz and Nottingham, 1986; Alvarez—Castafie-
da and Patton, 2000; Maffei et al., 2004; Harmsen et
al., 2009; Maffei et al., 2011; Foster et al., 2013) and
least active at midnight (Maffey et al., 2004) as are
their most important prey such as Mazama sp. and
Tayassu sp. (Barrientos and Maffei, 2000).

Pumas at EER were also active 24 h/d, and they
were mainly cathemeral. There was a strong positive
association between peak puma activity and that of
their main prey (nine-banded armadillos, collared
peccaries and red brocket deer) and a negative
temporal association with jaguars, suggesting a
possible copredator evasion strategy (Avila—Najera
et al., 2018b). Similar activity patterns have been
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Table 2. Occupany models for jaguar (Panthera onca) and puma (Puma concolor) in the El Eden
Ecological Reserve, Quintana Roo, Mexico in 2008 and 2012: AIC, Akaike's information criteria for
small sample sizes; @, occupancy probability; p, detection probability.

Tabla 2. Modelos de ocupacion del jaguar (Panthera onca) y el puma (Puma concolor) en la Reserva
Ecoldgica El Edén, en Quintana Roo, México en 2008 y 2012: AIC, criterio de informacion de Akaike
para muestras pequenas; y, probabilidad de ocupacion; p, probabilidad de deteccion.

Year Predictor variables

AIC  AAIC AIC Wgt

Jaguar

2008  y(white tailed deer), p(vegetation)

233.7 0.00 0.24

W(puma), p(vegetation)

233.7 0.07 0.23

y(pecari), p(vegetation)

234.63 0.93 0.15

Y(red brocket deer), p(vegetation)

23491 121 0.13

2012  Y(coati*white tailed deer*red brocket deer*pecari), p(vegetation)

300.35 0.00 0.37

Y(.), p(vegetation)

301.41 1.06 0.22

Y(.), p(trail)

301.41 1.06 0.22

¥(). p()

302.92 2.57 0.10

Puma

2008 W(pecari), p(vegetation)

234.76  0.00 0.96

Y(.), p(type_trail)

24152 6.76 0.03

Y(.), p(vegetation)

24152 6.76 0.03

Y(coati+armadillo + opossum +white tailed deer+red brocket deer+pecari), p(vegetion)

259.25 24.49 0.00

Y(.), p(jaguar)

261.79 27.03 0.00

¥(), p()

265.22 30.46 0.00

2012  ¥(.), p(jaguar)

184.17 0.00 0.45

Y(vegetation), p(jaguar)

186.17 2.00 0.16

Y(coati*white tailed deer*red brocket deer*pecari), p(jaguar)

186.17 2.00 0.16

Y(red brocket deer), p(jaguar)

186.17 2.00 0.16

Y(pecari+red brocket deer+white tailed deer), p(jaguar)

190.74 6.00 0.02

w(), p()

reported in other Mexican studies (Hernandez—Saint
Martin et al., 2013). However, in other parts of their
range pumas are predominantly crepuscular with
peak activity between 02:00 and 10:00 h (Hernan-
dez—Saint Martin et al., 2013) and in a tropical forest
in the south of Mexico, pumas are more diurnal and
jaguars are nocturnal (De la Torre et al., 2017). Other
studies show a negative influence of human activity
on puma activity (Chavez, 2010; Foster et al., 2010;
Rodriguez—Soto et al., 2013). Pumas have become
more nocturnal in order to avoid human contact and
as a result of human impact are absent or considered
to be endangered in parts of Mexico where they used
to be abundant (Chavez, 2010). To ensure their sus-
tainable and long—term survival. We therefore need to
understand how best to conserve them in protected
areas like EER in the south of Mexico.

Spatial and temporal overlap of felids

This camera trapping survey of sympatric jaguar and
puma populations in the ElI Eden found evidence of
their coexistence in a relatively small reserve con-
sisting mainly of MSTF in North Eastern Yucatan.
Despite the high degree of overlap in both habitat
and resource—-use, there were some differences in
peak activity times and association with other species,
including a jaguar evasion strategy by pumas. This
has also been seen in their sympatric populations in
tropical areas (Scognamillo et al., 2003; Di Bitetti et
al., 2010) and between other coexisting large felids
(Ramesh et al., 2012). The differences between ha-
bitat use over the four years in EER also suggests
flexibility in how they use shared resources, and in-
cludes changes in habitat-use following disturbances
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Fig. 2. Activity patterns of jaguars (Panthera onca) and pumas (Puma concolor) based on camera trap
records from the El Eden Ecological Reserve, Quintana Roo, Mexico, plotted by study year (2008, 2010,

2011 and 2012).

Fig. 2. Patrones de actividad del jaguar (Panthera onca) y el puma (Puma concolor) basada en regis-
tros de camaras en la Reserva Ecoldgica El Edén, en Quintana Roo, México por afio de estudio (2008,

2010, 2011 y 2012).
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such as Hurricane Karl in September 2010 and a fire
around the reserve in May 2011.

Occupancy model

The environmental variables that influence the presen-
ce of the jaguar and its resource—use patterns vary
across its range. In Belize, Davis et al. (2010) found
that jaguars were positively associated with canopy
height, length of trails and the presence of small
birds and large mammals. However, in the El Eden,
the year of study had a significant impact on all the
models tested. Sightings of all species in the El Eden
decreased following the disturbances in 2010 and
2011, and may in part explain this effect. However in
The Reserve, distance to water bodies did not affect
jaguar or puma occurrence because water is available
throughout the year and is not a limiting factor, unlike
in other parts of their range (Davis et al., 2010). In
addition, secondary forest was positively associated
with jaguar sightings. This is probably because many
of the roads are in the secondary forest, where jaguars
can move more easily and hence find prey, as seen
by Davis et al. (2010) in Belize.

Another strong predictor of puma and jaguar pre-
sence in the study was the activity pattern and spatial
overlap of prey species (Avila-Najera et al., 2016).
Similarly important prey occur throughout the jaguar’s
geographic range (Ceballos et al., 2005; Chavez et
al., 2007; Davis et al., 2010; Harmsen et al., 2010;
Romero—Mufioz et al., 2010).

In the EI Eden, the most frequently recorded spe-
cies in the camera traps during the study, for example
in 2011, were humans (unpublished data), and human
activity was a significant negative factor in predicting
jaguar and puma sightings, agreeing with similar fin-
dings by Davis et al. (2010). Many researchers have
noted the negative impact of humans on the presence
of jaguars, and there is evidence of significant hunting
and poaching in the Calakmul region of the Yucatan
(Ceballos et al., 2005). In addition, subsistence hun-
ting depletes prey availablity because hunters favour
the same species as the felids (Chavez, et al 2007;
Avila—Néjera et al., 2011; Foster et al., 2014).

Predators select habitats as a result of the complex
interactions between factors including their population
density and the presence of other predators, as well
as the abundance and diversity of prey and the level
of human activity (Hojnowski et al., 2012; Foster et
al., 2014). In EER, slight differences in peak activity
time, and dietary preferences (Avila—Najera et al.,
2018a, 2018b) facilitate the coexistence of two large
predators despite the high overlap in their resource
use. Studies in other ecosystems have also reported
differential habitat use by coexisiting predators (Jon-
son et al., 1980; Davis et al., 2010; Sollmann et al.,
2012) along with a positive dependence upon each
other (Gutierrez—Gonzalez and Lépez—Gonzalez,
2017). However, this has not been previously report-
ed for these felids in Mexico, which generally show
complete overlap in their habitat—use and diet in dry
deciduous tropical forest in western Mexico (Nufez
et al., 2002).

None of the variables used in the occupancy
models were able to predict the presence of jaguar
in the reserve. This may suggest that they use it as
a corridor to travel between larger reserves, since
they require extensive areas of home range, and the
protected natural areas and surrounding areas serve
as important biological corridors that encourage biodi-
versity conservation (Dominguez, 2009). In contrast,
in 2008, puma occupancy was dependent on one of
its main prey, the collared peccary, although the 2012
model depended on both its copredator (which it avoi-
ded) and prey abundance. All the occupancy models
tested suggest that pumas are occasional residents in
the EER, and that their presence is associated with
that of their prey, such as peccaries. However, this
remains untested.

In conclusion, the factors that allow jaguars and
pumas to coexist in EER are the differences in their
activity patterns, especially their peak activity times,
as well as their diets (the latter tested in a previous
investigation within the reservation), as reported in
previous studies from similar habitats in this region.
However, natural perturbations like hurricanes and
fire triggered changes in the habitat use and activity
pattern of both felids. This showed that they were able
to modify their behaviour and the level of interaction
in order to avoid contact with each other. However,
several aspects require deeper analysis, such as
individual interactions between males and females
of the same species or co—predators.

Acknowledgements

We thank Marco Antonio Lazcano for allowing us
access to the facilities at the EI Eden, Kathy Cabrero
of the Center of Tropical Research, at the Universidad
Veracruzana, Erik Torres, Juan Castillo, Alejandro
Pacheco, Brady Hollinsgworth and other staff and
volunteers at Global Vision International for support
with fieldwork at the El Eden Ecological Reserve. The
study was funded by the Mexican National Council of
Science and Technology (CONACYT) doctoral grant
number 211454 awarded to Dulce Maria Avila Najera,
and Project Financing Promep grant 54310009 to
Cuauhtémoc Chavez (UAM—PTC-333).

References

Alvarez—Castafieda, S. T., Patton, J. L., 2000. Ma-
miferos del Noroeste de México Il. Centro de
Investigaciones Bioldgicas del Noroeste. La Paz,
Baja Californi Sur.

Aranda, M., 1994. Importancia de los pecaries (Ta-
yassu sp.) en la alimentacion del jaguar (Panthera
onca). Acta Zoologica Mexicana, 62: 11-22.

Aranda, M., Sanchez—Cordero, V., 1996. Prey spec-
tra of sympatric jaguar Panthera onca and puma
Puma concolor at the Calakmul Biosphere Reserve,
Campeche, Mexico. Studies on Neotropical Fauna
Environment, 31: 43-45.

Astete, S., Marinho—Filho, J., Kajin, M., Penido, G.,



64

Avila—Najera et al.

Zimbres, B., Sollmann, R., Jacomo, A. T. A., To-
rres, N. M., Silveira, L., 2017. Forced neighbours:
Coexistence between jaguars and pumas in a
harsh environment. Journal of Arid Environments,
146: 27-34.

Avila—Néjera, D. M., Chavez, C., Barreto, M. A., Men-
doza, G. D., Pérez—Elizalde, S,. 2016. Patrones
de actividad y traslape entre grandes felinos y sus
principales presas en el norte de Quintana Roo,
México. THERYA 7(3): 439-448.

Avila—Néjera, D. M., Chavez, C., Pérez—Elizalde, S.,
Guzman-Plazola, R. A., Mendoza, G. D., Lazcano—
Barrero, M. A., 2018b. Ecology of Puma concolor
(Carnivora: Felidae) in a Mexican tropical forest:
adaptation to environmental disturbances. Journal
of Tropical Ecology, 66(1): 78-90.

Avila—Najera, D. M., Palomares, F., Chavez, C., Tigar,
B., Mendoza, G. D., 2018a. Jaguars (Panthera onca)
and pumas (Puma concolor) diet in Quintana Roo,
Mexico. Animal Biodiversity and Conservation, 41(2):
257-266, https://doi.org/10.32800/abc.2018.41.0257

Avila-Najera, D. M., Rosas—Rosas, O., Tarango—
Arambula, L., Martinez—Montoya, J. F., Santoyo—
Brito, E., 2011. Conocimiento, uso y valor cultural
de seis presas del jaguar (Panthera onca) y su
relacion con éste, en San Nicolas de los Montes,
San Luis Potosi, México. Revista Mexicana de
Biodiversidad, 82: 1020-1028.

Barrientos, S., Maffei, L., 2000. Radio—telemetria de
la hurina Mazama gouazoubira en el campamento
Cerro Cortado, Izozog, Santa Cruz, Bolivia. In:
Manejo de fauna silvestre en Amazonia y Latino-
america. Asuncion: CITES Paraguay: 369-372 (E.
Cabrera, C. Mercolli, R. Resquin, Eds.). Fundacién
Moises Bertoni, University of Florida. Florida.

Carothers, J. H., Jaksic, F. M., 1984. Time as a niche
difference: the role of interference competition,
Oikos, 42: 403-406.

Carrillo, E., 2000. Ecology and conservation of white—
lipped peccaries and jaguars in Corcovado National
Park, Costa Rica. PhD dissertation, University of
Massachusetts, Massachusetts.

Ceballos, G., Chavez, C., Zarza, H., Manterola, C.,
2005. Ecologia y conservacion del jaguar en la
region de Calakmul. CONABIO. Biodiversitas,
62: 1-7.

Chavez, C., 2010. Ecologia y conservacion del jaguar
(Panthera onca) y puma (Puma concolor) en la
region de Calakmul y sus implicaciones para la
conservacion de la Peninsula de Yucatan. PhD
thesis, Universidad de Granada, Espana.

Chavez, C., Ceballos, G., Amin, M., 2007. Ecologia
poblacional del jaguar y sus implicaciones para su
conservacion en la Peninsula de Yucatan. In: Con-
servacion y Manejo del Jaguar en México, estudios
de caso y perspectivas: 91-100 (G. Ceballos, C.
Chavez, R. List, H. Zarza, Eds.). CONABIO, UNAM,
Alianza WWEF, Telcel, Distrito Federal.

Conde, D. A., Colchero, F., Zarza, H., Christensen, N.
L., Sexton, J. O., Manterola, C., Chavez, C., Rivera,
A., Azuara, D., Ceballos, G., 2010. Sex matters:
modeling male and female habitat differences for
jaguar conservation. Biological Conservation, 143:

1980-1988.

Creel, S., Creel, N. M., 1996. Limitation of African
wild dogs by competition with large carnivores.
Conservation Biology, 10: 526-538.

Davis, L., Kelly, M., Stauffer, D. F., 2010. Carnivore
co—existence and habitat use in the Mountain Pine
Ridge Forest Reserve, Belize. Animal Conserva-
tion, 4:56-65.

De la Torre, A., Nufez, J. M., Medellin, R., 2017. Spa-
tial requeriments of jaguar and pumas in Southern
Mexico. Mammalian Biology, 84: 52—60.

Di Bitetti, M., De Angelo, C., Di blanco, Y., Paviolo, A.,
2010. Niche partitioning and species coexistence
in Neotropical felid assemblage. Acta Oecologica,
36: 403—-412.

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.

Dominguez, C. E., 2009. Conectividad bioldgica y
Social, Zonas de Influencia de las Areas Natu-
rales Protegidas. Serie Conocimiento/Numero 5.
CONABIO, México.

Donadio, E., Buskirk, S. W., 2006. Flight behavior
of guanacos and vicunas in areas of western
Argentina with and without poaching. Biological
Conservation, 127: 139-145.

Durant, S., 1998. Competition refuges and coex-
istence: an example from Serengeti carnivores.
Journal of Animal Ecology, 67: 370-386.

Faller, J. C., Chavez, C., Johnson, S., Ceballos, G.,
2007. Densidad de la poblacion de jaguares en el
Noreste de la Peninsula de Yucatan. In: Conser-
vacion y manejo del Jaguar en México estudios de
caso y perspectivas. México: 111-121 (G. Ceballos,
C. Chavez, R. List, H. Zarza, Eds.). Alianza WWF,
Telcel, CONABIO, CONANP, EcoCiencias S.C.,
Ciudad de México.

Fedriani, J., Palomares, F., Delibes, M., 1999. Niche
relations among three sympatric Mediterranean
carnivores. Oecologia, 121: 138—-148.

Foster, R., Harmsen, B., Doncaster, P., 2010a. Habitat
use by sympatric jaguar and puma acroos a gra-
dient of human disturbance in Belize. Biotropica,
doi:10.1111/j.1744-7429.2010.00641.x

— 2010b. The food habits of jaguars and pumas
across a gradient of human disturbance. Journal
of Zoology, 280: 309-318.

Foster, R., Harmsen, B. J, MacDonald, D., Collins, J.,
Urbina, Y., Garcia, R., Doncaster, P., 2014. Wild
meat: a shared resource amongst people and
predators. Oryx, 50(1): 63—75.

Foster, V., Sarmento, P., Sollman, R., Torres, N., Jaco-
mo, A., Negroes, N., Fonseca, C., Silveira, L., 2013.
Jaguar and puma activity patterns and predator—prey
interactions in four Brazilian biomes. Biotropica, 45:
373-379.

Gittleman, J. L., 1985. Carnivore body size: ecological
and taxonomical correlates. Oecologia (Berl), 67:
540-554.

Gomez, H., Wallace, B., Ayala, G., Tejada, R., 2005.
Dry season activity periods of some Amazonian
mammals. Studies on Neotropical Fauna and



Animal Biodiversity and Conservation 43.1 (2020)

65

Environment, 40: 91-95.

Gutiérrez—Gonzalez, C., Lépez—Gonzalez, C., 2017.
Jaguar interactions with pumas and prey at the
northern edge of jaguars‘range. Peer J., 5: 2886,
doi: 10.7717/peerj.2886

Haines, A., 2006. Is there competition between
sympatric jaguar Panthera onca and puma Puma
conclor? Acta Zoologica Sinica, 52 (6): 1142—1147.

Hanski, 1., 1994. Spatial scale, patchiness and popu-
lation dynamics on land. Philosophical Transactions
Royal Society of London. Biological Science, 343:
19-25.

Harmsen, B., Foster, R., Silver, S., Ostro, L., Doncast-
er, P., 2009. Spatial and temporal interactions of
sympatric jaguar (Panthera onca) and puma (Puma
concolor). Journal of Mammalogy, 90: 612—620.

— 2010. Differential Use of Trails by Forest Mammals
and the Implications for Camera—Trap Studies: A
case study from Belize. Biotropica, 42: 126-133.

Hernandez-SaintMartin, A., Rosas—Rosas, O.,
Palacios—Nufez, J., Tarango—Arambula, L., Clem-
ente—Sanchez, F., Hoogesteijn, A., 2013. Activity
patterns of jaguar, puma and their potential prey in
San Luis Potosi, México. Acta Zoolbgica Mexicana
(n.s.), 29(3): 520-533.

Hojnowski, E., Miquelle, D. G., Myslenkov, A. 1.,
Strindberg, S., Smirnov, E. N., Goodrich, J. M.,
2012. Why do Amur tigers maintain exclusive home
ranges? Relating ungulate seasonal movements to
tiger spatial organization in the Russian Far East.
Journal of Zoology, 287: 276-282.

Johnson, H. D., 1980. The comparison of usage and
availability measurements for evaluating resource
preference. Ecology, 61: 65—71.

Karanth, K. U., Nichols, J. D., 1998. Estimation of Tiger
densities in India using photographic captures and
recaptures. Ecology, 79: 2852-2862.

Karanth, K. U., Sunquist, M. E., 1995. Prey selection
by tigers, leopard, and dhole in tropical forest.
Journal of Animal Ecology, 64: 439-450.

Kelly, M. J., Noss, A. J., Di Bitetti, M. S., Maffei, L.,
Arispe, L., Paviolo, A., de Angelo, C., Di Blanco,
Y., 2008. Estimating puma densities from camera
trapping across three study sites: Bolivia, Argentina,
and Belize. Journal of Mammalogy, 89: 408—418.

Linnell, J. C., Strand, O., 2000. Interference interac-
tions, coexistence and conservation of mammalian
carnivores. Diversity and Distribution, 6: 169-176.

Lira, T. I., Naranjo, E., 2003. Abundancia, preferencia
de habitat e impacto del ecoturismo sobre el puma
y dos de sus presas en la Reserva de la Biosfera
El Triunfo, Chiapas, México. Revista Mexicana de
Mastozoologia, 7: 20-39.

Mackenzie, D. I., Nichols, J., Royle, J., Pollock, K.,
Bailey, L., Hines, J. E., 2006. Occupancy estimation
and modeling: Inferring patterns and dynamics of
species occurrence. Elsevier Publishing, California.

Maffei, L., Cuellar, E., Noss, A., 2004. One thousand
jaguars (Panthera onca) in Bolivia's chaco? Cam-
era trapping in the Kaa—lya National Park. Journal
of Zoology London, 262: 295-304.

Maffei, L., Noss, A., Silver, S., Kelly, J., 2011. Abun-
dance Density Case Study: Jaguars in the Ameri-

cas. In: Camera Traps in Animal Ecology. Methods
and Analyse:119-144 (A. O'Connell, J. Nichols, U.
Karanth, Eds.). Springer, Japan.

Mcloughlin, D. P., Morris, D. W., Fortin, D., Wal, E.,
Contasti, A., 2010. Considering ecological dy-
namics in resource selection functions. Journal of
Animal Ecology, 79: 4-12.

Monroy-Vilchis, O., Soria-Diaz, L., 2013. Ecologia de
Puma concolor en la Sierra anchititla. Estado de
Meéxico, México. Universidad Autonoma del Estado
de México. Estado de México.

Navarro, C. J., Ramolina, J. F., Pérez, J. J., 2007.
El jaguar en Yum Balam y el Norte de Quintana
Roo. In: Conservacién y manejo del jaguar en
México: estudio de caso y perspectivas: 123—132
(G. Ceballos, C. Chavez, R. List, H. Zarza, Eds.).
CONABIO, Alianza WWF, Telcel, Universidad Na-
cional Auténoma de México, Ciudad de México.

Novack, A. J., Main, M. B., Sunquist, M. E., Labisky,
R. F., 2005. Foraging ecology of jaguar Panthera
onca and puma Puma concolor in hunted and non—
hunted sites within the Maya Biosphere Reserve,
Guatemala. Journal of Zoology, 267(2): 167—178.

Nufez, R., Miller, B., Lindzey, F., 2000. Food habits
of jaguar and pumas in Jalisco, México. Journal
of Zoology. London, 252: 373-379.

— 2002. Ecologia del jaguar en la reserva de la
biosfera Chamela—Cuixmala, Jalisco, México.In: E/
Jaguar en el nuevo milenio: 107—126 (R. A. Medellin,
C. Equihua, C. Chetkiewizc, P. G. Craeshaw, A.
Rabinowitz, K. H. Redford, J. G. Robinson, E. W.
Sanderson, A. B. Taber, Eds.). Universidad Nacional
Autéonoma de México and Wildlife Conservation
Society, Ciudad de México, Mexico.

Paviolo, A., Di Blanco, Y., De Angelo, C., Di Bitetti, M.,
2009. Protection affects the abundance and activity
patterns of puma in the Atlantic forest. Journal of
Mammalogy, 90: 963-964.

Pianka, E. R., 1973. The structure of lizard communi-
ties. Annual Review of Ecology and Systematics.
4: 53-74.

Pozo, C., Armijo—Canto, N., Calmé, S. (Eds.), 2011.
Riqueza Bioldgica de Quintana Roo. Un anélisis
para su conservacion, Tomo . El cColegio de la
Frontera Sur (Ecosur), Comision Nacional para el
Conocimiento y Uso de la Biodiversidad (Conabio),
Gobierno del Estado de Quintana Roo y Programa
de Pequenas Donaciones. Ciudadd e México.

Rabinowitz, A. R., Nottingham, B. G., 1986. Ecology
and behavior of the jaguar (Panthera onca) in
Belize, Central America. Journal of Zoology, 210:
149-159.

Ramesh, T., Kalle, R., Sankar, K., Qureshi, Q., 2012.
Spatio—temporal partitioning among large carnivo-
res in relation to major prey species in Western
Ghats. Journal of Zoology, 287: 268-275.

Rodriguez-Soto, C., Hernandez-Téllez, M., Montoy—
Vilchis, O., 2013. Distribucién y uso del habitat de
Puma concolor en la Sierra Nanchititla, México. In:
Ecologia de Puma concolor en la Sierra Nanchititla,
México: 47-63 (O. Monrroy-Vilcis, L. Soria—Diaz,
Eds.). Universidad Auténoma del Estado de Mé-
xico, Estado de México.



66

Avila—Najera et al.

Romero—Mufioz, A., Maffei, L., Cuéllar, E., Noss, J.
A., 2010. Temporal separation between jaguar and
puma in the dry forests of southern Bolivia. Journal
of Tropical Ecology, 26: 303—-311.

Sanderson, E. W., Chetkiewicz, C. L. B., Medellin, R.
A., Rabinowitz, A. Redford., K. H. Robinson, J. G.,
Tober, A. B., 2002. Un analisis del estado de con-
servacion y distribucion de los jaguares a través de
sus areas de distribucion. In: El jaguar en el nuevo
milenio: 551-600 (R. A. Medellin, C. Equihua, C.
Chetkiewizc, P. G. Craeshaw, A. Rabinowitz, K. H.
Redford, J. G. Robinson, E. W. Sanderson, A. B.
Taber, Eds.). Universidad Nacional Auténoma de
México and Wildlife Conservation Society, Ciudad
de México, Mexico.

Schultz, G., 2003. Structure and diversity of the forests
at the El Eden Ecological Reserve. In: The lowland
Maya area. Three millennia at the human—wildland
interface: 91-114 (A. Gébmez—Pompa, M. F. Allen,
S. Fedick, J. J. Jiménez—Osorio, Eds.). The Haworth
Press, Binghamton, New York.

Scognamillo, D. M., Maxit, I. E., Sunquist, M., Polisar,
J., 2003. Coexistence of Jaguar (Panthera onca)
and puma (Puma concolor) in a mosaic landsca-

pe in the Venezuelan llanos. Journal of Zoology
London, 259: 269-279.

Sollmann, R., Malzoni-Furtado, M., Hofer, H., Jaco-
mo, A. T. A., Mundim, N., 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.

Taber, A. B., Novaro, A. J., Neris, N., Colman, F. H.,
1997. The food habits of sympatric jaguar and puma
in the Paraguayan Chaco. Biotropica, 29: 204—213.

Woodroffe, R., 2001. Strategies for carnivore con-
servation: Lessons from contemporary extinctions.
In: Carnivore Conservation (J. L. Gittleman, R.
K. Wayne, D. W. Macdonald, S. M. Funk, Eds.).
Cambridge University Press, Cambridge.

Zarza, H., Chavez, C., Ceballos, G., 2007. Uso de
habitat del jaguar a escala regional en un paisaje
dominado por actividades humanas en el Sur
de la Peninsula de Yucatan. In: Conservacion y
manejo del jaguar en México: estudios de caso y
perspectivas: 101-110 (G. Ceballos, C. Chavez,
R. List, H. Zarza, Eds.). CONABIO, Alianza WWF,
Telcel, UNAM, Ciudad de México.




