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Executive Summary 
 Carnivores, both large and small, are drivers of ecosystem structure. Through cascading 

trophic effects, carnivores not only influence prey species populations and in turn vegetation 

composition, but also populations and behavior of other carnivores. The dynamics of these 

intraguild interactions are varied and often difficult to discern, not only because these 

relationships vary by region, but because carnivores are typically solitary and elusive species. 

Carnivores are also often endemic and endangered due to threats like habitat fragmentation, 

poaching, and global climate change. Robust monitoring of carnivore populations is vital to their 

effective conservation. In this study, I explore the effectiveness of camera trapping for 

monitoring elusive carnivores and detecting intraguild interactions of four neotropical felids in 

Ecuador.  

First, I compiled morphological information about each species across Central and South 

America and created a regional identification guide. This is an important contribution to 

conservation in the region because three of the study species belong to the same genus and are 

very similar in appearance, making them difficult to identify in photos. Using the guide and 

camera trap data from 2016 and 2022 from the Santa Lucia Cloud Forest Reserve (SL) near 

Quito, Ecuador, I manually sorted camera photos and corrected misidentifications. I found 

evidence that all three species are present in SL. However, the two smaller species are so similar, 

that these identifications should be confirmed genetically for certainty. This guide will assist the 

reserve staff in the identification process, as well as be a useful tool for the reserve’s many local 

educational programs.  

Second, I determined the spatial and temporal activity patterns for each species, as well 

as interspecies differences in these patterns. I modeled the effect of environmental variables 

including land use/land cover (LULC), elevation, and the distance to the nearest tourist site, on 

species occupancy and detection probability. I used the results to predict the detection probability 

of each species. Some species shared patterns, whereas others manifested distinct activity 

patterns, providing evidence for temporal and spatial niche partitioning among the felids, likely 

due to a combination of competitive avoidance and predation avoidance. These results will help 

inform future monitoring at SL and provide a foundation for understanding how felids in SL 

interact and the potential impacts of ecotourism in the area.  



Abstract 

 
The intraguild dynamics of apex and meso-carnivores contribute to the structure and 

resiliency of ecosystems, but temperature change and habitat loss threaten carnivores globally. 
This study explores the spatial and temporal behavior of four felid species (Puma concolor, 
Leopardus pardalis, Leopardus wiedii, and Leopardus tigrinus) in the Santa Lucia Cloud Forest 
Reserve (SL), near Quito, Ecuador. I used camera trap data from 2016 through 2022 to identify 
felid species and compare temporal trends in activity, distribution, and occupancy in relation to 
environmental factors. I then used the species-specific models to predict species occupancy in 
the unmonitored regions of the reserve. These results inform future monitoring efforts and 
provide insight into the extent of potential interactions among these four felids.   
 
Resumen 
 

Las dinámicas entre carnívoros grandes y los del tamaño mediano definen la estructura y 
resistencia de un ecosistema, pero el cambio climático y la destrucción del hábitat amenaza a los 
carnívoros globalmente. Este estudio explora los comportamientos espaciales y temporales de 
cuatro especies felinas (Puma concolor, Leopardus pardalis, Leopardus wiedii y Leopardus 
tigrinus) que están en la Reserva del Bosque Nublado de Santa Lucia (SL) cerca de Quito, 
Ecuador. Usé los datos de cameras trampas colocadas desde 2016 hasta 2022 para identificar las 
especies felinas y comparar tendencias temporales de la actividad, la distribución, y la ocupación 
de las especies en relación con factores ambientales. Usé los modelos específicos de cada especie 
para predecir la ocupación de las especies en las regiones no supervisadas de la reserva. Los 
resultados informan proyectos futuros de supervisar estas especies y aporta información sobre las 
interacciones potenciales entre las cuatro felinas.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Introduction 
 

Species interactions across all trophic levels define ecosystems and are critical to 
measuring their health and resilience for conservation. Identifying these interactions can be 
difficult, especially for elusive and solitary species like felids. As carnivores, felids can directly 
and indirectly shape ecosystem structure through top-down effects on prey populations (Winnie 
Jr, 2017). Apex carnivores also play a role in determining the behavior and niche occupancy of 
mesocarnivores (Codron, 2018). The intraguild dynamics of felids shape the structure of an 
ecosystem as much as predator-prey dynamics.  

Interspecific interactions of carnivores can take on various forms from commensalism to 
competition to predation. The type of interaction is influenced by the extent of niche overlap 
(spatial, dietary, temporal) between species. Many studies on tropical carnivores have found 
evidence that morphologically similar species tend to have contrasting temporal and spatial 
activity patterns (Di Bitetti, 2010). Adjusting temporal activity allows species to coexist within a 
space while sharing the same necessary resources. It also allows smaller carnivores to avoid 
predation by the larger, apex predators with whom they share fewer resources. These 
adjustments may become more distinct with human disturbance, which seems to affect large 
carnivores less strongly than mesocarnivores based on changing activity patterns to avoid 
humans. (Rodriguez, 2021).  

The goal of this study is to evaluate the behavioral patterns of felids in Ecuadorian cloud 
forests to investigate how species within the same guild interact with their shared environment 
and each other. To do so, I use camera trap data on four Neotropical felid species: the Puma, 
Ocelot, Margay, and Northern Tiger Cat. I first explore methods for accurately distinguishing 
between Ocelots, Margays, and Northern Tiger Cats, which are morphologically similar. I then 
assess spatial and/or temporal patterns in felid activity across the study area and assess the 
possible causes of these patterns. This assessment will be used to predict the preferred habitats of 
each species within the reserve to help inform future monitoring efforts.  

Based on previous studies and observations of the intraguild dynamics of these species, I 
expect to observe both species-specific and shared activity patterns. Furthermore, I hypothesize 
that the Ocelot competes with the Puma more than the two smaller species; therefore, the Ocelot 
behavioral patterns will be spatially and temporally separate from the puma. Likewise, I 
hypothesize that the two smaller species also compete for resources and will have spatial and 
temporal differences in activity as well as patterns of avoidance of the two larger carnivores due 
to predation risk. By identifying the factors that determine felid occupancy, including 
interactions with other felid species, we can better predict their behavior and habitat preferences 
to inform conservation efforts. 
 
Methods 
 
Study Area 
 

The study was conducted in the Santa Lucia Cloud Forest Reserve (SL) in Nanegal, 
Ecuador, located about 80 km northwest of Quito, in the province of Pichincha (Figure 1). The 
reserve lies within the Choco-Andino Biosphere Reserve and a designated ecological corridor for 
the endangered Andean Bear (Tremarctos ornatus). SL has an area of approximately 730 ha and 

https://en.wikipedia.org/wiki/Quito
https://en.wikipedia.org/wiki/Pichincha_Province


an elevational range of ~1300 to ~2500 meters above sea level (Santa Lucia Ecolodge, 2020). SL 
was originally an agricultural collective until the late 1980s when the surrounding region was 
declared protected forest. The community made the decision to shift from agriculture to 
community-based conservation and ecotourism. The original families of the collective continue 
to manage SL including the Ecolodge they built in 1999 and lead various educational programs 
and research contributing to their mission to sustainably conserve the cloud forest and its natural 
resources in support of the SL community (Santa Lucia Ecolodge, 2020). Although there are still 
pastures and plantations within its borders, about 80% of the reserve is primary cloud forest and 
home to many endemic and endangered species such as the Andean Bear, 300+ orchid species, 
400+ bird species, and five felid species (Santa Lucia Ecolodge, 2020); Puma concolor (Puma), 
Puma yagouaroundi (Jaguarundi), Leopardus pardalis (Ocelot), Leopardus wiedii (Margay), and 
Leopardus tigrinus (Northern Tiger Cat / Tigrina / Oncilla), all listed as near threatened or 
vulnerable in Ecuador (Tirira, 2017). This study focuses on the felid species of SL, excluding the 
Jaguarundi due to too few observations.  
 

 
(Figure 1) 

Map of the Santa Lucia Cloud Forest Reserve. The red dot in the map of Ecuador indicates the 
location of SL. Dashed lines indicate hiking trails into and throughout the reserve. Icons represent 

popular tourist sites with more human activity.  
 

The Puma is a large, tawny-red colored felid that is very distinct from the other species in 
this study (Figure 2). Pumas are cathemeral, meaning they adjust their temporal activity based on 
prey availability or the presence of other competitive species (Botts et al., 2020). Their habitat is 
extensive and ranges from North through South America at all elevations. While the Puma is the 
apex carnivore in North America, the Jaguar (Panthera onca) often outcompetes it in Central and 
South America. In South America, competition with the Jaguar may have altered the South 



American Puma’s diet, leading to its slightly smaller build compared to North American Pumas 
(Iriarte 1990).  

 
(Figure 2)  

Camera trap photo of a Puma in the Santa Lucia Cloud Forest Reserve. 

The Leopardus genus consists of at least eight species of small- to medium-sized spotted 
cats that range from southern Texas throughout South America. This genus is generally 
understudied, especially in montane, tropical forests of the Northern Andes (da Cunha, 2017). In 
fact, Leopardus tigrinus is one of the least understood felids in the Neotropics because of 
taxonomic uncertainty due to the plesiomorphic morphology of this genus (Gonzalez-Maya, 
2022). The physical similarities within this genus make species identification difficult and have 
led to a trend of combining multiple genetically distinct species into one taxonomic species. In 
fact, genetic studies have identified seven different haplogroups suggesting as many as six 
different species or subspecies within the Leopardus tigrinus taxonomic group (Ruiz-Garcia, 
2017). Today, four subspecies of Leopardus tigrinus are recognized despite geomorphological 
classifications that suggest they are three distinct species (Figure 3) (Nascimento, 2017). 
Additionally, these species share many behavioral similarities, including dietary overlap of up to 
84% in some areas (Silva-Pereira, 2011). They are also generally cathemeral, like the Puma, 
except for the Margay and Ocelot which are primarily nocturnal (Vanderhoff, 2011) (Nagy-Reis, 
2019). As mesocarnivores in varied habitat, this group, particularly the Ocelot, which is the third 
largest felid in South America, could occupy higher trophic levels (Easter, 2020). The Ocelot 
may compete with both the smaller Leopardus species (often referred to as the “Ocelot effect”) 
(de Oliveira, 2010) and the Puma depending on prey availability.  



 
(Figure 3) 

Distribution of three morphologies of L. tigrinus in Central & South America (Nascimento 2017). 

Camera Trapping 
 

Although radio telemetry and tracking continue to increase in popularity for studies on 
elusive species with large home-ranges, such as the Puma, this method increases risk to both the 
animal and researchers and is expensive (Trolliet, 2014). Camera trapping is a more accessible 
method for observing wildlife and allows for calculations of population parameters in unmarked 
populations such as population density (Palencia, 2021).  Cameras set up in a grid allow for large 
areas to be monitored and have been found to yield the same results and spatial distributions as 
GPS collars while also being able to provide insight into interspecific interactions (Triguero-
Ocaña, 2020).   

In 2012, the Coordinator of Scientific Research, Holger Beck (HB), started a camera 
trapping program to determine the species present within SL. In 2016, additional camera traps 
were distributed across the reserve, and the goal of the program evolved to studies of animal 
behavior and conservation, particularly as an educational tool for local schools. Since then, a 
total of 46 cameras across 27 sites along existing trails have been placed in SL (Figure A1, 
Appendix A). The site, camera name, and start and end date were recorded for each camera 
trapping session, which varied in length from a single day (due to camera malfunctions or 
animals knocking them down) to more than a year of continuous monitoring. Several camera 
makes/models were used including RECONYX, Bushnell, Zecre, and General. All camera 
models use infrared imaging to capture nighttime activity, which other studies have identified as 
the most effective method specifically for capturing photos of felids as opposed to flash 



photography (Trolliet, 2014). Due to limited resources, accessibility and the risk of 
poachers/trespassers damaging or stealing equipment, all camera traps were placed on hiking 
trails. The non-systemic placement of cameras limits our ability to assess the impact of trails on 
felid detection in this reserve. However, previous research in other regions of Ecuador have 
found that larger mammals frequently use man-made trails to travel, and large carnivores show 
negligeable avoidance of trails (Blake, 2017). Meanwhile, other studies observed greater 
avoidance of trails with higher human activity by medium and small-bodied felids (Rodriguez, 
2021). For each session, a single camera was placed about knee height (under one meter) facing 
the trail at a direction that provided the furthest visibility range possible for the camera to detect 
movement. Camera traps were set to record the date, time, and temperature for each animal 
observation.  Characteristics of each site (geographical location, forest type, elevation, and 
distance from the ecolodge) were cataloged upon placement.  
 
Species Identification 
 
 To identify cat species, HB reviewed all photos and attributed a species name. Due to the 
physical similarities between the three spotted cat species (Figure 4), many of the initial 
identifications were uncertain or labeled by their common genus. These similarities also prevent 
use of any species identification software, so all photos were processed manually. To verify the 
identification of the Leopardus species, I first compiled extensive behavioral and morphological 
information on each species, particularly focused on the morphotypes/subspecies occurring in 
this region of Ecuador (Tirira, 2017). I then derived an identification taxonomy for this region 
based on animal size, head profile/face shape, tail size and position, and color/spot pattern 
(Appendix C) (de Oliveira, 2020). While the consideration of these features may improve species 
identification methods in Santa Lucia, it should be emphasized that only genetic testing can 
identify species with absolute certainty, particularly for L. wiedii and L. tigrinus, as the rate of 
hybridization is unknown in this study region. 

 
(Figure 4) 

L. pardalis, left. L. wiedii, center. L. tigrinus, right. Red markings indicate clear, distinguishing features. 
Animal size is not obvious due to the scale of the photos; however, L. pardalis has a noticeably thicker, 

more muscled body and head/neck than the two smaller species. 
 

 
 
 



Occupancy Modelling & Spatial Analysis 
 
 Detection and species occupancy probability were assessed based on the presence-
absence of each species using tools in the Unmarked package (Fisk & Chandler, 2011). To 
account for differences in the length of trapping effort, i.e., the number of days a camera was 
operational, observations were condensed into weekly periods (Palmer, 2019). To create the 
inputs for this model, I first organized the species observations by site and assigned binary values 
for present/observed (1) and absent/not observed (0). If there was at least one day in a week that 
a felid was observed, it was marked as present (1). Weeks with no camera present at a given site 
were marked as “NA”. Next, I created a data frame summarizing the covariates of each site. 
These covariates included elevation, distance to the nearest tourist site, and land use/land cover 
(LULC) (i.e., primary forest, secondary forest, varied, pasture/plantation).  
 First, I ran naïve models for each species that assumed constant detection probability 
(100% chance of detection) and constant occupancy (100% of sites occupied). The second set of 
models assumed constant detection probability but investigated the relationship between 
occupancy and the covariates. The final set of models assumed constant occupancy and assessed 
the impact of the covariates on detection probability. The covariates can influence both detection 
and/or occupancy probability, whereas other variables, such as time, would only apply to 
detection probability (Byrne, 2021). Modeling with two different assumptions was necessary due 
to the different home-range sizes of each species. The average home ranges of all four species 
encompass the entire area of SL, meaning observations at any site likely indicate that the species 
are present throughout the reserve and a model of constant occupancy is a better fit (Kasper, 
2016). I determined the best fit models for each species by comparing AIC values (Table B1, 
Appendix B) which were used to predict the occupancy and detection probability of each 
covariate (Table B2, Appendix B). All results were visualized spatially which involved three 
processes: 1. digitizing the reserve features, 2. kernel density estimation (KDE), and 3. spatial 
predictive modeling. 

No geospatial datasets existed for the reserve aside from collections of point coordinates 
for the camera trap locations and tourist sites. To visualize the results of the camera trap data and 
occupancy models, I digitized a map of the reserve boundary, LULC, and trails using a photo of 
a map of the reserve posted at the ecolodge (Figure A2, Appendix A). I used a 2nd order 
polynomial transformation and 12 control points to accurately align the photo with the true 
location of the reserve features. I assigned values to each pixel of the georeferenced image 
according to LULC type. This required three reclassification steps to address the error in the 
originally assigned pixel values due to image quality and glare/lighting in the photo (Figure A3, 
Appendix A) The remaining reserve features were created by manually tracing them on the 
georeferenced image (Figure 1). 
 To predict and visualize species distributions, I employed KDE, an increasingly common 
method for distribution and home range estimation across many taxa (Seaman, 1996). This 
dataset contains many observations at the same geographic locations, so I used the density of 
observations at each site to identify the trapping locations that had higher proportions of 
observations for each species. The final product of this step in the analysis was a series of maps 
showing hotspots of activity for each species (Figure 6). 
 The goal of the spatial predictive modeling is to predict the preferred habitat for each 
species by assessing the relationship between occupancy and the covariates (LULC, elevation, 
and proximity to human activity). I first converted all covariates into raster format. The trails of 



SL were included as an additional covariate and assigned predictive value based on literature 
identifying differences in trail use between large-bodied and medium-bodied felids (Blake, 2017) 
(Rodriguez, 2021). I assigned initial importance/cost values between 0-100 (100 being most 
important/preferred/lowest cost) to the different features of each covariate based on the predicted 
probability of detection/occupancy derived from the models (Table B2, Appendix B). Each 
variable raster was reclassified to their newly assigned cost values. I then combined the rasters to 
produce a single image of the reserve area showing the combined importance/cost of all the 
variables for the species. I repeated this process for each species to assess whether they have 
different habitat preferences (Figure 7). 
 
Results 
 
Species Identification 
 
 In total, 1238 observations of felids were recorded from 2016 – July 2022 in SL. Using 
the guide (Appendix C) that I developed on morphological identifiers for the Leopardus genus, I 
confirmed the presence of all three species included in this study in SL. After correcting 
misidentifications and confirming as many Leopardus identifications as possible, we confirmed 
324 Puma, 131 Ocelot, 41 Margay and 465 Northern Tiger Cat observations. 277 observations 
were still marked as unidentifiable Leopardus species. This was generally due to image quality, 
despite being able to adjust the exposure and contrast of photos to make the features clearer. It 
was also because only a small part of the individual was captured by the cameras, such as the 
very tip of the tail. 244 observations were of melanistic felids (Figure 5), a trait found throughout 
felid genera and believed to be adaptive (Graipel, 2014). Melanism is generally less common in 
the Ocelot than the tiger cat and only two studies have claimed to identify melanistic Margays in 
camera trap photos in Costa Rica and Columbia (González-Maya, 2018). Prior to this discovery 
in 2018, no record of melanistic margay exists. However, no genetic confirmation took place and 
identification was solely based on morphological features. Our guide assumes melanistic 
individuals are Northern Tiger Cat, which was generally supported by the other features of the 
animal. 

 
(Figure 5) 

Image of melanistic Leopardus tigrinus is SL. 



Activity & Distribution Patterns 
 
 Activity patterns were assessed by hour, month, and temperature. The hourly distribution 
of felid observations shows primarily nocturnal behavior in all four species, with the Puma 
having the most daytime activity and a peak in activity earlier in the evening than the other 
species (Figure A4, Appendix A). This trend is surprising considering both the Puma and 
Northern Tiger Cat are considered cathemeral but confirms the nocturnal behavior of the Ocelot 
and Margay. The monthly distribution of observations shows contrasts in annual activity of the 
species with the Puma and Northern Tiger Cat having a slight peak in activity in the early 
months of the year (February – April), while the Ocelot and Margay have a distinct peak in 
observations in the later months (August-October) (Figure A5, Appendix A). This ecosystem has 
a narrow annual temperature range between about 7-24 degrees Celsius. Despite the small range, 
the larger bodied felids show a more widespread distribution in activity across the entire 
temperature range, while the smaller felid species show narrower peaks in activity closer to the 
average and median temperature (Figure A6, Appendix A). 

The KDE maps of the spatial distribution of species observations across camera trapping 
sites show clear hotspots in felid observations (Figure 6). The Puma shows a higher density of 
observations in the lower region of the reserve, while the Ocelot has a higher density of 
observations in the upper part of the reserve. Similarly, the Margay and Northern Tiger Cat show 
contrasting hotspots of observations with the Margay being seen in the lower region and the 
Northern Tiger Cat in the upper. 

 

 
(Figure 6) 

KDE maps of felid observations by species. Yellow/light color indicates a greater density of observations, 
while dark blue/black indicate lower density of observations. Any unmonitored regions automatically 

display as black - low density (zero observations). 
 



Occupancy & Detection Probability 
 
 The model results yielded detection probabilities per week of 10.9% for the puma, 4.44% 
for the Ocelot, 1.44% for the Margay, and 12.6% for the Northern Tiger Cat. The model 
indicates that the occupancy and detection probabilities of all four species are strongly related to 
LULC. Only the Margay and Northern Tiger Cat had significant relationships to the distance 
from the nearest tourist site (Table B3, Appendix B). Based on the predicted detection 
probabilities derived from the estimates of the models (Table B2, Appendix B), the Puma, 
Ocelot, and Northern Tiger Cat all have a higher probability of detection near the pastures and 
plantations (Figure 7). The Northern Tiger Cat is more likely to be observed in general 
throughout the reserve. Conversely, the Margay is least likely to be observed near the pastures 
and plantations with a greater preference for forested areas (Figure 7).  
 

 
(Figure 7) 

Maps of predicted detection probabilities of each species across SL. Yellow/light color indicate a higher 
probability of detection, while dark blue/black indicates lower probability of detection. 

 
Discussion 
 
Temporal & Spatial Niche Partitioning 
 

The felid species in SL manifested both shared and species-specific spatiotemporal 
activity patterns. The distinct patterns support the theories of temporal niche partitioning among 
neotropical felids, specifically between morphologically similar species and mesocarnivores with 
apex carnivores (Di Bitetti, 2010). The temporal separation of the Ocelot and Puma align with 
my hypothesis that they compete for resources. In addition to temporal separation, the KDE 
maps (Figure 6) show contrasting hotspots in species spatial distribution despite the small 
reserve area, suggesting potential predation avoidance of the puma by the Northern Tiger Cat 



which shares a similar temporal distribution with the Puma. This dynamic is also demonstrated 
with the Ocelot and Margay in SL and could be a result of either competitive avoidance (the 
“Ocelot effect”) or the Margay avoiding the Ocelot as a predator (de Oliveira, 2010). However, 
when considering the detection probability predictions across SL (Figure 7), competitive 
avoidance between the Margay and other species is less likely given the opposite habitat 
preferences between them. The predicted LULC relationships of the Margay show a preference 
for forested areas which supports what we know of its arboreal activity and hunting behavior. 
The higher detection probability of the Puma, Ocelot, and Northern Tiger Cat near plantations is 
surprising considering a different study found the opposite relationship (Boron, 2020). This other 
study also included proximity to water and prey abundance, which are main drivers for these 
species habitat preferences and should be considered in future studies in SL. 

 The fact that monitoring did not occur throughout SL may have influenced the results 
because the unmonitored areas are mostly primary forest isolated from human activity from 
ecotourism. This also limits our ability to assess the impact of human activity on the trails in SL, 
which was still included in the predicted detection probabilities but based on a study in the 
Ecuadorian Amazon (Blake, 2017). Furthermore, the LULC data used in the digitization process 
is from at least 10 years ago and likely needs updating to present more accurate relationships 
between LULC and felid observation. The results support species preferences for different 
LULC types, but the models for all species fit best under the assumption of 100% occupancy 
since the species were observed at most sites.  
  
Hybridization 
 

Given the physical similarities in the three Leopardus species, it is impossible to identify 
the species with absolute certainty. While my Leopardus species identification guide (Appendix 
C) showcases more obvious examples of the traits that distinguish the species, most of the photos 
were not at a good angle to view every feature or were blurry from the animal’s movement. 
Additionally, Margay and Northern Tiger Cat are most similar morphologically in the 
Northwestern Andes compared to other areas where both are prevalent, such as the Amazon or 
Southern Brasil/Northern Argentina (de Oliveira, 2020). Evidence of a variety of hybridization 
events between several of the Leopardus species has been identified in several regions of South 
America including the Andean Northern Tiger Cat with Margays and Ocelots, Bolivian tigrina 
with Geoffrey’s cat (Leopardus geoffroyi) (Trigo, 2008), and Brazilian/Uruguayan pampas cat 
(Leopardus colocola) and tigrinas (da Silva Santos 2018). Gaining knowledge of the rate of 
hybridization between these species in SL through genetic sampling methods will help refine this 
identification guide as the physical traits are confirmed by genetic species identification. 
Considering the near threatened and vulnerable status of the Margay and Northern Tiger Cat 
worldwide (de Oliveira, 2015) (Payan, 2016), we must be able to accurately identify populations 
of both species to help conserve and protect them.  
 
Implications for Conservation 
 
  Apart from the necessity of improving species identification within morphologically 
similar genera, the two small Leopardus species are specialists within this mountainous 
ecosystem making them especially susceptible to the effects of global climate change (Vale, 
2015). In addition to niche shrinkage, many studies of the impacts of climate change on wildlife 



hypothesize that as global temperatures rise, species habitat ranges will shift to higher elevations 
(Chen, 2011). In SL, this presents the risk of Jaguars, which are not currently found at this 
elevation, moving into the region. This would have potentially detrimental impacts on the Puma 
as the current apex predator, as well as the prey populations, and the local farmers and their 
livestock. To prepare for this possibility, SL should continue to monitor these felid species 
throughout the reserve to further their understanding of the felid’s interactions.  

Going forward, I would recommend modifying the reserves current camera trap protocol 
which would improve detection of felids and enable more robust analysis of SL wildlife 
populations. Setting up camera traps in a grid format with measurements of the angle and 
distance of detection for the camera will allow SL to calculate population metrics such as 
abundance and density. Furthermore, setting up an additional camera across from another will 
capture both flanks of an animal and improve our chances of capturing better quality photos. My 
hope is that these findings and the species identification guide can be incorporated into the 
various educational programs at SL and used as a tool to reach their conservation goals. 
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Appendix A 
 
Figure A1: Map of camera trap placements across SL. 
 

 
 
Figure A2: Image of map of SL used for digitization of all reserve features. 
 

 



Figure A3: Three-step reclassification process of LULC raster from digitized image. 
 

 
 

 



Figure A4: Density plot of observations by hour of day starting at sunrise. 

 
Figure A5: Density plot of observations by month.  

 
Figure A6: Density plot of observations by temperature at time of observation. 

 



Appendix B 
 
Table B1: Best fit models of site variables and AIC value for each species. 
 
 
 
 
 
 
 
 
 
Table B2: Predicted probability of detection based on model variables (0.1120 = 11.2%).  
 

 
Table B3: P-values of covariates from best fit models for each species. 
 

Species Best Model AIC 

Puma concolor ~ LULC ~ 1 1814.47 
Leopardus pardalis ~ LULC ~ 1 917.49 
Leopardus wiedii ~ Distance_to_Nearest_Tourist_Site + LULC ~ 1 379.66 

Leopardus tigrinus ~ Distance_to_Nearest_Tourist_Site + LULC ~ 1 1910.14 

Covariate Feature Puma concolor Leopardus pardalis Leopardus wiedii Leopardus tigrinus 

LULC 

Primary Forest 0.1120 0.0371 0.0209 0.0821 
Secondary Forest 0.0895 0.0611 0.0044 0.1074 

Varied 0.1024 0.0244 0.0000 0.1974 

Pasture/Plantation 0.2558 0.3487 0.0000 0.4724 

Distance to 
Nearest 

Tourist Site 
(m) 

0 NA NA 0.0327 0.0822 
200 NA NA 0.0249 0.0878 
400 NA NA 0.0189 0.0938 
600 NA NA 0.0143 0.1001 
800 NA NA 0.0108 0.1068 

1000 NA NA 0.0082 0.1139 
1200 NA NA 0.0062 0.1214 
1400 NA NA 0.0046 0.1293 
1600 NA NA 0.0035 0.1377 
1800 NA NA 0.0026 0.1465 

2000 NA NA 0.0020 0.1558 

Covariate Puma concolor Leopardus pardalis Leopardus wiedii Leopardus tigrinus 

Distance to Nearest Tourist Site (m) NA NA 9.390e-6 0.0053 

LULC 

Primary Forest 0.0022 2.232e-14 0.8946 1.695e-12 

Secondary Forest 0.0051 1.894e-8 0.9150 1.024e-8 

Varied 0.0012 1.299e-11 0.9884 1.010e-4 
Pasture/Plantation 

(Intercept) 0.0042 0.0508 0.8454 0.7226 



Appendix C 
 
Guide to identify Ocelot, Margay, and Northern Tiger Cat in Santa Lucia in English and Spanish. 
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