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Jaguarundi occupancy and in-
teraction with sympatric felids
in Panama

Though jaguarundi Herpailurus yagouaroundi are considered a species of “Least
Concern,” the data dictating this status is limited owing to few targeted studies of
the felid. In Panama, expanding the knowledge of jaguarundi ecology is essential to
inform conservation decisions as the country continues to experience habitat conver-
sion. With a decrease in habitat availability, it is important to elucidate interactions
and resource partitioning between jaguarundi and sympatric felids. In this study, we
used presence-only data from camera traps deployed in the Mamoni Valley of Panama
and in the Guna Yala Comarca, in a maximum entropy framework as an index of oc-
currence probability for jaguarundi. We included habitat variables as covariates to
evaluate their relative importance to jaguarundi occupancy. Using spatial and tempo-
ral data, we then assessed the co-occurrence of jaguarundi with four sympatric felid
species: margay Leopardus wiedii, ocelot Leopardus pardalis, puma Puma concolor,
and jaguar Panthera onca. Models indicated that jaguarundi were more likely to oc-
cur in secondary forests at lower slopes, and avoided open pasture land. Only the
distribution of the ocelot affected modelled jaguarundi occurrence, and this relation-
ship was positive. Jaguarundis had a likelihood of coexisting with all felid species in
57% of the jaguarundi's predicted occurrence range at the 0.5 threshold, and this was
likely facilitated by temporal and ecological niche partitioning among the sympatric
species. The data from this research suggest that though jaguarundis occur sympatri-
cally with other felid species, their habitat use is unique from larger, charismatic spe-
cies and targeted conservation efforts may be necessary to ensure the conservation
of jaguarundis in Panama.

and threatens the continuity of the MBC
(Slusser et al. 2015). Indeed, Panama lost

Owing to a paucity of species observations and
few targeted research studies, little informa-

tion about the behaviour, habitat use, distribu-
tion and overall ecology of the jaguarundi is
known. As a result, the International Union for
Conservation of Nature’s (IJUCN) Red Listing of
“Least Concern” for the species is relatively
uninformed, with IUCN Red List assessors
noting that it may be “Near Threatened,”
but insufficient data exists to fully evaluate
the status (Giordano 2015, Caso et al. 2015).
Existing research has been primarily focused
in Mexico or Brazil, with little focus on other
South American or Central American coun-
tries. Expanding our knowledge base on the
species is necessary to facilitate data driven
conservation planning.

Panama comprises the narrowest section of
the Mesoamerican Biological Corridor (MBC)
and is thus inherently important for the pop-
ulation connectivity of any terrestrial species,
such as the jaguarundi, whose distribution
spans the region. However, anthropogenic
changes to land cover for agriculture and
cattle ranching in Panama has caused sig-
nificant habitat loss and forest degradation,

7% (~2,000 km?) of its forest cover between
1992 and 2000 (Reymondin et al. 2013). This
trend has continued, with a further loss of
7.7% forest cover between 2001 and 2020
identified by the “Primary Forest Loss” model
(Panama Deforestation Rates and Statistics
2021). Given the continued deforestation and
habitat fragmentation in Panama, as well as
the country’s importance in maintaining con-
nectivity throughout the range of many Neo-
tropical species such as the jaguarundi, it is
crucial that researchers better understand the
habitat requirements and patterns of affected
species. It is also important to understand
the spatial and temporal dynamics of the
jaguarundi in relation to other sympatric felid
species including the margay, ocelot, puma,
and jaguar. Elucidating these interspecific
relationships is especially pertinent in the
face of habitat loss in Panama. Anderson et
al. (2008) indicate that generalist species may
outcompete sensitive species in incidences
of habitat loss, as they may be able to adjust
more easily to human dominated landscapes.

Defining the ecological niche of the jaguarundi
in Panama will aid in highlighting the impact
that continued deforestation in the region may
have on the species.

The temporal habits, preferred habitat, and
interspecific interactions of jaguarundis have
been previously assessed in both Brazil and
Mexico. In Brazil, jaguarundis are observed
to temporally separate from sympatric felid
species, with jaguarundis being largely diur-
nal, margays cathemeral, and ocelots noctur-
nal (Nagy-Reis et al. 2018). Scat analysis re-
vealed moderately overlapping diets between
jaguarundis and margays, with the least over-
lap between jaguarundis and ocelots. Overall,
the coupled factors of differences in temporal
activity patterns and in diet were thought to
have decreased the number of negative com-
petitive interactions between felid species,
allowing them to live in sympatry (Nagy-Reis
etal. 2018).

InMexico, aradio collaring study revealed that
jaguarundis and ocelots were found to have
overlapping home ranges, but little overlap in
their core areas (Caso 2013). Further, ocelots
occurred most commonly in areas of tropi-
cal sub-deciduous forest, while jaguarundis
occupied tropical sub-deciduous forests and
pasture-grasslands evenly. Similar to what
was seen in Brazil, Caso (2013) found that
jaguarundis in their study area in Mexico were
primarily diurnal while ocelots were primarily
nocturnal. Also in Mexico, via a meta-analy-
sis, Espinosa et al. (2017) identified a 76%
overall niche similarity between jaguarundis
and margays, but different favourable habi-
tats in which suitability primarily depended on
temperature and precipitation.

One theory proposed to explain the apparent
distributional overlap of sympatric felids in
Panama has been niche partitioning through
prey selection. Studies throughout Central and
South America have conducted scat analyses
to determine the prey items that jaguarundi,
jaguar, puma, ocelot, and margay consume
with the highest frequencies of occurrence,
revealing possible prey resource partitioning
between the species. Apart from Bianchi et al.
(2011), which found that jaguarundis primarily
consume hirds, studies have determined that
mammals occur with the highest frequency in
jaguarundi scat samples (Téfoli et al. 2009,
Giordano 2015). Jaguarundis appear to target
small mammals, specifically sigmodontine ro-
dents (Téfoli et al. 2009, Giordano 2015). Diet
studies of ocelots and margays suggest that
they also primarily consume small mammals,
with rodents comprising the largest portion
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(Villa Meza et al. 2002, Wang 2002, Bianchi
& Mendes 2007). Didelphimorphia species
also occurred in high frequencies in the diet
of margays (Wang 2002, Bianchi et al. 2011).
Ocelots, margays and jaguarundis have all
also been recorded consuming birds, reptiles,
fish and invertebrates, though to a lesser de-
gree than mammals (Villa Meza et al 2002,
Wang 2002, Bianchi & Mendes 2007, Bianchi
et al. 2011). When assessing the diet of the
larger jaguar and puma, prey size appears to
be a differentiating factor from the smaller fe-
lids. Analyses of jaguar scat have determined
that mammals also comprise the majority
of jaguar's diet, though they are targeting
medium to large-sized mammals weighing
from three to ten kilograms (Garla et al. 2001,
Weckel et al. 2006, Sollman et al. 2013). Scat
analyses have also revealed that birds and
reptiles contribute to the jaguar’s diet, but to
a much lesser extent than mammals (Garla et
al. 2001, Sollmann et al. 2013). Pumas also
primarily target mammals, though the size
range of their prey is slightly more expansive
than that of the jaguar, with prey ranging in
size from small rodents to large artiodactyls.
They also consume lizards and birds (Nfiez et
al. 2000, Rau & Jiménez 2002, Rueda et al.
2013).

Prior research has not only allowed for the
comparison of felid diets, but also of their
morphology. In the book, Felids and Hyenas
of the World (2020), Castellé found that the
jaguar is the largest felid of the five species
by weight, body length, and skull dimensions.
Pumas, ocelots, jaguarundis, and margays fol-
low in rank of decreasing size. Species ranking
by height to shoulder deviates from the other
morphological trends, with pumas, jaguars,
ocelots, margays, and then jaguarundis or-
dered from tallest to shortest (Castell6 2020).
Based on size similarity as well as prey se-
lection, it is expected that there may be more
intense interspecific competition for prey be-
tween the jaguarundi and the smaller ocelot
and margay, rather than with the larger jaguar
and puma. However, though competition over
prey may be minimal between the jaguarundi
and the puma and jaguar, the larger felids may
also impact the small felids through intraguild
predation (IP) or intraspecific killing (IK; de
Oliveira & Pereira 2014).

The goal of the current research was to assess
jaguarundi occupancy, temporal activity, and
sympatry with other felids in an established
conservation corridor in Panama. The data
from this research elucidates the habitat vari-
ables that are associated with jaguarundi oc-
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cupancy and the effect of sympatric felids on
their predicted occupancy in Panama. It also
provides additional information on the region-
al distribution of the jaguarundi, and overlap
with the distribution of margay, ocelot, puma,
and jaguar. Finally, this research examines the
temporal overlap in activity pattemns, and per-
ceived overlap in diet and morphology in re-
lation to jaguarundi occupancy and sympatric
felid presence.

Study area

Panamanian forests are comprised of premon-
tane, gallery, tropical moist, and mangrove
forests. Tropical moist forests are dominated
by emerging deciduous trees such as Ceiba
pentandra and Cavanillesia platanifolia (Gol-
ley et al. 1969). Panama experiences marked
wet and dry seasons. The wet season occurs
from May to November while the dry season
occurs from December to April (Condit et al.
2001). The amount of precipitation that falls
during the wet season depends on the coast
and elevation. The Pacific Coast receives
1,700 mm of annual rainfall and the Atlantic
coast receives 3,000 mm of annual rainfall.
Higher elevations are subject to more precipi-
tation as well (Ibafiez et al. 2002).

Within Panama, this study was specifically lo-
cated in the Mamoni Valley and the adjacent
Guna Yala Comarca. The Mamoni Valley is sit-
uated in the Tumbes-Choc6-Magdalena eco-
region at the narrowest section of the Pana-
manian Isthmus. It borders Parque Nacional
Chagres, the Guna Yala Comarca, and Reserva
Natural Cocobolo. Located within the Mamoni
Valley is the Mamoni Valley Preserve, a non-
profit organisation working to preserve large

tracts of land within the valley. The Guna Yala
Comarca is an indigenous province which ex-
tends from the border of the Mamoni Valley
Preserve to the Caribbean Sea. It is bordered
on the West by the Province of Colon and the
East by Colombia. It remains one of the least
developed regions along the Mesoamerican
Biological Corridor, and comprises a majority
of the remaining intact habitat in the region.
The old growth rainforest and watersheds of
the Mamoni Valley consist of a mixed mat-
rix of various land cover types including late
successional forest, mature secondary forest,
middle secondary forest, young secondary
forest, pasture, and fallow (Klooster et al.
2021).

Methods

From 25 May 2017 to 11 October 2017, and
then from 9 July 2019 to 2 February 2020, we
deployed Bushnell Trophy Cam HD™ camera
traps across 142 km? (Derived from a polygon
of camera locations) of the Mamoni Valley and
the Guna Yala Comarca in Panama (Fig. 1). The
cameras were placed across a wide variety of
habitats in order to represent the varying habi-
tats within the study site, including: intact sec-
ondary forests, forest fragments, edge habi-
tats, agricultural landscapes, areas in close
proximity to villages, and agroforestry sites.
The cameras were spaced at increments of
one to two kilometers within established grid
cells and were set along game trails or at lo-
cations with other signs of wildlife presence.
The cameras were active for 24 hours a day
and were set to collect data in both photo and
in hybrid modes (three photos followed by a
10-second video). Metadata for photographs
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Fig. 1. Study area and camera locations used in predicting jaguarundi and
sympatric species occurrence in the Mamoni Valley of Panama, 2017-2020.
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Table 1. Range of covariate values at sampling locations and across study area as used in predicting jaguarundi and sympatric species
occurrence in the Mamoni Valley and Guna Yala Comarca of Panama, 2017-2020.

Covariate Camera Min Camera Max Study Area Min Study Area Max
Distance to River (m) 0 722 0 2,257
Slope 0 32 0 83
Ruggedness Index 2 25 0 64
Elevation 100 530 24 909
Pasture 0.01 km? 0 69 0 100
Pasture 10 km? 0 40 0 78
Mixed Secondary and Plantation 0.01 km? 0 100 0 100
Mixed Secondary and Plantation 10 km?2 0 60 0 85
Mixed Mature 0.01km? 0 100 0 100
Mixed Mature 10 km? 0 100 0 100

were extracted and recorded. Species were
then identified from photo or video, with veri-
fication of all photographs made by a second
observer. Any photographs where species
identification was uncertain were excluded.
These data were then used for all subsequent
analyses.

To determine what habitat variables influence
the occurrence of jaguarundi and the other
sympatric felid species, we implemented max-
imum entropy modeling via R and Java using
program Maxent (Phillips et al. n.d., Java
2014, R Core Team 2021). Typically, a pres-
ence/absence occupancy modelling frame-
work is preferential to presence only models
such as Maxent. Occupancy models account
for non-detections, imperfect detection pro-
babilities, and provide more directly inter-
pretable results (i.e., probability of occurrence
rather than an index of that probability). Unfor-
tunately for rare and elusive species such as
the jaguarundi and its sympatric felids, cam-
era capture-recapture data is often too sparse
to inform occupancy models. Prior to selecting
Maxent we did attemptto model jaguarundi oc-
currence using both frequentist and Bayesian
techniques, but the extreme number of zeros
(capture rate = 0.004 captures/trap night) in
the capture history, even when collapsed, and
limited recaptures led to a lack of convergence

and unreasonable variance. Maxent, while
less informative than occupancy models, is an
alternative that relies only on presence data
and can provide valuable information which
can help to inform future, targeted studies.

In Maxent we used felid occurrence records
from the camera data and a suite of poten-
tial habitat covariates in an ad-hoc polygon
surrounding the camera locations. The initial
habitat covariates used included both land-
cover and climate data. However, we ulti-
mately discarded the climate variables, as the
study area was so small that slight variations
in these predictors were likely the result of dif-
ferences in landcover and topography rather
than true climatic variations. In our final model
we included ten habitat covariates: percent
mixed mature forest, pasture, or mixed sec-
ondary forest/plantation within 10 km?, per-
cent mixed mature forest, pasture, or mixed
secondary forest/plantation within 0.01 km?,
distance to nearest river, terrain ruggedness
index, slope, and elevation. Percent landcover
types were calculated using a rectangular
moving window. We chose these scales to
represent both the immediate perceived area
(0.01 km?) as well as an area approximat-
ing the landscape potentially used across a
broader time scale (10 km?). Camera locations
(Fig. 1) did not entirely sample the range of 6

of the selected covariates (Table 1) used in
Maxent modeling. This may introduce bias
as Maxent randomly sampled “background”
points from throughout the study area, how-
ever, much of the unsampled area would be
considered suboptimal habitat for jaguarundi
and appropriate for use to inform habitat as-
sociations. Further, any bias introduced will be
similar for each species.

All landcover covariates were derived from
the 2012 Forest Cover and Land Use dataset
provided by the Ministry of the Environment
of Panama, elevation and its derivatives of
slope and ruggedness were based on NASA
Shuttle Radar Topography Mission data, and
hydrography data was obtained from the
Smithsonian GIS Data Portal. All spatial data
was converted to a raster format with a 5 m
cell size for use in Maxent.

For each felid species, we first implemented
a full Maxent model (i.e., with all covariates).
We enabled all standard features in Maxent
except for hinge, product, and threshold fea-
tures, and used 10,000 background points.
The output was kept at its default logistic
format. We then removed covariates that
provided zero percent contribution to the full
model, and implemented a reduced model,
with the same features enabled previous-
ly, to increase the area under the respective

Table 2. Contribution and importance of habitat covariates in a maximum entropy model of jaguarundi occurrence.

Variable Percent contribution Permutation importance
Slope 61.7 824
Pasture 10 km? 132 17.6
Pasture 0.01 km? 109 0.0
Mixed Secondary Forest/Plantation 0.01 km? 8.2 0.0
River Distance (m) 50 0.0
Mixed Secondary Forest/Plantation 10 km? 1.0 0.0
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receiver operator curve. We then used the
output index of occurrence probability raster
datasets from these reduced models for sub-
sequent analyses.

To ascertain how jaguarundi occurrence
overlapped with the habitat use of sym-
patric felids, we first used a 0.5 threshold
to convert index of occurrence probabi-
lity for each species into a binary O or
1 value. For each cross comparison be-
tween jaguarundi and individual sympatric
species we then used the Raster Calcula-
tor Geoprocessing tool to classify cells as
0,0 = neither species predicted to occur;
1,0 = jaguarundi predicted to occur but sym-
patric species is not; 0,1 = sympatric species
predicted to occur but jaguarundi is not; and
1,1 = jaguarundi and respective sympatric
species both predicted to occur.

We then calculated the temporal over-
lap between the jaguarundi and margay,
ocelot, puma, and jaguar's activity patterns.
We considered a new photograph of the
same species at the same camera as a no-
vel capture event when the images were
taken twenty or more minutes apart from
each other. We then converted the times
at which the camera trap took photographs
of the felids to decimal time in Excel. Using
the “overlap” package in R, we calculated
the percentage of temporal activity overlap
between jaguarundi and a given sympatric
felid species (Ridout & Linkie 2009). For all
comparisons we used the Dhat1 coefficient
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Results
In 2017, 24 camera traps were deployed for a
total of 3,073 trap nights. In 2019, 20 cameras
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Fig. 2. Marginal effects indicating a nega-
tive relationship between a) jaguarundi
occurrence and slope, b) jaguarundi oc-
currence and distance to river, and c) jag-
uarundi occurrence and pasture within
0.01 km?, pasture within 10 km? mixed
secondary forest/plantation within 10
km?, and a positive relationship between
jaguarundi occurrence mixed secondary
forest/plantation within 0.1 km?.

were deployed for a total of 1,796 trap nights.
Jaguarundi were captured at 12 camera trap
stations, with 19 unique capture events.
Jaguars were caught at 14 camera trap sites
with 29 unique capture events. Pumas were
captured at 17 camera trap stations with a to-

Probability of presence

o -
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@® Camera trap capture
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e w Kilometers
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Fig. 3. Predicted jaguarundi presence in the study area in and surrounding the Ma-
moni Valley and Guna Yala Comarca of Panama.
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Fig. 4. Comparison of
jaguarundi and sym-
patric felid species
habitat suitability in
Mamoni Valley and
Guna Yala Comarca
of Panama. Suitabil-
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maximum  entropy
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collected in 2017 and
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tal of 52 unique capture events. Ocelots were
captured at 26 camera trap locations with a
total of 125 unique capture events. Finally,
margays were captured at 14 camera trap
stations and had a total of 38 unique capture
events.

The jaguarundi Maxent model yielded an
area under the receiver operator curve of
0.775, meaning the model is potentially
useful (Phillips & Dudik 2008). Of the habi-
tat covariates, Maxent modelling identified
slope, pasture within 10 km?, pasture within
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0.01 km?, mixed secondary forest/plantation
within 0.01 km?, river distance (m), and mixed
secondary forest/plantation within 10 km?
as contributors to jaguarundi occurrence
(Table 2). Out of these covariates, jaguarundi
occurrence had a negative relationship with
slope, pasture within 10 km?, pasture within
0.01 km2, mixed secondary forest/plantation
within 10 km?, and river distance. Jaguarundi
occurrence had a positive relationship with
mixed secondary forest/plantation within
0.1 km? (Fig. 2).

® Jaguar
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® Margay

Both>0.5

Threshold of species occupancy

Fig. 5. Comparison of the 0.5 threshold occupancies of margays, ocelots, pumas, and
jaguars in relation to jaguarundis in the Mamoni Valley and Guna Yala Comarca of Panama.

survey.

Modelled jaguarundi index of occurrence
probability ranged from 0 to 0.86 in the
study area, with 35% of the study area at
>0.50 probability of occurrence (Fig. 3 &
5). At this 0.50 probability of occurrence
threshold, jaguarundis and jaguars were pre-
dicted to co-occur in 57% of the jaguarundi's
predicted occurrence range (Fig. 4 and 5),
jaguarundis and pumas were predicted to
co-occur in 63% of the jaguarundi's predicted
range (Fig. 4 and 5), jaguarundis and ocelots
were predicted to co-occur in 80% of the
jaguarundi’s predicted range (Fig. 4 & 5), and
jaguarundis and margays were predicted to
co-occur in 66% of the jaguarundi’s predicted
range (Fig. 4 and 5).

Analysis of temporal data suggests that
jaguarundis were diurnal, jaguars and pumas
were cathemeral, and ocelots and margays
were nocturnal. The amount of temporal ac-
tivity overlap between jaguarundis and the
other four sympatric felid species varied.
Jaguarundis had a 63.43% overlap with
jaguars, 56.79% overlap with pumas, 37.15%
overlap with ocelots, and 36.75% overlap
with margays (Fig. 6).

Discussion

The results of this research suggest that
jaguarundis occupy regions with greater mixed
secondary forest/plantation at the local scale

CATnews 77 Spring 2023



(0.01 km?) closer to rivers and with less slope,
and avoid areas with more pastureland at
both the local and regional scale and more
mixed secondary forest/plantation at the re-
gional scale (10 km?). While the avoidance of
mixed secondary forest/plantation at the re-
gional scale may be somewhat contradictory,
this is likely driven by the inclusion of several
large agroforestry plantations in the MVP.
These results are important because they in-
dicate that jaguarundis may not be as toler-
ant of disturbed habitats (plantations, farms,
and pastureland) as has been historically pre-
sumed. Similar to our research, some studies
have demonstrated that jaguarundis prefer
tropical sub-deciduous forests and gallery
forests, and have a negative relationship with
pasture (Caso 2013, Boron et al. 2018, Gior-
dano 2019). However, other research has indi-
cated that jaguarundis are abundant in areas
with grassland and agriculture, which was not
supported by our research (Giordano 2015,
Coronado Quibrera et al. 2019). In addition,
though elevation did not indicate jaguarundi
occurrence in our models, it was an important
predictor of jaguarundi occurrence in a former
study in Mexico (Coronado Quibrera et al.
2019). It is also important to note that there
may be bias due to inadequate sampling of
some covariates in our study area (e.g. areas
of high ruggedness or slope, or far from rivers;
Table 1).

There was a great degree of similarity
between the covariates associated with
jaguarundi occurrence and ocelot occurrence,
and a lack of similarities between the covari-
ates associated with jaguarundi occurrence
and the occurrence of the other sympatric fe-
lid species. Jaguarundis and ocelots both oc-
cupied areas with more coverage of mixed se-
condary/plantation forests at the local scale
closer to rivers and with less slope, and
avoid-ed greater amounts of pasture at the
local and regional scale and mixed secon-
dary forest/plantation at the regional scale.
However, ocelots but not jaguarundis avoid-
ed areas with high elevations and greater
amounts of mixed mature forest at the re-
gional scale. While both the jaguarundi and
jaguar had a negative association with pas-
ture and mixed secondary forest/plantation
at the regional scale with high slope, only the
jaguar had a strong affinity for mature forest
at the local scale (Craighead et al. 2022).
Additionally, the jaguarundi and puma both
had predicted occurrence in regions closer
to rivers and with less slope, but were less
likely to occur land with more pasture at the
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local and regional scale and mixed seconda-
ry forest/planta-tion at the regional scale.
Unlike jaguarundis, pumas were positively
associated with elevation and were likely
to occur in regions with more mixed mature
forest at the local and regional scales. Ja-
guarundis and margays similarly had greater
predicted occurrence in areas closer to rivers
and with less slope, and had negative rela-
tionships with land cover of pasture at the
local and regional scale and mixed secon-
dary forest/plantation at the re-gional scale.
Of the two species, only margays were more
likely to occur in areas with higher elevations
and more mixed mature forest at the regional
scale.

Given the estimated spatial overlap of 57-
80% between jaguarundi and sympatric felid
species, plus the camera trap photographs
of multiple species at individual camera sta-
tions in the Mamoni Valley, there are likely
other means of niche separation (Fig. 5). The
jaguar had the least amount of overlap with
jaguarundi, likely because of the jaguar's
dependence on mixed mature forest within
0.01 km? and the jaguarundi’s lack thereof.
Still, they could potentially coexist in 57% of
the jaguarundi's predicted occurrence area
at the 0.5 threshold. Since jaguarundis had
the highest temporal overlap (61.16%) with
jaguars, their sympatry is likely possible
because of their differing sizes and diets.
Jaguars are 10 to 20 times the weight of

jaguarundis, and their skull dimensions are
up to three times that of the jaguarundi's
skull dimensions (Castelld 2020). This size
difference creates dietary distinctions
between the species, as hite force has a
positive relationship with mass and jaw
length and felids that consume larger prey
items have greater bite forces (Christiansen
& Wroe 2007, Hartstone-Rose et al. 2012).
The literature indicates dietary distinctions
between jaguarundis and jaguars exist.
Jaguarundis primarily eat small sigmodon-
tine rodents and jaguars only consume prey
items that weigh more than one kilogram
(Garla et al. 2001, Giordano 2015). Out of
those prey items, most were within the
weight class of three to ten kilograms (Garla
et al. 2006). Literature from differing regions
reveal conflicting data of what mammalian
species occur most frequently in the jaguar’s
scat samples. The giant anteater Myrme-
cophaga tridactyla occurred most frequent-
ly in jaguar scat from Emas National Park
(Sollmann et al. 2013), white-lipped peccary
Tayassu pecari and armadillo Dasypus spp.
had the highest percent occurrence in jaguar
scat from the Linhares Forest Preserve (Garla
etal. 2001), and jaguars preferred to eat col-
lared peccary Tayassu tajacu in Guam Bank
(Weckel et al. 2006). Despite the variances
these studies exhibit, they all indicate that
jaguars do not appear to feed on small mam-
mals to the extent that jaguarundis do.
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Fig. 6. Temporal overlap of jaguarundis with margays, ocelots, pumas, and
jaguars in the Mamoni Valley and Guna Yala Comarca of Panama.
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Jaguarundis also have a relatively high
temporal overlap with pumas (56.92%), es-
pecially when compared to their temporal
overlap with margays and ocelots. Therefore,
jaguarundi and puma coexistence is also likely
due to their differences in size and thus diet.
Pumas are six to sixteen times the weight of
jaguarundis, and their skulls are double the size
of jaguarundi skulls (Castellé 2020). Though
jaguarundis and pumas may target prey items
from many of the same orders, the species con-
sume different prey items with high frequen-
cies. While jaguarundis primarily target small
mammals, pumas tend to take the largest
prey available (Rau & Jiménez 2002). Pumas
mainly consumed collared peccary in San Luis
Patosi, Mexico (Rueda et al. 2013) and white-
tailed deer Odocoileus virginianus in Jalisco,
Mexico (Nufiez et al. 2000).

The possible diet partitioning between
jaguarundis and ocelots is less obvious than
seen between jaguarundis and both jaguars
and pumas. Even though ocelots can be up to
double the weight of jaguarundis and are also
larger in length, height, and skull dimensions
(Castell6 2020), some research has determin-
ed that the two felids both consume rodents
with the highest frequency (Villa Meza et al.
2002, Wang 2002, Abreu et al. 2007, Giorda-
no 2015). Variations exist among the types
of small rodents consumed, with jaguarundis
primarily eating Sigmodon, Oryzomys, and
Zygodontomys rodents (Giordano 2015)
and ocelots mainly eating Calomys species
(Bianchi & Mendes 2007), Akodon species
(Wang 2002), or murids weighing less than
100 grams (Abreu et al. 2007). Even more dis-
tinct, Villa Meza et al. (2002) discovered that
the prey item with the highest frequency of
occurrence in ocelot scat samples was not
even a mammal but rather the spiny-tailed
iguana Ctenosaura pectinate. However, the
general size of prey consumed is similar and
there is likely some overlap in target prey.
In the case of the jaguarundi and ocelot,
species coexistence may be accounted for
by temporal distinctions. Jaguarundis only
had a 28.53% temporal overlap with oce-
lots, as jaguarundis were diurnal and ocelots
were nocturnal. This was confirmed by prior
research that has also attributed temporal
partitioning to the sympatry of jaguarundis
and ocelots (Boron et al. 2018, Santos et al.
2019).

Jaguarundi co-occurrence with the margay
can be explained by the dietary, temporal, and
behavioural differences of their ecologies.
Though Wang (2002) determined that margays

and jaguarundis primarily consume small ro-
dents, other published research indicates that
margays mostly eat arboreal mammals, or at
least in higher frequencies than jaguarundis
(Oliveira Calleia et al. 2009, Bianchi et al.
2011, Giordano 2015). Out of these arboreal
mammals, Didelphimorphia has the highest
frequency of occurrence in margay scat sam-
ples (Bianchi et al. 2011). The distinctions be-
tween the diets of jaguarundis and margays
are likely not the result of morphological dif-
ferences, as jaguarundis are most similar to
margays in size (Castelld 2020). Instead, diet
segregation might be accredited to the fact
that jaguarundis are terrestrial and margays
are assumed to be largely arboreal (Bianchi et
al. 2011, Giordano 2015). In addition to having
different diets, jaguarundis were diurnal and
margays were nocturnal, only having a tem-
poral overlap of 36.75%. Similarly, Santos
et al. (2019) suggested that jaguarundis and
margays may coexist largely through temporal
divisions.

To further elucidate the ecology and sympatry
of the jaguarundi an expanded targeted cam-
era trapping effort is warranted. With broader
spatial coverage, additional occurrence data
could be used to better train the Maxent model.
Also, our inferences regarding dietary niche
partitioning relied on a literature review of
papers from Mexico, Brazil, Venezuela, Be-
lize, and Chile. There are likely to be regional
discrepancies in felid diets, so scat analyses
with samples taken from the Mamoni Valley
and the Guna Yala Comarca would offer a
more concrete explanation to the coexistence
of jaguarundis, jaguars, pumas, ocelots, and
margays of this specific region. However,
this study is the first to focus specifically on
jaguarundi occurrence, as well as interspecies
relationships between jaguraundis and sym-
patric felids in Panama. All five species were
less likely to occur in regions with more pas-
ture at the regional scale, and every species
but the jaguar had negative associations with
pasture at the local scale. This is concerning
as more of Panama’s forests are converted
to ranchland. Also, though jaguarundis can
coexist with jaguars and pumas, their range
overlap with these two big cats were the least
of the sympatric felids. This is concerning as
jaguars and pumas are frequently used as
umbrella species for the conservation of co-
occurring mammals, but the mixed mature
forest that indicated jaguar and puma pres-
ence had no effect on jaguarundi occupancy
(Dickman et al. 2015, Thornton et al. 2016). If
further habitat loss threatens the conserva-

tion status of jaguarundis, they will require
more species-specific conservation efforts,
especially those aimed at maintaining mixed
secondary forest and plantation rather than
mixed mature forests. This research provides
important foundational information on the
species in Panama, which will contribute to
targeted conservation efforts for jaguarundis
in the future.
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