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Ocelot (Leopardus pardalis) density and activity pattern in a biological corridor, northeastern Mexico
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The ocelot (Leopardus pardalis Linnaeus, 1758) is one of six felid species found in Mexico, yet its ecology remains
poorly understood. In this study, we assessed the ocelot density and activity pattern in the El Cielo-Sierra de
Tamalave (EC-ST) biological corridor located in Tamaulipas, northeastern Mexico. We used camera trapping (52
double stations) to identify individuals based on their coat patterns. To estimate population density, we used the
random thinning spatial capture-recapture method (rt-SCR), which integrates spatial information from photographs
where individual identification is not possible. This approach allows us to retain and utilize data that would
otherwise be discarded, thereby maximizing the use of all available data. We analysed ocelot’s activity pattern using
circular statistics, and temporal overlap was assessed with potential competitors and prey. The estimated ocelot
density was 3.73 (95% CRI: 2.84-4.85) individuals per 100 km?, similar to estimates in nearby regions such as Sierra
del Abra Tanchipa, San Luis Potosi, Mexico. The ocelot showed a nocturnal activity pattern, likely associated with
hunting behaviour, and high temporal overlap with prey species such as rodents, rabbits, and deer. Temporal
avoidance of apex predators (Panthera onca, Puma concolor, and Ursus americanus) suggests strategies to reduce

risk, while overlap with mesocarnivore like Urocyon cinereoargenteus may indicate coexistence probably by prey
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partitioning. Our findings highlight the importance of combining density and activity analyses, show that rt-SCR
provided reliable and precise estimates under our study conditions. This supports more accurate conservation
planning in ocelot populations like those in the EC-ST biological corridor.

Key words: activity pattern, camera trapping, density, northeastern Mexico, ocelot, random thinning spatial capture-
recapture.

Ocelot (Leopardus pardalis) densidad y patron de actividad en un corredor biolégico, noreste de México

El ocelote (Leopardus pardalis Linnaeus, 1758) es una de las seis especies de félidos presentes en México, sin
embargo, su ecologia aun es poco conocida. En este estudio se evalué densidad y patron de actividad del ocelote en
el corredor biologico El Cielo—Sierra de Tamalave (EC-ST) localizado en Tamaulipas, noreste de México. Se utilizd
el fototrampeo (52 estaciones dobles) para identificar individuos mediante sus patrones de pelaje. Para estimar la
densidad de poblacion, utilizamos el método de captura-recaptura espacial con aclareo aleatorio (rt-SCR), que
integra la informacion espacial de fotografias en las que no es posible identificar a los individuos. Este enfoque nos
permite conservar y utilizar datos que, de otro modo, se descartarian, maximizando asi el uso de todos los datos
disponibles. Se analizé el patron de actividad del ocelote mediante estadistica circular y se evalud el solapamiento
temporal con competidores y presas potenciales. La densidad estimada fue de 3.73 (95% CRI: 2.84-4.85) individuos
por cada 100 km?, similar a estimaciones en regiones cercanas como Sierra del Abra Tanchipa, San Luis Potosi,
Meéxico. El ocelote mostr6 un patron de actividad nocturno, probablemente asociado a su comportamiento de caza y
un alto solapamiento temporal con presas como roedores, conejos y venados. La evitacion temporal de carnivoros
tope (Panthera onca, Puma concolor y Ursus americanus) sugiere estrategias para reducir riesgos, mientras que el
solapamiento con un mesocarnivoro como Urocyon cinereoargenteus podria indicar una coexistencia probablemente
por reparticion de presas. Los resultados destacan la importancia de combinar analisis de densidad y patron de
actividad, ademas muestran que el rt-SCR proporciond estimaciones confiables y precisas bajo nuestras condiciones
de estudio. Este resultado respalda una planificacion de conservacion mas precisa en poblaciones de ocelote como las
del corredor biologico EC-ST.

Palabras clave: captura-recaptura espacial con aclareo aleatorio, densidad, fototrampeo, noreste de México, ocelote,

patrén de actividad.
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The presence and ecological role of carnivores within ecosystems are critical factors influencing their structure and
function. Predators such as the ocelot (Leopardus pardalis) play essential ecological roles, including regulating
herbivore populations, maintaining the balance of food webs, and serving as indicators of habitat health (Catala
2011; Dickman et al. 2014). Despite its ecological importance, ocelot populations have experienced significant
declines as a result of habitat loss and fragmentation, road mortality, and reduced genetic diversity (Bauni et al.
2017; Lombardi et al. 2021; Martinez et al. 2024). Estimating population density provides a quantitative baseline for
assessing population status, detecting trends over time, and evaluating the effectiveness of management actions
(Janecka et al. 2008). Likewise, understanding activity patterns helps identify temporal overlaps with prey,
competitors, and human activities, which is essential for mitigating conflict and designing targeted conservation
measures. These measures can include the establishment or restoration of biological corridors to maintain
connectivity, the regulation of infrastructure development in key activity zones, and the implementation of temporal
restrictions on human activities such as hunting or livestock grazing during peak ocelot movement periods (Dickson
et al. 2014). Through density estimation and activity pattern analysis, studies have progressively revealed the
behaviour of the ocelot across different regions and vegetation types (Gallo-Viracocha and Urgilés-Verdugo 2022;
Frohlich and Nanni 2023; Sternberg et al. 2023). Ocelot density varies according to vegetation type or the presence
of competitors rather than due to any latitudinal effect (Boas-Goulart et al. 2009; Carrera-Trevifio et al. 2018). These
factors, along with habitat quality and human disturbance, contribute to the wide variation in reported densities
across the species’ range. In Mexico, ocelot densities have ranged from as low as 3 individuals per 100 km? in the
Huasteca Potosina region (Martinez-Hernandez et al. 2015) to as high as 43.24 individuals per 100 km? in coastal
habitats of the Gulf of Mexico, specifically in the Laguna Madre and Rio Bravo Delta (Sternberg et al. 2023).
Internationally, extreme values include a maximum of 94.7 individuals per 100 km? in protected Peruvian Amazon
forests (Kolowski and Alonso 2010), and a minimum of 0.66 individuals per 100 km? in fragmented landscapes of
Bolivia (Ayala et al. 2010). On the other hand, although activity patterns have been recorded in different countries,
ocelots are predominantly nocturnal, consistent with their natural hunting behaviour (Pérez-Irineo and Santos-
Moreno 2014; Martinez-Hernandez et al. 2015; de la Torre et al. 2016). Variations in their activity patterns,
including activity during other times of the day, may occur due to the presence of anthropogenic factors that

influence their routine (Torres-Romero et al. 2017).
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Over time, density estimation techniques have evolved significantly, progressing from basic models to more
sophisticated approaches that incorporate individual movement simulations and allow a more realistic analysis of
how the species uses space (Jiménez et al. 2022). The use of Bayesian spatially capture-recapture (SCR) models has
enabled more accurate density estimates, particularly for elusive species (Anile et al. 2024). In this way, management
efforts aimed at developing conservation strategies become more effective, as they are informed by reliable estimates
of the current population in a given area.

Despite its broad distribution, the ocelot faces significant threats in Mexico, leading to its classification as an
endangered species under the Official Mexican Standard NOM-059 and in the United States of America, particularly
in southern Texas, which represents the northernmost limit of its distribution (USFWS 1982; SEMARNAT 2018,
2019). Habitat loss, illegal wildlife extraction, and poaching pose major challenges to the survival of ocelots and
their prey, highlighting the urgent need to study their populations and assess the impacts of anthropogenic pressures
on this emblematic species. Over the past decades, the ocelot's natural habitat has undergone substantial reductions,
primarily due to road construction, high-impact tourism developments, human-induced fires, and deforestation
(Blackburn et al. 2021a, 2021b). Recent ecological studies have examined the effects of anthropogenic variables on
ocelot populations, particularly their impact on density (Gil-Sanchez et al. 2021; Pasa et al. 2021) and activity
patterns (Cruz et al. 2018; Pérez-Irineo et al. 2021).

Tamaulipas is one of the few Mexican states hosting all six native felid species and is home to a diverse range of
vegetation types, some of which are protected within extensive protected natural areas such as biosphere reserves
Sierra de Tamaulipas and El Cielo, and flora and fauna protection area Laguna Madre y Delta del Rio Bravo
(Caballero-Rico 2019). The El Cielo biosphere reserve (ECBR), located within the Sierra Madre Oriental (SMO),
functions as a critical biological corridor, facilitating genetic flow between ocelot populations in the neighbouring
states of San Luis Potosi and Veracruz (Suarez-Mota et al. 2017). On the other hand, the Sierra de Tamalave is part
of a recently established protected natural area (PNA) called Monarch Butterfly Natural Landscape (MBNL). This
area is of particular interest as it aims to enhance connectivity among several protected areas through a section of the
SMO (GET et al. 2022). Although the El Cielo—Sierra de Tamalave (EC-ST) biological corridor provides well-
preserved habitats for ocelot survival, it also contains disturbed areas that may compromise connectivity and

population viability (Paolino et al. 2018; Thompson et al. 2020).
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To address this gap in knowledge, this study aims to leverage the potential of camera traps to assess ocelot
populations by estimating their density and analysing their activity pattern within the EC-ST biological corridor. We
also examine the activity of potential prey and competitor species to identify temporal overlaps and gain a deeper
understanding of the species’ ecological dynamics and behavioural adaptations. By integrating interdisciplinary
research approaches, this study will not only contribute to population density and activity pattern knowledge on

ocelots but also inform data-driven conservation and management strategies to ensure their long-term persistence.
Methods

2.1. Study area

The study was conducted in the El Cielo—Sierra de Tamalave (EC—ST) biological corridor, located in southern
Tamaulipas, Mexico (22°54° N; 99°10° W). The EC-ST biological corridor connects two mountainous regions in
northeastern Mexico: the El Cielo protected natural area, designated as a biosphere reserve, and the Sierra de
Tamalave, a portion of which is included within the recently established protected natural area Monarch Butterfly
Natural Landscape. The EC-ST biological corridor spans elevations ranging from 200 to 2,200 meters above sea
level and covers a total area of 2,711 km?, preserving tropical forest, xerophytic scrubland, temperate forest, and
even the northernmost distribution of cloud forest (Ochoa-Espinoza et al. 2023). The rainy season in the region
extends from April to October, while the dry season occurs from November to March (Carrera-Trevifio et al. 2018).
Both protected natural areas are part of the SMO biogeographic region, a corridor of great importance for species
migrating from the north. Additionally, their location promotes the coexistence of nearctic and neotropical species
(Contreras-Diaz et al. 2021).

2.2. Camera-trapping

A total of 52 paired camera trap stations were deployed from February 01 to July 14, 2023 (Fig. 1), primarily within
tropical forest. Infrared-triggered camera traps (Cuddeback H-1453, StealthCam QS20NGK and ScoutGuard SG565
models) were used. Cameras were programmed to capture two photographs per detection event, with medium
sensitivity and a minimum delay interval (5 seconds), and were positioned approximately 50 cm above the ground.
The distance between stations ranged from 1 to 3 km, based on the movement range of the target felid species (Satter
et al. 2019). No bait was used to attract wildlife. Camera traps were placed in locations that favoured the detection of
the species, such as trails, natural paths, or areas with signs of presence, in order to maximize detection rates and

obtain a robust sample size.
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Fig. 1 Monitoring points with paired camera trap stations in the El Cielo—Sierra de Tamalave biological corridor,
Tamaulipas, Mexico
2.3. Individual identification
Individual identification of ocelots in the photo captures was performed by one of the authors based on
morphological and phenotypic characteristics, primarily the unique spot pattern of each individual (Aranda 2012).
Sex determination was conducted by observing the presence of the scrotal sac in males and its absence in females.
Image processing and management were carried out using DigiKam® software, which facilitated the tagging and
organization of metadata for each photograph. Based on this, unique alphanumeric codes were assigned to each
individual and incorporated into their respective captures (Pérez-Solano 2019).

Subsequently, we used R software with the camt rapR package (Niedballa et al. 2016) to generate a structured
database from the metadata extracted from each photo capture. Using this information, we constructed three-

dimensional matrices (individual, trap, and occasion) for ocelots identified by both flanks (see supplementary
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material). In this analysis, we included blurry partial photo captures of the left flank that would have been discarded.
Excluding them could reduce sample size and compromise the reliability of density estimates for this species
(Jiménez et al. 2021). For non-identified detections, two-dimensional matrices (station and occasion) were generated
to enable random thinning spatial capture-recapture analysis.

2.4. Density

We estimated ocelot population density within a Bayesian framework using R (R Core Team 2025), applying
random thinning spatial capture-recapture approach (Jiménez et al. 2021). This modelling framework incorporates
spatial information from individual capture histories to estimate density. To assess the validity of the closed
population assumption and determine whether it held, we applied the closure.test function from the secr package
(Efford 2025). For this purpose, we restricted analyses to detections obtained between February 01 and June 10, a
time window within the total sampling period that best met the assumption of demographic closure.

In spatial capture-recapture (SCR) models, individual activity centres (ACs), is denoted by s = (sx, Sy) for each
individual i = 1, 2, ..., N, that are distributed within a defined area or state space (S). Detection events are recorded
through a network of camera traps systematically deployed across S. In our study, we modelled the spatial
distributions of individual ACs using a homogeneous point process, assuming that s;~Uniform(S). These ACs are
treated as latent variables within the model framework and are inferred from detection data collected across a set of
camera traps j = 1,2, ..., J, located at coordinates xj = (xj1, xj2).

Under the standard SCR framework, the probability of detecting and individual declines as the Euclidean distance dj;
increases between its activity centre s; and the location of a camera trap x;j. This spatial relationship was incorporated

into the model using the following detection function:

2
Aij = A(si,xj) = Ag X exp <— %)

In this formulation A, represents the baseline detection rate, corresponding to the scenario where the distance d;; =
0 and o functions as the scale parameter of the half normal detection curve. This parameter reflects the spatial extent
of individual movements and can be interpreted as a proxy for the mobility characteristics of the target species. In
Bayesian SCR frameworks where the true population size N is unknown, data augmentation techniques allow for the

estimation of unobserved individuals by introducing latent variables that represent potential but undetected members

of the population (Royle et al. 2013).
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zi~Bern(y)

In this framework, z; represents a partially latent binary indicator that denotes whether individual i is a true
member of N, and the parameter Y of the M data augmentation, and the membership of individual i in the
population:

yi’;zu |zi~Poisson(A;; - z;)

To account for detection events lacking individual identification, the model was extended using rt-SCR approach
(Jiménez et al. 2021). The assignment of individual identities to samples can be modelled as a “random thinning”
process, in which each sample retains its identity with probability 8 and loses it with probability 1 — 6. Thus, the

random thinning process yields two distinct data sets: one consisting of detections with confirmed individual

identities, and another comprising encounters lacking individual identification. This model incorporates a sub model

o . . . .. . 1 .
for model for individual identification y; ]D , conditional on the true encounter frequencies yl};_ “* | assuming:

y!P ~Binomial(y/*",6)

The unidentified encounter frequencies y3%° remain latent, with y2°*'® = y{7*¢ — y!P. For unidentified samples,

only the aggregate counts in each camera trap summed across captured individuals, defined as nnid;, = =N yi"jiw ,

can be observed (Royle et al. 2013; Efford 2019). A single individual may contribute to both encounter histories—

identified and unidentified—within the same camera trap.

The rt-SCR model was implemented in R and Nimble, with a Metropolis-Hastings update for y.f-u”

;; that follows

- I
the constraint y/}*'? = yif;_“ — ylP.

The state space (habitat mask), we implemented the zero’s trick in NIMBLE, buffering the trap array by three
times the estimated value of o (6,276 m, based on a preliminary fit). Beyond this buffered region, individuals are
assumed to have and effectively negligible probability of detection and are therefore treated as undetectable within
the model framework (Royle et al. 2013). Although density estimates tend to remain stable with buffer sizes
exceeding 3o, this threshold ensures that the model concentrates on individuals with a meaningful probability of
exposure to the detection array (Jiménez et al. 2021). Consequently, the zero’s trick confines inference to individuals
with a plausible probability of detection, thereby enhancing both the ecological validity of the model and its

statistical efficiency.



205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

Given the apparent heterogeneity in detections—where some stations recorded more detections than expected
under random conditions, while others recorded none—the null model was compared to a model incorporating a
random effect in detection, using the Widely Applicable Bayesian Information Criterion (WAIC: Watanabe 2013).

Bayesian models were implemented using Markov Chain Monte Carlo (MCMC) methods with three chains, each
consisting of 60,000 iterations each, including a burn-in of 10,000 iterations and thinning every 5 steps, yielding
30,000 posterior samples per parameter. Model convergence was assessed using the Gelman-Rubin diagnostic (R <
1.1) and visual inspection of trace plots (Gelman et al. 2013). For point estimates we reported posterior means,
except for population size, where we used posterior medians due to skewness. Uncertainty was expressed using 95%
Bayesian credible intervals (CRIs). For the goodness-of-fit (GoF) test we generated simulated detection data for all
M individuals in rows and J columns for the detectors using the MCMC process. We plotted the observed and
posterior predictions for each statistic, and we calculated the Bayesian p-value (used to measure the dissimilarity
between observed data and model-predicted data). The GoF was evaluated based on three statistics: total detections,
number of detected individuals, and number of visited camera traps (Jiménez et al. 2022). Data and R/NIMBLE code

used in the analysis are available in the Zenodo repository: https://doi.org/10.5281/zenodo.16950785

2.5. Activity pattern

Independent ocelot records obtained through camera trapping were grouped into 24 hourly categories starting at
00:00 h. Each record was classified into one of four activity categories: diurnal, nocturnal, crepuscular (dawn and
dusk), or cathemeral (uniform activity throughout the day) (Bennie et al. 2014; Ikeda et al. 2016). For this
classification, the exact date and time of each detection were used, and sunrise and sunset times were determined
using the online Time and Date platform (Time and Date 2023).

A database was created in Microsoft Excel (version 2308), incorporating the camera ID, date, and time of each
detection. Time was converted into decimal format, and the database was exported as a .csv file for analysis in R (R
Core Team 2023) using RStudio. The activity pattern was analysed through circular statistics, using the circular
package (Agostinelli and Lund 2017; Lépez-Tello 2019).

To assess activity directionality, Rayleigh’s test of uniformity (z) was applied for unimodal distributions, and Rao’s
spacing test (U) was used for bimodal or multimodal distributions. These tests allowed us to determine whether
activity was significantly oriented (e.g., diurnal, nocturnal, or crepuscular), or randomly distributed, suggesting a

cathemeral pattern (Sanchez-Reyes et al. 2009; Zar-Jerrold 2010; Oliveira-Santos et al. 2012).
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Based on a literature review, we identified key prey species and potential spatial and trophic competitors of the
ocelot across its distribution, with emphasis on records from Mexico (de Villa-Meza et al. 2002; Abreu et al. 2008;
Booth-Binczik et al. 2013; Dias et al. 2018; Contreras-Diaz et al. 2021; Branney et al. 2023; Ruiz-Gutiérrez et al.
2023). Only species that were actually detected within the EC—ST biological corridor through camera traps were
included in the analysis.

Temporal overlap between the ocelot and these species was estimated using the area under the minimum of two
kernel density curves, based on the hourly times of independent photographic events. This method assumes that the
detections represent random samples from an underlying continuous temporal activity distribution (Sanchez-Reyes et
al. 2009). Only species with more than 30 independent records were included (Fonseca-Prada et al. 2023).

To quantify these patterns more precisely, we calculated the overlap coefficient (A Dhat), choosing the estimator
based on the smallest sample size between each species pair: A; for sample sizes <50, A4 for sizes >75, and A, for
intermediate sizes (50-75), following a conservative approach (Ridout and Linkie 2009; Lopez-Tello 2019). Overlap
values ranged from 0 (no overlap) to 1 (complete overlap), and were interpreted as follows: low (A < 0.50), moderate
(0.50 < A<0.70), and high (A> 0.70), as proposed by Monterroso et al. (2014), Massara et al. (2018), and Contreras-
Diaz et al. (2021).

All analyses were conducted using the overlap package in R (Meredith and Ridout 2020), and comparative plots
were generated to visualize the temporal overlap between the ocelot and its potential competitors or prey. Data and R

code used in the analysis are available in the Zenodo repository: https://doi.org/10.5281/zenodo.16970591

Results

Between February and June 2023, a total sampling effort of 4,732 trap-days was achieved. During this period, we
recorded 165 ocelot detections. From 147 events, 33 individuals were identified, resulting in a total of 60 recaptures.
Most detections (n = 22) occurred at a camera located near a fenced area containing remnants of tropical forest and
secondary vegetation, within a private land in the municipality of Ocampo, on the Sierra de Tamalave. In addition to
the identified records, 18 unidentified records were included in the analysis to enable the use of random thinning-
SCR.

Two males, OM36 and OM43, accounted for the highest number of detections (n = 21 and n = 19, respectively). In

terms of sex identification, 6 females, 18 males, and 9 unsexed individuals were recorded.

10
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The model including a random effect by site in detection was selected (WAIC = 148.56) over the null model
(WAIC = 149.87). Results from the closure test indicated that the closure assumption was not violated (Z =-1.28, p
=0.099). The estimated population size was N = 50 individuals (95% CRI: 38—65), with a density of 3.73
individuals/100 km? (95% CRI: 2.84—4.85). The spatial scale parameter, c—descriptive of movement—was
estimated at 2.10 km (95% CRI: 1.75-2.45). The coefficient of variation (CV) for the population size estimate was
0.14.

The GoF was satisfactory across the three evaluated statistics, with Bayesian p-values of 0.82 for total detections,
0.35 for detected individuals, and 0.37 for camera traps visited (Fig. 2). Predicted activity centres (Fig. 3) indicated a

higher concentration of ocelot in the northern sector of the study area.

Total detections Animals detected Total detectors visited
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Fig. 2 Comparison of observed values (red lines) with posterior predictive distributions generated by the random
thinning spatial capture-recapture model. The corresponding Bayesian p-values appear in the top right of each

histogram
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Fig. 3 Predicted distribution of ocelot activity centres in the El Cielo—Sierra de Tamalave biological corridor,
Tamaulipas, Mexico, derived from random thinning spatial capture-recapture modelling of spatial detection histories.
Camera trap locations are shown as red crosses

Regarding activity patterns, based on data from the entire sampling period with a total of 8,528 trap-days, the
ocelot exhibited a nocturnal activity distribution (Rayleigh’s z = 0.58, p < 0.05), with two distinct activity peaks: one
between 04:00 and 05:00 h (n = 26 detections) and another between 23:00 and 00:00 h (n =22 detections) (Fig. 4).

Minimal activity was observed during daylight hours.
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282 Fig. 4 Activity pattern of ocelot in the El Cielo—Sierra de Tamalave biological corridor, Tamaulipas, Mexico. The
283 figure shows a circular histogram in which the numbers around the perimeter represent the 24 hours of the day.
284 Yellow areas indicate daylight hours, grey areas represent nighttime hours, and the blue bars correspond to the

285 number of photographic records per hour

286 Based on the minimum number of records required for overlap analysis, jaguar (Panthera onca), cougar (Puma
287 concolor), grey fox (Urocyon cinereoargenteus), and black bear (Ursus americanus) were identified as potential
288 competitors. Jaguarundi (Herpailurus yagouaroundi), margay (Leopardus wiedii), and bobcat (Lynx rufus) were
289 excluded due to having fewer than 30 independent records. As for potential prey species, lowland paca (Cuniculus
290  paca), central american red brocket (Mazama temama), white-nosed coati (Nasua narica), white-tailed deer

291 (Odocoileus virginianus), and eastern cottontail (Sylvilagus floridanus) were included in the analysis, while nine-
292 banded armadillo (Dasypus novemcinctus), common opossum (Didelphis marsupialis), and virginia opossum (D.
293 virginiana), was excluded for not meeting the minimum record threshold.

294 Regarding the overlap analysis results, among the competitors, jaguar (A4 = 0.77) and grey fox (A; = 0.74) showed
295 high temporal overlap with the ocelot, followed by cougar (A; = 0.57) with moderate overlap, and black bear (A =

296 0.41) with low overlap (Fig. 5).
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Fig. 5 Activity patterns of the ocelot and its competitors in the El Cielo—Sierra de Tamalave biological corridor,

Tamaulipas, Mexico. The red line represents ocelot activity; the black line represents the activity of the competitor

species. The grey area indicates the time period during which both species' activities overlap. a) jaguar (Panthera

onca), b) grey fox (Urocyon cinereoargenteus), c) cougar (Puma concolor), and d) black bear (Ursus americanus)

Among the potential prey species, lowland paca (A4 = 0.82) exhibited high temporal overlap with the ocelot.

Moderate overlap was found with eastern cottontail (A4 = 0.67) and central american red brocket (A4 = 0.53), while

white-tailed deer (A4 = 0.34) and white-nosed coati (A4 = 0.34) showed low overlap values (Fig. 6).
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prey species. The grey area indicates the time period during which both species' activities overlap. a) lowland paca

(Cuniculus paca), b) eastern cottontail (Sylvilagus floridanus), c) central american red brocket (Mazama temama), d)

white-nosed coati (Nasua narica), and e) white-tailed deer (Odocoileus virginianus)
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Discussion

Estimating population density is a critical step for understanding the conservation status of the ocelot (L. pardalis) in
Mexico, particularly in the northeastern portion of its range where the species reaches its distributional limit.
Reliable density estimates provide essential information for evaluating population viability, identifying priority areas
for conservation, and guiding management actions in landscapes increasingly affected by habitat loss and human
activity. In the country, studies on ocelot density remain scarce and geographically biased toward southern regions,
leaving a significant knowledge gap for populations in the north.

To partially fill this gap, the results of our study indicate that the density of ocelot was 3.73 individuals/100 km?
(95% CRI: 2.84-4.85) and is within the lower range of values previously reported for the species in northeastern
Mexico. For example, in the Sierra del Abra Tanchipa, a mountainous region adjacent to our study site, densities
between 3 and 18 individuals/100 km? were reported (Martinez-Hernandez et al. 2015). Similarly, telemetry studies
conducted in the Lower Rio Grande Valley, Texas, found densities around 3 individuals/100 km? (Haines et al.
20006). In contrast, substantially higher values have been documented in nearby areas such as Laguna Madre (43.24
individuals/100 km?) and the Sierra de Tamaulipas (28.19 individuals/100 km?) (Sternberg et al. 2023).

Beyond Mexico, comparisons at the international scale provide further context. Internationally, ocelots have been
recorded at higher densities, from 22.34 individuals/100 km? in the Pantanal (Trolle and Kéry 2005) to over 90
individuals/100 km? in the Peruvian Amazon (Kolowski and Alonso 2010), reflecting differences in prey availability,
human impact, and landscape connectivity (Table 1).

Taken together, these contrasting estimates highlight the influence of multiple ecological and methodological
factors, these variations in ocelot density may be attributed to multiple ecological and methodological factors.
Differences in habitat continuity, human disturbance, and prey availability likely play a key role (Boas-Concone et
al. 2025). Moreover, the EC-ST biological corridor lies within a biogeographic convergence zone between the
Neotropical and Nearctic realms, which supports a unique assemblage of carnivores. The confirmed presence of
three apex predators jaguar, cougar, and black bear may be exerting top-down regulatory pressure on ocelot
populations via competition or intraguild predation (Soria-Diaz et al. 2017; Contreras-Diaz et al. 2021). These
interactions can suppress mesocarnivore densities and influence their spatial behaviour, as observed in other

carnivore guilds (Allen et al. 2024). Given the location of the jaguar's activity centres in the area (Manuel-de la Rosa,
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pers. comm.), it cannot be ruled out that the heterogeneity detected in the ocelot model may be a consequence of
interaction with the jaguar.

In addition to ecological interactions, another major contribution of this study lies in its use of Bayesian spatial
capture—recapture models incorporating random thinning, representing the first application of this method for ocelots
in Mexico. Traditional SCR models rely exclusively on high-confidence individual identifications, which leads to the
exclusion of a substantial number of photographic records particularly those that are blurry, obscured, or taken at
suboptimal angles. By contrast, random thinning allows for the inclusion of partial records by probabilistically
integrating them into the model structure, thus minimizing data loss (Jiménez et al. 2021) although in this case, with
numerous identified detections, the expected improvement from using random thinning-SCR would likely be limited.

This methodological advance is especially valuable for cryptic and low-density species, where detection rates and
recapture probabilities are inherently low. In recent years, random thinning has gained attention for its ability to
enhance parameter estimates and reduce bias in spatial models (Anile et al. 2024). Comparative studies in other
carnivores have demonstrated its efficacy in retaining ecological signal while managing uncertainty in individual

recognition.

Table 1. Ocelot density estimates across its geographical distribution.

Country  Study area Method Density Year Reference
EE. UU. Rio Grande Valley CR 30 2003-2004 Haines et al. 2006
Mexico  Sierra de Tamaulipas 28.19

Ié?fgga Madre y Delta del Rio SCR 4324 2017 Sternberg et al. 2023

El Cielo-Sierra de Tamalave

biological corridor rt-SCR  3.80 2023 This study
Nacori Chico SCR 4.33 2009 Greenspan et al. 2020
Northern Jaguar Reserve CR 0.24 2010-2012 Goémez-Ramirez et al. 2017
Sierra Abra-Tanchipa CR 4 2011-2012 Martinez-Hernandez et al. 2015
Los Chimalapas CR 2238 2011-2013 ggr&z‘hmeo and Santos-Moreno
Selva Lacandona CR 12.9 2007-2008 de la Torre et al. 2016
El Eden Ecological Reserve ~ CR 14 2008 Torres-Romero et al. 2017
Belize Chiquibul CR 12.61  2003-2004 Dillon and Kelly 2008
. Open- 6.5-—
Broadleaf forest sites SCR 14.7 2004-2016  Satter et al. 2019
Guatemala 1) Burral Central biological - gep 15 06 5008 Contreras et al. 2016
corridor
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364

Costa Talamanca-Caribbean CR 6.4 2009 Gonzalez-Maya and Cardenal-

Rica Biological Corridor Porras 2011
Panama  Cana CR 62.7 2005 Moreno and Bustamante 2009
Barro Colorado Island SCR 15.87 2012 Rodgers et al. 2014
Colombia Valle del Cerrejon CR 24 2013-2014 Padilla-Rivera et al. 2020
Palmarito CR 23 2009 Diaz-Pulido and Payan-Garrido
2011
Bojonawi Nature Reserve SCR 1.8 2018 Garrote et al. 2019

Ecuador  Tiputini Biodiversity Station CR 41.5 2010-2011 Mosquera et al. 2016

Lorocachi (Yasuni) CR 34.8 2008-2009 Salvador and Espinosa 2016
Peru Peruvian Amazon CR 94.7 2008 Kolowski and Alonso 2010

Las Piedras River CR 70 20122013 Castagnino-Vera 2017
Bolivia Hondo River SCR 0.66 2005 Ayala et al. 2010

Gran Chaco SCR 19 2002-2004 Maffei and Noss 2008
Brazil Pantanal CR 22.34 2004 Trolle and Kéry 2005

Caraguata Ecological Reserve CR 4 2006 Boas-Goulart et al. 2009
Argentina San Pablo Reserve CR 152 2021 Frohlich and Nanni 2023

Urugua-i Provincial Park CR 7.7 2004 Di Bitetti et al. 2006

Method: CR = non-spatial capture-recapture; rt-SCR = random thinning spatial capture-recapture; SCR =
spatial capture-recapture

For species like the ocelot, with complex coat patterns and variable camera conditions in the field, this method can
be crucial to extract maximum information from datasets that would otherwise be partially discarded.

Complementing these density estimates, our behavioural analyses revealed that the ocelot exhibited a nocturnal
activity pattern, with two distinct peaks between 04:00—05:00 and 23:00—0:00 h. This pattern is consistent with
observations in other Mexican regions, where ocelots have been shown to be predominantly nocturnal (Ayala et al.
2010; Pérez-Irineo and Santos-Moreno 2014; Martinez-Hernandez et al. 2015; de la Torre et al. 2016). Studies
conducted in or near the EC-ST region have also reported similar nocturnal and bimodal patterns (Carrera-Trevifio et
al. 2018).

To interpret these activity patterns, several hypotheses have been proposed to explain this behaviour. One suggests
that ocelots follow the temporal activity of their main prey, many of which are also nocturnal (Salvador and Espinosa
2016; Penido et al. 2017). Another proposes that nocturnality may reduce the risk of encounters with humans or

larger predators, particularly in areas with moderate disturbance (Santos et al. 2019). Interestingly, some studies have
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shown that even under conditions of high human presence, ocelots retain their nocturnal activity patterns, suggesting
limited behavioural plasticity in response to anthropogenic factors (Sandoval-Serés et al. 2022). In our study area, the
relatively low human density and habitat buffering may allow ocelots to maintain their natural temporal rhythms
without the need to shift activity to avoid disturbance.

When examining overlap with sympatric carnivores, the highest temporal overlap of the ocelot was observed with
jaguar. The high overlap with jaguar may reflect temporal coincidence rather than spatial coexistence. Several
studies have shown that smaller carnivores, such as the ocelot, often adjust their activity patterns to avoid encounters
with larger intraguild competitors (de Oliveira et al. 2010; Oliveira-Santos et al. 2012). This strategy could explain
the moderate overlap observed with cougar, suggesting that the ocelot may be shifting its activity to reduce the
likelihood of direct interactions. Such behavioural adjustments may represent an adaptive response to the risk of
predation or competitive exclusion, especially considering that both jaguars and cougars have been reported to
occasionally prey on ocelots (Emmons 1988; Murray and Gardner 1997; Perera-Romero et al. 2021).

In contrast to these interactions between felids, the low overlap with black bear may be related to this species' more
flexible and variable activity patterns, which are largely influenced by the seasonal availability of plant-based foods.
Given that up to 70% of its diet consists of plant material, the black bear tends to be active during daylight and
crepuscular hours (Bridges et al. 2004; Martinez-Gonzalez et al. 2025), resulting in reduced temporal overlap with
the primarily nocturnal ocelot.

Shifting from interspecific interactions to prey dynamics, our results are consistent with previous studies indicating
that some felids, such as the ocelot, adjust their activity patterns in response to those of their prey, showing a “mirror
effect” (Weckel et al. 2006; Harmsen et al. 2011; Hernandez-SaintMartin et al. 2013). In fact, the ocelot’s nocturnal-
crepuscular activity coincides with that of pacas, which are mostly nocturnal (Dias et al. 2018; Sandoval-Serés et al.
2022).

The moderate overlap observed with eastern cottontail also supports previous findings that identify it as one of the
ocelot’s main prey species in other regions (Sanchez et al. 2008; Booth-Binczik et al. 2013). Outside the survey
period but within the study area, we obtained photographic evidence of an ocelot carrying an eastern cottontail in its
mouth, confirming active predation of this species (see supplementary material).

Both red brocket deer and white-tailed deer have also been reported in the ocelot’s diet (de Villa-Meza et al. 2002;

Abreu et al. 2008; Booth-Binczik et al. 2013), although predation likely focuses on juveniles or subadults due to their
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smaller size and reduced ability to defend themselves. This is particularly relevant for white-tailed deer, which can
reach up to 150 kg in adult males (Ceballos 2014). Their low to moderate temporal overlap with the ocelot in our
study may be explained by their primarily diurnal activity, a strategy that likely reduces predation risk from
nocturnal carnivores and helps avoid apex predators (Martinez-Gonzalez et al. 2025).

The white-nosed coati showed one of the lowest overlap values with the ocelot. This could be due to several
ecological or behavioural factors, such as its diurnal activity pattern, group-living behaviour, and potential use of
open areas, which may reduce the likelihood of temporal and spatial encounters with the ocelot (Pérez-Irineo and
Santos-Moreno 2016). Additionally, the white-nosed coati’s foraging strategies and group vigilance may make it a
less accessible or less preferred prey for solitary predators such as the ocelot (Reid and Gémez-Zamora 2022).

Overall, these results underscore the importance of understanding both the spatial and temporal ecology of ocelot is
crucial for its conservation. The species is currently listed as Endangered in both Mexico and the United States
(USFWS 1982; SEMARNAT 2019), and its persistence depends heavily on the availability of prey (Martins-Wolff
et al. 2019), habitat connectivity, and low levels of human-induced mortality. Overhunting of prey species could
further disrupt trophic dynamics and intensify intraguild competition (Palomares and Caro 1999; Tlapaya and
Gallina 2010), emphasizing the importance of protecting large, contiguous areas of forest with minimal disturbance.

This study demonstrates that ocelot density within the EC-ST biological corridor is at the lower end of values
reported for the species across its range. Such reduced densities are likely shaped by a combination of ecological
factors, including prey availability, habitat continuity, and potential interactions with larger predators. In other hand,
the application of Bayesian rt-SCR models provided reliable and precise density estimates, demonstrating their
suitability for monitoring elusive carnivores in heterogeneous landscapes. Complementarily, activity pattern analyses
revealed the predominantly nocturnal behaviour of ocelots, consistent with an efficient hunting strategy and temporal
coexistence with apex predators such as jaguar, cougar, and black bear provides the first evidence of their co-
occurrence with ocelots in this region, emphasizing its role as a key area for the coexistence of multiple carnivore
species and other mammals. These behavioural insights underscore the value of activity patterns as a tool to evaluate
species responses to ecological and anthropogenic pressures. In this context, the construction of a highway crossing
parts of the EC-ST biological corridor represents a critical threat to wildlife populations, and monitoring activity

patterns may help assess the potential impacts of such infrastructure.
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Collectively, these findings emphasize the ecological importance of the EC-ST biological corridor as a key refuge
for ocelots in northeastern Mexico and reinforce the urgency of conserving both habitat integrity and prey resources
to support the long-term persistence of the species in this distributional frontier.
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Electronic supplementary material

ESM 1.—Identification of an individual ocelot (Leopardus pardalis) based on camera trap photographs showing
both left and right flanks, obtained in El Cielo-Sierra de Tamalave biological corridor, Tamaulipas, Mexico.

ESM 2. —Camera trap photograph of an ocelot (Leopardus pardalis) carrying an eastern cottontail (Sy/vilagus
floridanus) in its mouth, taken in the El Cielo—Sierra de Tamalave biological corridor, Tamaulipas, Mexico. This
record, obtained outside the established sampling period, nevertheless provides evidence of predation and contributes

to the understanding of the species’ trophic ecology.
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