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OVERVIEW 

Highlights: 



 

❖ Andean tiger cat populations at the Mesenia-Paramillo Nature Reserve, Alto del Nudo 

Soil Conservation District and Cuchilla del San Juan Integrated Management District are 

now safe against disease outbreaks for a year!  

❖ 193 dogs across three protected areas were dewormed and vaccinated with a complete 

scheme including rabies, canine distemper, parvovirus, Leptospira, canine coronavirus 

and infectious hepatitis. 

❖ Our vaccination campaigns were articulated to the Inter-continental Canine Vaccination 

Campaign, which was a large-scale unprecedent conservation action simultaneously 

developed by ca. 23 projects in 5 countries with the goal of creating an immunity shield 

for small wild cats across the Americas! 

❖ Decreasing population trends were found for the protected area with the greatest 

population discovered for Andean tiger cats in the region, the Mesenia-Paramillo Nature 

Reserve.  

❖ A new bridge between the kids living alongside the protected areas and the small wild 

cats was created through the art of graffiti, with three murals that were made with the 

help of several rural students in schools close to the habitat of our target species.  

❖ A total of 93 kids were involved in environmental workshops and half of them 

participated on the design of two murals on the main schools of the areas.   

❖ Training of an interdisciplinary team of wildlife conservationists, which include 

veterinarians, artists, local guides, and early-career biologists.  

❖ Creating alliances with the regional environmental corporations to stablish a sounded 

conservation program of small wild cats in the coffee region of Colombia.  

❖ Partnerships with three landowners in areas within the Campoalegre and Alto del Nudo 

Soil Conservation Districts were done to increase connectivity between isolated cloud 

forest fragments. Minding the forest gaps produced by the agricultural activities is key 

for Andean tiger cats to persist.  

❖ Our work is starting to be recognized by local (La Crónica del Quindío) and international 

(Mongabay) newspapers, which give us the chance to reach a broader audience! 

❖ New evidence of the negative influence of human activities and dog incursion into 

protected areas on the behavior and spatial ecology of the Andean tiger cat.  



 

 

Our vaccination campaigns have been extended on several protected areas over 67% (1500 

– 3700 m asl) of the presumed Andean tiger cat’s elevation range (1500 – 4800 

m asl). In the Middle Cauca, between the Western and Central 

Cordilleras in Risaralda and south of Antioquia 

many people is becoming engaged to take 

seriously the welfare of their animals of 

company on the farms or so-called “fincas” 

the project is reaching.   



 

 

By immunizing dogs in these rural areas, a wide variety of coexisting carnivores are 

becoming benefited too, several of which lie on an important IUCN threat category, like the 

Endangered Colombian weasel (Neogale felipei), Vulnerable Andean bear (Tremarctos 

ornatus), and Neotropical otter (Lontra longicaudis), the Near Threatened olinguito 

(Bassaricyon neblina) and mountain coati (Nasuella olivacea). 

 

Building the future for the conservation of the Andean tiger cat and the cloud forests, children 

bring hope to our cause!  

 



 

Expanding the toolbox, muralism as a conservation action: 

With the collaboration of fourth young local artists, we were able to represent the charismatic 

value of the Andean tiger cat and other species of wildlife in three murals strategically 

designed and placed on three different rural schools of the Santa Rosa, Dosquebradas, and 

Apía Municipalities. The first mural was located in the “Institución Educativa La Milagrosa”, 

the second in the “Institución Educativa Alto de la Línea”, and the third in the “Institución 

Educativa El Pital”. During the realization we procured to involve not only the members of 

the project and the artists, but also the children students and even the teachers, every one of 

them put a piece of themselves on these murals. It was a magical experience! 

 



 

 

 

Training new generations of wildlife conservationists (biologists, veterinarians, artists) and 

involving local people (park rangers, farmers) to our project. Ubiel Rendón Jaramillo and 

Jorge Jaramillo were born and forged in Mesenia-Paramillo. Several years ago, they were 

high-skilled hunters as well as victims of the armed conflict in the area. Now they are 

conservation warriors in our team and help to restore the cloud forests while preventing 

illegal hunting activities. 



 

 

We are currently engaged in several training courses as well as thesis projects from 

undergraduate students of Universidad del Quindío, Fundación Universitaria de Popayán, as 

well as with staff from the Onca Fundation to improve their capacities in terms of 

management and analysis of data obtained from camera traps. We also were invited to talk 

about our experiences with the population monitoring of the Andean tiger cat in the “II 

Simposio Regional de Ecología” which resulted in several students highly motivated by our 

actions with the willingness to join to the cause.  



 

 

Helle Løvevild Golman is the co-founder of Wild Nature Foundation, a Danish NGO that 

acquired an important area (739 ha) of pasture and cloud forests to start a restoration program 

on the degraded lands of northern Campoalegre with the target of increasing the connectivity 

among the forest fragments. Clara Inés Mejía belongs to the “Red de Reservas de la Sociedad 

Civil” a large network of private protected areas and with her 46 hectares of cloud forest, she 

is interested in protecting this important habitat for the small cat populations in Alto del 

Nudo. We also reached the senator Andrea Padilla, which is interested in creating a national 

program of neutering and vaccinations for cats and dogs in the rural areas of Colombia. 

Together we are joining efforts to stop the invisible threat of infectious diseases towards the 

Andean tiger cat and the wildlife this species represents.  

 

 

 

 

 

 

Helle Løvevild Golman 

Clara Inés Mejía 



 

 

Reaching a broader audience:  

The freelancer Sean 

Mowbray make us an 

interview to incorporate our 

experience in two articles of 

Mongabay which 

highlighted the effort 

invested for the 

conservation of small wild 

cats across the Americas 

and the need to consider 

domestic dogs as a hidden 

threat for the biodiversity 

worldwide. The articles can 

be accessed here: 

https://news.mongabay.com/2023/04/conservationists-

unite-to-tackle-latin-americas-dog-threat-to-wild-cats/ 

https://news.mongabay.com/2023/04/small-cats-face-big-

threats-reasons-to-save-these-elusive-endangered-species/ 

Another report talking about the conservation actions raised 

with the project was published by a local journal named 

“La Crónica del Quindío”, which can be found here:  

https://cronicadelquindio.com/noticias/fauna-1/el-

colectivo-que-trabaja-por-la-conservacion-del-tigrillo-

andino  

 

 

https://news.mongabay.com/2023/04/conservationists-unite-to-tackle-latin-americas-dog-threat-to-wild-cats/
https://news.mongabay.com/2023/04/conservationists-unite-to-tackle-latin-americas-dog-threat-to-wild-cats/
https://news.mongabay.com/2023/04/small-cats-face-big-threats-reasons-to-save-these-elusive-endangered-species/
https://news.mongabay.com/2023/04/small-cats-face-big-threats-reasons-to-save-these-elusive-endangered-species/
https://cronicadelquindio.com/noticias/fauna-1/el-colectivo-que-trabaja-por-la-conservacion-del-tigrillo-andino
https://cronicadelquindio.com/noticias/fauna-1/el-colectivo-que-trabaja-por-la-conservacion-del-tigrillo-andino
https://cronicadelquindio.com/noticias/fauna-1/el-colectivo-que-trabaja-por-la-conservacion-del-tigrillo-andino


 

 

Environmental education activities: 

We have conducted a series of 

environmental education workshops to 

evaluate the perceptions of farmers, 

housewives and students surrounding the 

Andean tiger cat in our target areas at the 

Middle Cauca. Colegio Rodolfo Llinás, 

Institución Educativa José Antonio 

Galán, Institución Educativa Alto La 

Línea, Institución Educativa El Pital, 

Parque Bioflora and Escuela Santo 

Domingo were the scenarios of the eight 

interventions we did. Different 

educational materials were shared with 

the students and farmers involved in the workshops to increase the awareness and improve 

attitudes and perceptions towards 

the Andean tiger cat. These 

materials included puzzles of the 

Andean tiger cat and other species 

of Andean mammals, bingos, 

drawings to colored, notebooks 

and stickers. During the bingo 

games, we give an award to the 

winner that consisted on a hat of 

the conservation project, a French 

press and 500g of an special 

brand of coffee ready to prepare. 

 



 

Educational material produced by us: 

 

Stickers, brochures, puzzles, notebooks, t-shirts, masks, and many other elements were 

designed, created, and shared by the project for children, farmers, housewives, and all the 

people involved in our activities in rural areas. 

 

 

 

 



 

The silent neighbor: Human Perceptions of and attitudes towards the 

Andean tiger cat  (Leopardus tigrinus pardinoides) in Northwestern 

Colombia and conservation implications 
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ABSTRACT 

The relationships between small wild cats and humans can result in a varied range of 

perceptions and attitudes that often exert a profound influence on the success or failure of 

conservation initiatives focused on threatened species. Here, we provide the first assessment 

of the human perceptions and attitudes surrounding a threatened and elusive small wild cat 

species restricted to the cloud forests and paramos of northwestern South America, the 

Andean tiger cat (Leopardus tigrinus pardinoides). We conducted 50 surveys among two 

communities adjacent to the natural habitat of the species in the northwestern Andes of 

Colombia.  We found that respondents showed positive attitudes and a relatively well-

structured perception of the Andean tiger cat, its threats, and the conservation actions that 



 

must take place to prevent its decline. In addition, women expressed more positive feelings 

than men towards the species, with the latter being more indifferent.  We also found several 

knowledge gaps that must be filled through environmental education workshops in the future. 

For instance, we found inconsistency in the respondents when asking if they were aware that 

the Andean tiger cat is a threatened species to extinction and that most of them never received 

capacitation in this regard either by public or private organizations. Our efforts provide a 

starting point to understand how threatened wildlife in the mountain cloud forest of Colombia 

can be effectively protected through the lens of coexistence with humans.  

Keywords: Andes, conservation science, human dimensions, threatened species, 

environmental education 

INTRODUCTION 

Small wild cats have been ambivalently perceived by humankind as either enemies or allies 

and understanding this relationship is of particular interest for conservation planning 

(Sanderson & Watson, 2011; Drouilly et al. 2021). In some societies, small wild cat 

populations are benefited from positive perceptions related to their cultural and charismatic 

value as well as the population control service they provide in pest management (Lucherini 

& Merino, 2008; Hermann et al. 2013; Mahato et al. 2022). Conversely, other societies relate 

small wild cats with problems for their livelihoods due to poultry depredation and this often 

ends in the retaliatory killing of several individuals of one or more species (Amador-Alcalá 

et al. 2013; Tortato et al. 2013; Gálvez et al. 2021). It is also well-recognized that small wild 

cats play an important ecosystemic role by maintaining the balance in the population growth 

of prey species as well as on their disease vectors (Porfirio et al. 2014; Williams et al. 2017).   

In this context, understanding local perceptions and attitudes towards small wild cats across 

locations of interest can be helpful to complement threat mitigation actions toward their 

populations (Sacristán et al. 2018; Drouilly et al. 2019; Mahato et al. 2022). For instance, 

guiñas (Leopardus guigna) are frequently persecuted and killed by local farmers in Chile 

because ancestral beliefs and poultry depredation lead to a strong negative perception of the 

species (Hermann et al. 2013; Napolitano et al. 2016). Therefore, in addition to enforcing 

chicken coops, environmental workshops can be soundly directed to fulfill knowledge gaps 



 

in local communities to increase the tolerance to negative interactions and promote 

coexistence (Lucherini & Merino 2008; García-Olaecha & Hurtado 2018).  

Here we define “perceptions” as the interpretation of the surroundings and “attitudes” as the 

posterior meaning constructed by a person, which biases it toward evaluative responses that 

can be favorable or unfavorable (Eagly 1992). These responses often appear as a function of 

affective, behavioral, and cognitive components that a human elaborates on during its life 

(Weiten 1997). The affective component refers to how we feel toward a given subject or 

situation, the behavioral refers to how we act or not regarding a given situation, and the 

cognitive refers to what we know (Thompson & Mintzes 2002). Different socioeconomic 

factors can influence local perceptions and attitudes towards small wild cats, such as gender, 

age, land ownership, and educational level (Gore & Kahler 2012; Best & Jai-Chyi, 2019, 

Michalski et al. 2020). For instance, children have been found to exhibit more positive 

attitudes toward small wild cats than adults even if they are aware of ongoing negative 

interactions (Porfirio et al. 2014). In the eastern Amazon, it was found that a higher 

educational level does not necessarily relates to positive attitudes toward wildlife, as 

perceived damages to property were greater in landowners with greater education levels 

(Michalski et al. 2020).  

Particularly in South America, there is little knowledge of the local perceptions and attitudes 

towards small wild cats as well as their basic natural history and ecology. Some studies are 

directly focused on small wild cat species such as the guiña, Andean (Leopardus jacobita), 

Geoffroys’ (Leopardus geoffroyi), and Pampas  (Leopardus colocolo) cats while others are 

byproducts of big cat studies (Silva-Rodríguez et al. 2007; Lucherini & Merino, 2008; 

Deustua Aris et al. 2008; Hermann et al. 2013; Porfirio et al. 2014; Napolitano et al. 2016; 

Peters et al. 2016; Caruso et al. 2017; Sacristán et al. 2018; García-Olaecha & Hurtado, 

2018). To the best of our knowledge, no single study aimed at understanding the human 

perceptions and attitudes towards small wild cats in their natural habitats has been conducted 

in any ecosystem of Colombia. This is important since several small wild cat species of 

conservation concern such as the Andean tiger cat (Leopardus tigrinus pardinoides), Pampas 

cat (Leopardus garleppi), jaguarundi (Herpailurus yagouaroundi), and margay (Leopardus 

wiedii) are known to occur in the country.   



 

Mountain cloud forests of the Northern Andes comprise a biodiversity hotspot that shields 

the populations of the small and elusive Andean tiger cat (Figure 1). This forest-dwelling 

felid is solitary, nocturnal, and a skilled predator of small vertebrates that usually prefers to 

occupy well-structured habitats with abundant ground biomass (Cepeda-Duque 2022).  In 

Colombia, the species occurs mainly above 1500 m and is especially, but not exclusively 

associated with highland cloud forests and paramos with a geographic range markedly 

limited by the Andean valleys and the growing human encroachment in the region (Castelló 

et al. 2020; Cepeda-Duque 2022). Andean tiger cats are listed as Vulnerable according to the 

IUCN Red List (Payán & de Oliveira 2016), though this category could change if future 

taxonomic efforts validate its separation from the tigrinus species complex (Vale et al. 2015; 

Trindade et al. 2021). Among the reported threats to Andean tiger cats are the illegal fur and 

pet trade, retaliatory killing due to poultry depredation, roadkill, intraguild competition with 

dogs, and the infectious diseases they spread (Delgado-V 2007; Payán & de Oliveira 2016; 

Castelló et al. 2020). These threats often emerge from the negative perceptions and lack of 

human awareness towards the species and could be catalyzed by the gradual loss of the cloud 

forest, leading to increased human-wildlife interactions (Michalski et al. 2020; Mahato et al. 

2022). However, new efforts are rising to make environmental workshops with local 

communities and empower them to be engaged in the threat mitigation actions that can curve 

the decline of this poorly understood but threatened felid.  



 

 

Figure 1. Study area and study species. Top left: map of the Risaralda department and the 

municipalities of Dosquebradas, Apía, and Pereira. Top right: map of Risaralda's position in 

Colombia. Bottom: Andean tiger cat (Leopardus tigrinus pardinoides, Gray 1867) in the 

mountain cloud forest. Photo of an Andean tiger cat from Angeliópolis, Antioquia was a 

courtesy of Camilo Botero.  

In this study, we offer a first glance at the perceptions and attitudes associated with Andean 

tiger cats in the northern Andes of Colombia. We also aimed to explore whether there were 

differences in the perceptions and attitudes towards the Andean tiger cat among genders. 



 

Rather than descriptive and explorative, the results of this study must be considered an 

important starting point to keep advancing our understanding of the role that human 

dimensions may play in the conservation of small wild cats in Colombia.   

METHODS 

We conducted the study across two locations situated between the western slope of the 

Central Andes and the eastern slope of the Western Andes of Colombia (Figure 1). This area 

is immersed in the “Coffe Region”, declared by UNESCO as a world cultural heritage this is 

one of the main cores of human development and economic growth in Colombia (Velandia 

2017). The study locations were selected due to their proximity to protected areas with 

confirmed Andean tiger cat presence. In the Central Andes, we surveyed the “Colegio 

Rodolfo Llinás” and “ Parque Bioflora” located in Dosquebradas (194,229 inhabitants), 

Risaralda department. In the Western Andes, we surveyed the “Institución Educativa Alto de 

la Línea”, which was located in Apía (10,662 inhabitants), in the western part of Risaralda. 

Information on the number of inhabitants was obtained from “Departamento Administrativo 

Nacional de Estadística” (DANE, 2018).  The surveyed landscape mainly consists of small 

towns and medium-sized urban centers, followed by large extensions of tree plantations, 

pastures for cattle grazing, and crops of coffee, banana, and avocado. Native cloud forest 

patches are interspersed among streamlines in small and isolated fragments with two nearby 

protected areas sustaining Andean tiger cat populations, the Alto del Nudo Soil Conservation 

District and Cuchilla del San Juan Integrated Management District. 

Surveys 

Between 2022 and 2023 we developed pre-structured social surveys which were directed to 

a broad range of respondents between 8 and 71 years old. The surveys were shared with 

respondents before conducting a series of environmental workshops during a conservation 

project with the Andean tiger cat, which can be consulted in detail online 

(https://www.speciesconservation.org/case-studies-projects/andean-tiger-cat/28123). Both 

surveys contained, closed, open-ended, and Likert-scale questions and were designed 

following previous research. We constructed the questions based on the social-psychological 

theory of planned behavior, which assumes that the conjunction of attitudes, subjective 

norms, and perceived behavioral control can be used to predict behavior (Ajzen 2020). The 

https://www.speciesconservation.org/case-studies-projects/andean-tiger-cat/28123


 

surveys were designed to elicit information concerning socio-demographic factors such as 

age, gender, education level, and occupation, as well as the attitudes, and perceptions 

regarding Andean tiger cats (Michalski et al. 2020). These included knowledge of ecology 

and threats, and prior experiences with the species or involved organizations in their 

conservation (Napolitano et al. 2016; Best & Jai-Chyi 2019).  We informed participants that 

there were no right or wrong answers and that they should only answer according to their 

knowledge and beliefs and should not inform other colleagues of their choices (Rosalino et 

al. 2017). 

Survey structure 

This survey consisted of five parts and a total of 45 questions. In the first part, we asked 

respondents to accept or deny the terms of use of the surveys and if they were minor-aged, 

they were asked to solve the survey in the company of their corresponding responsible adults. 

In the second part, we asked participants to provide some personal information such as 

gender, educational level, livelihood ownership, and a categorical indication of the amount 

of familiar income. In the third part, we asked about the skills of the respondents to 

differentiate Andean tiger cats both intra (melanistic versus non-melanistic) and 

interspecifically. For interspecific discrimination, we selected images of the Andean tiger cat 

and incorrect species such as the leopard (Panthera pardus), ocelot (Leopardus pardalis), 

domestic cat (Felis catus), crab-eating fox (Cerdocyon thous), coati (Nasua nasua), and tayra 

(Eira barbara). Images were selected using the criterion of a visible single adult, and 

wherever possible shown in the most natural setting possible (Macdonald et al. 2022). In the 

fourth part, we asked about different aspects of the ecology of the Andean tiger cat, including 

the current threats associated with poaching, logging, and dog invasion into protected areas. 

The fifth part was about questions related to current uses, population trends, potential 

reactions in case of a direct encounter with the Andean tiger cat, the desire of respondents to 

have an Andean tiger cat as a pet, and contributing to new or support ongoing conservation 

initiatives. Finally, we asked respondents to describe the Andean tiger cat with a single word 

and used word clouds to assess attitude salience towards the species which means how 

thoughts emerged, expressed as words, when an attitude object (Drouilly et al. 2021).  



 

The responses were collected with the free and informed consent of each participant and 

participants under the age of 18 were accompanied by a responsible adult when solving the 

survey. In addition, all participants were fully anonymous and the survey contained no 

potentially identifying or sensitive questions. 

Analyses 

We presented our results of the overall proportion of selected answers to each question. To 

test for differences in the perceptions and attitudes among the gender of respondents, we used 

Fisher’s exact and Wilcoxon rank sum tests for the yes and no and the Likert-type questions 

respectively (Merson et al. 2019). We set the significance level of Fisher’s exact and 

Wilcoxon rank sum tests to 0.05. The analyses were done with default functions of the R 

Software version 4. 2. 2 (R Core Team 2022). 

RESULTS 

We obtained a total of 50 responses, of which 55% belonged to men and 45% to women. 

Adults (>18 years old) represented 60% of the participants whereas young (between 8 and 

17 years old) represented the remaining 40%, the mean age of participants was 26 years. The 

participants were mainly students (34%), farmers (16%), and housewives (14%), with a lesser 

degree of participants with other occupations (i.e., guides, biologists, businessmen, and 

veterinarians, 10%), and which did not indicate a particular occupation (24%).  

 

 

Figure 2. Results of the respondents to the stage III of the survey. Questions: Do you meet 

this animal? (C.); By what name do you know this animal? (B.); Do you think these two 



 

animals are the same species? (C.); Please select three pictures in which you can recognize 

the Andean tiger cat (D.).  

The majority of respondents were able to correctly identify an Andean tiger cat (Figure 2A) 

and used the name “Tigrillo” (Tiger cat in English) more frequently to recognize the species 

(Figure 2B). We did not find statistical differences between men and women in their ability 

to correctly identify the species (P = 0.3027, odds ratio = 0.41, CI 95% = 0.07 - 1.99) or to 

recognize melanistic and non-melanistic forms as the same species (P = 0.2443, odds ratio = 

0.43, CI 95% = 0.11 - 1.57). We found that 40% of the respondents identified two of the three 

correct graphical options showing Andean tiger cats and 28% identified the three correct 

options against species such as crab-eating foxes, coatis, domestic cats, leopards, and ocelots 

(Figure 2D).  

 

 

Figure 3. Results of the respondents to the fourth part of the survey. Questions: Have you 

ever seen an alive Andean tiger cat? (A.); How often do you see Andean tiger cats in this 

locality? (B.); Have you ever seen a cub of an Andean tiger cat? (C.); Have you ever seen a 

dead Andean tiger cat? (D.); Do you know if it is prohibited to hunt or traffic Andean tiger 

cats or any type of fauna? (E.); Do you know if there is currently any hunting or logging 

taking place near where you live? (F.); Have you observed dogs entering nearby protected 

areas? (G.); Do you know if the Andean tiger cat is in danger of extinction? (H.); Have you 



 

ever received training about Andean tiger cats from an organization? (I.); Select the correct 

items you consider are the habitat of Andean tiger cats (J.); Select the correct items you 

consider are the diet of Andean tiger cats (K.). When respondents do not provide any answer 

to the “YES” or “NO” questions we denoted this as “NA”.  

Only a small proportion of the respondents have been involved in a direct encounter with 

either a live adult Andean tiger cat (20%) or a cub (4%) (Figure 3A, C). Most participants 

perceived that Andean tiger cats lived in cloud forests (46%), followed by rivers and streams 

(23%), and to a lesser degree, avocado crops (13%), paramos (12%), and savannas (6%). 

Andean tiger cats were regarded as preying mainly on chickens (22%), small mammals 

(20%), agoutis (15%), and opossums (14%). The less selected items in the Andean tiger cat 

diet were cat food (4%), insects (4%),  frogs (4%), fish (7%), and eggs (9%). Most of the 

respondents who encountered an Andean tiger cat answered they saw it once (92%). A large 

proportion (87%) of the respondents indicated that they were aware of logging and hunting 

as illegal activities in the region (Figure 3E). When we asked whether logging and hunting 

are currently taking place in the areas where respondents live, a small proportion (20%) of 

responses was affirmative and a larger proportion (72%) was negative (Figure 3). In addition, 

there was a low proportion of participants confirming sights of domestic dogs invading 

protected areas.  

We did not find statistical differences between men and women to consider hunting and 

logging as illegal activities (P = 0.7095, odds ratio = 0.60, CI 95% = 0.10 - 3.36) or to 

recognize whether these activities are already taking place in their areas (P = 1, odds ratio = 

0.79, CI 95% = 0.13 - 4.06). In addition, respondents of both genders were not different in 

terms of recognizing that domestic dogs are currently invading the nearby protected areas (P 

= 1, odds ratio = 0.89, CI 95% = 0.21 - 3.64), or if Andean tiger cats are under extinction risk 

(P = 0.5434, odds ratio = 0.57, CI 95% = 0.14 - 2.23).  



 

 

Figure 4. Results of the individual feelings according to the gender of the respondents 

towards Andean tiger cats (A.); opossums (B.); tayras (C.); weasels (D.); ocelots (E.); and 

olinguitos (F.). The y-axis is represented by the number of responses and the x-axis is 

represented by the Likert-type scale. 

We observed several expressions of individual (Figure 4) and collective (Figure 5) feelings 

among the respondents when asking about a hypothetic situation of encountering an Andean 

tiger cat, opossum, tayra, weasel, ocelot, and olinguito near their homes or in the 

neighborhood. We found significant differences in the individual feeling between genders on 

encountering an Andean tiger cat (Figure 4A), with women expressing more positive feelings 

than men (W = 291, P = 0.01865). Women also expressed more positive feelings towards 

weasels (W =249, P = 0.1319, Figure 4D), ocelots (W = 245, P = 0.07569, Figure 4E), and 

olinguitos (W = 193.5, P = 0.5279, Figure 4F), but these differences were not significant. We 

were not able to differentiate between positive or negative inclinations in both genders 

regarding opossums (W = 177, P = 0.8491, Figure 4B) and tayras (W = 198, P = 0.5061, 

Figure 4C).  

This was also the case for the collective feelings in Andean tiger cats (W = 214, P = 0.2536), 

opossums (W = 123, P = 0.1867), tayras (W =192,5, P = 0.6248), weasels (W = 208, P = 

0.2143), ocelots (W =228.5, P = 0.116), and olinguitos (W = 155.5, P = 0.5457) (Figure 5). 



 

 

Figure 5. Results of the collective feelings according to the gender of the respondents 

towards Andean tiger cats (A.), opossums (B.), tayras (C.), weasels (D.), ocelots (E.), and 

olinguitos (F.). The y-axis is represented by the number of responses and the x-axis is 

represented by the Likert-type scale.  

 

Figure 6. Results of the respondents to questions related to current uses, perceived population 

trends, potential reactions in case of a direct encounter with the Andean tiger cat, the desire 

of respondents to have an Andean tiger cat as a pet and contributing with new or supporting 



 

ongoing conservation initiatives. Questions:  Have you ever eaten or used parts of an Andean 

tiger cat? (A.); Do you think that the Andean tiger cat population has been stable in the area, 

or has it changed? (B.); What do you think would be the most important threats to the Andean 

tiger cat in your area? (C.); What measures would you take if you see an Andean tiger cat in 

its natural habitat? (D.); Would you have a pet Andean tiger cat? (E.); How do you think you 

can contribute to the conservation of the Andean tiger cat? (F.); Would you be willing to 

contribute money for the conservation of the Andean tiger cat? (G.); Have you received 

training and/or information about the Andean tiger cat before? (H.).When respondents do not 

provide any answer to the “YES” or “NO” questions we denoted this as “NA”.  

Most of the respondents (88%) have never used or eaten parts of an Andean tiger cat (Figure 

6A). Importantly, we observed that the largest proportion of respondents (36%) contemplated 

that Andean tiger cat populations are declining, others did not respond (25%) or perceived 

that populations are stable (28%) (Figure 6B). Several respondents identified more than one 

threat currently affecting the populations of the Andean tiger cat (Figure 6C). However, pet 

trade (19%), deforestation (18%), fur trade (16%), and domestic dogs (16%), were the most 

frequently selected options. Interestingly, the less reported threat was retaliation due to 

poultry depredation (4%) followed by roadkills (12%).  

In the case of a direct encounter with an Andean tiger cat, the greater proportion of 

respondents was inclined to report the sighting to a governmental environment agency (54%) 

or just watch it (41%) in a passive way. A large proportion of the respondents also rejected 

the option of having an Andean tiger cat (80%) as a pet and no statistical differences were 

found between genders (P = 0.6781, odds ratio = 0.59, 95% CI = 0.04 - 4.68). The more 

suggested option to protect the Andean tiger cat was creating more protected areas, followed 

by denouncing environmental crimes (Figure 5F). An important proportion of the 

respondents opted to support conservation initiatives with money, and there were no 

statistical differences between genders in this regard either (P = 0.3069, odds ratio = 0.44, 

95% CI = 0.08 - 2.10). Importantly, we identified that most of the respondents have never 

been trained before about the Andean tiger cat or any kind of information related to their 

ecology, population threats, conservation initiatives, and feelings surrounding this elusive 

small wild cat (Figure 6H).  



 

 

Figure 6. Word cloud and corresponding histogram of the most frequently used terms by 

respondents when asking the question “How would you describe the Andean tiger cat in 

one word?”. The silhouette was obtained from © Phylo Pic by Margot Michaud. 

The word cloud with the term “Andean tiger cat” resulted in a total of 14 words, from which 

the majority (93%) were associated with positive connotations compared to negative 

connotations (Figure 6). The most frequently used word was “beautiful” (n = 8), followed by 

“pretty” (n = 5) and “cute” (n = 5) ranking as third.  

DISCUSSION 

Besides the important ecological services they provide, it seems that neotropical small wild 

cats will only survive the Anthropocene era if humans choose to protect them (Silva-

Rodríguez et al. 2007; Porfirio et al. 2014). In general, we revealed that participants presented 

enough skills to identify the Andean tiger cat (excepting its melanistic form), a series of 



 

positive or indifferent attitudes towards the species, and a moderate degree of awareness 

related to its population ecology, threats, and conservation status. Though most of the 

research in Colombia and specifically in the northwestern Andes has been aimed at 

understanding the different aspects of human interactions with big cats such as jaguars and 

pumas (Valderrama-Vázquez et al. 2016; Pinto-Marroquín et al. 2022). There is still a lot of 

effort that must be invested in terms of integrative social research to properly contribute to 

the conservation of the rare and elusive Andean tiger cats as well as the welfare of human 

communities living alongside them. 

Several participants misidentified the Andean tiger cat with the ocelot, which is expected as 

locally, both species, together with the margay are recognized as a sole animal, the “Tigrillo” 

(Payán & Trujillo 2006). In addition, the inability of participants to acknowledge that Andean 

tiger cats can also occur in melanistic form is important as we have noted that, instead they 

could be misidentified with black domestic cats. It is well known how variation in the color 

morphotypes of the domestic cat can induce a behavioral change in the perception and 

attitudes of humans towards them (Jones & Hart 2019). The black cat bias is often associated 

with negative connotations and symbolic representations such as death, grief, evil, and the 

unknown (Jones & Hart 2019). It would be expected that without an understanding of 

melanism as a natural process occurring in populations of small wild cats, local communities 

would attribute negative values to such a rare morphotype thereby increasing its vulnerability 

to retaliatory killing. However, a greater sample size under different socioecological contexts 

must be required to better test these insights.  

The rarity of encounters that some participants have experienced with Andean tiger cats is 

congruent with the rarity of this predator in the cloud forests, as it is known that species 

detectability is low in the region (Cepeda-Duque 2022). However, it can also be a result of a 

low frequency of contact with natural areas by some of the participants involved in the 

surveys summed to the nocturnal and shy nature of the species (Ramírez-Mejía & Sánchez 

2016; Rosalino et al. 2017). Our results agreed with recent findings of local communities that 

perceive the negative impacts of habitat loss on wildlife (Hermann et al. 2013).  Local 

communities that recognize deforestation as an important threat to wildlife tend to be more 

reliant on engagement in restoration programs and this must be tested in future community-



 

based conservation strategies with target species (Galabuzi et al. 2014). Contrary to the trend 

found in several studies that identify negative interactions associated with poultry 

depredation as an important threat to small wild cat populations (Macdonald et al. 2012; 

Mahato et al. 2022). We observed that perceived threats of Andean tiger cats in our locations 

were more directed towards illegal trade and domestic dogs. However, one of the most 

selected feeding items in the diet of the Andean tiger cats by participants where chickens, 

which suggests that there could be some differences among the participant’s responses that 

were not accounted for in this analysis. Small mammals were also frequently reported by 

participants as an important item in the diet of Andean tiger cats, which highlights their 

awareness of the role the species is playing as a pest controller. In line with recent evidence, 

human perceptions related to small wild cats as pest controllers are based on a utilitarian 

value which may be beneficial to strengthen in future conservation outreach (Silva-

Rodríguez et al. 2007; Hermann et al. 2013; Sacristán et al. 2018). Between the Central and 

Western Andes of Colombia, news in social media by environmental agencies constantly 

emerged on individual cubs that are captured by locals to sell as pets or to rear on their own. 

Positive perceptions together with the awareness of the problem represented by illegal 

captures may provide a chance to create networking efforts for reporting them to 

environmental authorities and mitigate this threat in the populations of Andean tiger cats.  

Women expressed greater positive attitudes towards Andean tiger cats and wildlife in 

general, and this is congruent with recent studies highlighting that women tend to be more 

sensitive to conservation initiatives of threatened species (Martino 2008; Consorte-McCreat 

et al. 2017, but see Rosalino et al. 2017). Andean tiger cats present several traits like the size 

of the eyes in proportion to the face, spotted coat pattern, and the resemblance to the domestic 

cat, which can trigger positive attitudes in the participants (Ballouard et al. 2011; Macdonald 

et al. 2022). It is important to increase our sample size of both genders and the socioeconomic 

factors around them as well as to confirm if the observed patterns still hold.  

Word clouds have been regarded as a qualitative measure to visualize in perspective the 

multidimensional nature of farmer-mesocarnivore relationships (Drouilly et al. 2021). The 

word cloud to define  Andean tiger cats was generally constructed around positive concepts 

associated with a tender and beautiful animal, with minimal negative associations. This is 



 

congruent with the overall image represented by felids and the surrounding traits most 

favored for funder and stakeholder engagement in carnivore conservation programs 

(Macdonald et al. 2022; Drouilly et al. 2021). Small carnivores of conservation concern such 

as olinguitos (Bassaricyon neblina, Near Threatened), Colombian weasels (Neogale felipei, 

Vulnerable), and mountain coatis (Nasuella olivacea, Near Threatened) are widely ignored 

by the local communities living alongside them. However, our results demonstrate that the 

appeal of Andean tiger cats can be a powerful tool to act as conservation ambassadors and 

flagships to increase awareness of the requirements of other underrated or less appealing but 

threatened species (Macdonald et al. 2022). 

Digital information is an important driver of people’s attitudes and perceptions of wildlife in 

the current society (Rosalino et al. 2017). Thus, divulgation of the environmental and social 

challenges faced by wildlife conservation initiatives may improve how the public audience 

value nature and how they can be encouraged to contribute to such efforts (Rosalino et al. 

2017). Social media such as Facebook, Instagram, and Twitter, have been recently 

demonstrated to be of powerful use to improve the ecological knowledge on the distribution 

of the Pampas cat in Chile (Chávez-Villavicencio & Tabilo-Valdivieso 2022). In this context, 

supporting the use of social media taking advantage of a positive perception towards target 

species of conservation concern, may broaden the scope of the message that conservationists 

want to express to the public audience concerning the current priorities at hand.   

CONCLUSIONS 

Our study has shown that participants from our surveys presented a general pattern of 

attitudes and perceptions towards the Andean tiger cat, with most participants showing 

positive attitudes but deficient perceptions of the species. Several participants did not 

recognize that illegal logging or hunting were ongoing practices in their areas, are unaware 

of the invasion of dogs to the cloud forest, and had never been involved in workshops directed 

toward the conservation of the Andean tiger cat. In addition, they perceived that chickens 

and small mammals comprise the main diet of Andean tiger cats and this may be a signal of 

past or recent experiences with poultry depredation and a conception of the species as a pest 

controller. The implementation of our survey must be extended to a more numerous audience 



 

to have a more refined picture of the human dimensions surrounding the threatened Andean 

tiger cat.  
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Assessing microhabitat, landscape features and intraguild relationships in 

the occupancy of the enigmatic and threatened Andean tiger cat 

(Leopardus tigrinus pardinoides) in the cloud forests of northwestern 

Colombia 
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Abstract 

Mesocarnivores play a key role in ecosystem dynamics through the regulation of prey 

populations and are sensitive to environmental changes; thus, they are often considered good 

model organisms for conservation planning. However, data regarding the factors that 

influence the habitat use of threatened small wild felids such as the Andean tiger cat 

(Leopardus tigrinus pardinoides) are scarce. We conducted a two-year survey with 58 

camera trap stations to evaluate the determinants of Andean tiger cat habitat use in three 

protected areas in the Middle Cauca, Colombia. We developed site occupancy models and 

found that Andean tiger cat habitat use increased with leaf litter depth at intermediate 

elevations and far from human settlements. Through conditional cooccurrence models, we 

found that Andean tiger cat habitat use was invariant to the presence of prey or potential 

intraguild competitors and killers/predators, but its detectability increased when they were 

present and detected. This suggests that Andean tiger cats may be more likely to be detected 

in sites with high prey availability. We found that Andean tiger cats preferred sites with deep 

leaf litter, which is a particular feature of cloud forests that provides suitable conditions for 

ambush hunting and hiding from intraguild enemies. Our results showed that Andean tiger 

cats avoided human settlements, which may minimize potential mortality risks in those areas. 



 

Moreover, the restricted use of middle elevations by Andean tiger cats suggested that they 

could be used as a sentinel species to track the effects of climate change since their suitable 

habitat is likely to be projected upward in elevation. Future conservation actions must be 

focused on identifying and mitigating human-related threats close to the Andean tiger cat 

habitat while preserving microhabitat conditions and the existing networks of protected areas. 

Introduction 

Small wild felids are considered keystone organisms for biodiversity maintenance, as they 

control the population growth of a wide range of small vertebrates that may include seed 

predators, invasive species, or disease vectors [1,2]. The abundance and distribution of small 

wild felids are often mediated either by habitat quantity and quality or by interspecific 

interactions with prey and competitors, including humans [3]. Greater habitat structural 

complexity has been associated with increased hunting success and more effective avoidance 

of intraguild competitors/predators [4–6]. The spatiotemporal availability of prey represents 

a gradient of opportunities to supply metabolic requirements and successfully raise offspring 

[7]. Dominant carnivores may reduce the fitness of mesocarnivores through prey 

competition, intraguild predation/interspecific killing (nonnutritional benefit), or both [8–

11]. However, partitioning resources (e.g., space, time, or food) is the most common way for 

small wild felids to coexist with superior competitors and killers/predators [8,9]. Small wild 

felids are further constrained by human activities, such as deforestation and direct persecution 

for poultry depredation, and by the invasion of their habitats by domestic species, such as 

dogs [11,12]. 



 

The Andean tiger cat (Leopardus tigrinus pardinoides) is a small mesocarnivore (weight: ca. 

2.2 kg, length: 70-80 cm; Fig. 1A) distributed in northwestern South America [13]. Tiger cats 

mainly hunt small mammals, reptiles, and birds [2]. Little is known about the basic natural 

history of these animals, especially the spatial and temporal interactions of Andean tiger cats 

with sympatric carnivores and their prey [14,15]. They are found in small and large forest 

remnants [15,16] and in pristine and disturbed areas [17]. The Andean tiger cat is categorized 

as vulnerable, and its populations are declining across its geographic range worldwide [17] 

and specifically in Colombia [18]. Andean tiger cat occurrence in Colombia is thought to be 

mainly constrained by both natural (inter-Andean valleys below 1500 m asl) and 

anthropogenic barriers (human settlements and roads) [19,20]. The latter are specifically 

associated with the legacy of an intensive human footprint that has impacted the northwestern 

Andes region since the 1970s, a period of rampant population and economic growth in 

Colombia [21]. Conversely, it has been suggested that shielding the habitat of this forest-

dwelling felid with integrative networks of public and private protected areas could promote 

the conditions for its persistence [16]. Nevertheless, important knowledge gaps regarding 

which drivers are relevant to infer the habitat use of the Andean tiger cat remain in the region 

and must be filled to strengthen conservation actions. 

Camera traps are a well-stablished tool for studying relevant population parameters such as 

abundance, density, and occupancy of a diverse range of cryptic or elusive species [22]. In 

this context, occupancy has been used as a robust method for determining the role of habitat 

features, interspecific interactions, and human activities in the occurrence of poorly 

understood species [23]. In Colombia, there have been a growing number of studies assessing 

the effects of different abiotic and biotic predictors on the occupancy of small wild felids, 



 

such as ocelots (Leopardus pardalis), jaguarundis (Herpailurus yagouaroundi), margays (L. 

wiedii), and Andean tiger cats [15,16,24–26]. Only two occupancy studies involving the 

elusive Andean tiger cat in mountain cloud forests have been carried out using single and 

multispecies approaches. Notably, the conditional effect of food and risk availability, at least 

in some form of cooccurrence between Andean tiger cats and both small mammals and other 

sympatric carnivores, respectively, is still overlooked. However, it could be a relevant driver 

of its habitat use as seen in other species of small wild felids [27–29]. We used camera traps 

in conjunction with occupancy and cooccurrence modeling to determine how the habitat use 

of Andean tiger cats is modulated by different habitat conditions and by potential 

competitors, intraguild killers/predators and prey. To answer these questions, we surveyed 

three protected cloud forests comprising a key location in the Middle Cauca River Basin 

(hereafter Middle Cauca) in Colombia. 

Hypotheses 

Increased survey effort has been linked to higher detectability of other neotropical small wild 

felids [5,30]. Detectability may also vary among camera brands due to differences in the 

camera features, such as the time delay of the passive infrared (PIR) sensor [31]. It has been 

suggested that the use of cameras with shorter PIR time delays increases the probability of 

detecting fast-movement animals [22]. Thus, we expected that Andean tiger cat detectability 

would increase with a greater sampling effort [5] and shorter PIR time delays.  

The structural complexity of the habitat is the degree of both horizontal and vertical spatial 

heterogeneity present in the forest structure [32]. We expected that the habitat use of Andean 

tiger cats would increase in sites with more complexity in the vertical and horizontal forest 

structure dimensions since they represent greater availability of prey and refuge [4,6]. We 



 

also expected Andean tiger cat habitat use and detectability to decrease in sites with a steeper 

slope given its related energetic investment in movement [33,34].   

Since they are forest-dwelling felids, we expected that Andean tiger cats would negatively 

respond to forest fragmentation and landscape heterogeneity but positively respond to forest 

amount and patch cohesion [6,16]. We expected that a greater human footprint legacy in the 

study areas would negatively affect the habitat use of Andean tiger cats, as has been 

previously found for other neotropical mammals [35]. Proximity to human settlements and 

roads relates to detrimental activities for Andean tiger cats, such as unregulated tourism, 

roadkill, illegal hunting, and encounters with dogs, thus, we expected greater habitat use for 

the species in sites distant from these features [20,36]. 

Small mammals are a pivotal energy source for tiger cats, representing nearly half the 

biomass of their prey [2]. We expected that Andean tiger cats would use sites with greater 

small mammal occupancy to increase hunting success [3,37]. We also expected that Andean 

tiger cats would avoid sites where other carnivores of greater body mass might be present to 

reduce potential encounters that could promote intraguild killing or competition [38]. Theory 

predicts that in cases where resources are abundant (e.g., prey), dominant carnivores tend to 

exclude subordinate carnivores, whereas if resources are scarce, the dominant carnivore is 

excluded, but the subordinate thrives through specific adaptations [10]. 



 

 

Fig 1. Andean tiger cat in its conservation stronghold, the Andean cloud forest of the 

Middle Cauca (A), and protected areas where this research was conducted. The 

Mesenia-Paramillo Nature Reserve – MPNR (B), the Cuchilla de San Juan Integrated 

Management District – CSJIMD (C) and the Campoalegre Soil Conservation District – 

CSCD (D). Represented are the main types of land covers and the Risaralda department, the 

target national land division unit. Layers of land cover types, elevation, and human 

settlements were obtained from their original sources, which are available online [39–41]. 

 

Materials and Methods 

Ethics statement 



 

We used noninvasive methods for data gathering, and hence, approval from institutional or 

animal ethics committees was not needed. Our field team was verbally authorized by the 

local communities and specific landowners to survey the study areas.  

Study area 

The camera trap survey was conducted in three different protected areas from the Middle 

Cauca, which is a river basin located between the Western and Central Cordilleras in the 

Northern Andes of Colombia. The Mesenia-Paramillo Nature Reserve (MPNR) and Cuchilla 

del San Juan Integrated Management District (CSJIMD) are located on the eastern slope of 

the Western Cordillera (Fig 1B, C). The Campoalegre Soil Conservation District (CSCD) is 

located on the western slope of the Central Cordillera (Fig 1D) and is the largest reserve 

surveyed with an area of 211.3 km2, followed by CSJIMD with 117.9 km2 and MPNR with 

35 km2. The average annual temperature in the study areas ranges from approximately 15–

23°C, and the average annual rainfall is 1,900 to 3,100 mm [42]. The most representative 

native vegetation cover in the region is the northwestern Andean cloud forest. These forests 

present stunted and gnarled canopies with high cover of epiphytes and an understory 

permanently covered by abundant leaf litter, adventitious roots, and fallen trunks [43]. In the 

surrounding zones of the protected areas, it is common to find large expanses of pastures for 

cattle ranching, eucalyptus and pine plantations, and abandoned plots with secondary 

vegetation and crops (mainly coffee and avocado) [15,44]. There is unmanaged tourism as 

well as illegal logging and hunting both within and around CSCD and CSJIMD, with both 

protected areas facing a lack of personnel to control this kind of human activity. In contrast, 

the MPNR is the only protected area that has trained forest rangers that regulate tourist entry 

and prevent hunting and logging within its limits. Consequently, the MPNR has a greater 



 

proportion of cloud forests in contrast to other existing covers in the studied landscape (80%) 

compared to CSJIMD (67%) and CSCD (66%), which are currently under expansion due to 

ongoing restoration efforts. 

Sampling design 

We set 21 camera traps in MPNR, 22 in CSJIMD and 23 in CSCD inside their native forest 

covers, which were arranged in a 1 km2 grid with an average spacing of 962 ± 84 m following 

previous study designs on space use by neotropical small felids [30,38,45,46]. Excluding the 

damaged or stolen cameras, we were able to collect data from 58 sampling stations for 

subsequent analysis (Table 1). Prior to installation, we removed the vegetation within a strip 

in front of the camera's detection field that was 1 m wide and 5 m long to avoid ‘ghost photos’ 

caused by wind-blown vegetation [47]. At each station, a single camera was attached at 30 

cm high along natural trails favored by felids, without the use of lures [36]. We used several 

brands and models of passive infrared camera traps for each protected area (APEMAN ® 

Trail Cam H45, Blaze Video ® A262 Animal Cam, Browning ® Strike Force Apex and 

Strike Force Gen 5, Bushnell ® Trophy Cam HD, Trophy Cam 119717CW, Trophy Cam 

Agressor, Reconyx ® Hyperfire, and Victure ® HC300). We set the cameras to take 

sequences of three photos with the minimum delay possible (0–5 s depending on the brand). 

The sampling effort and the number of cameras varied between reserves (Table 1), and the 

average sampling duration for each camera location was 130 ± 24 days. The MPNR sampling 

period was from August 2020 to February 2022, the CSJIMD was from December 2021 to 

June 2022, and the CSCD was from February to November 2021. 

 



 

Table 1. Protected area, sampling area, number of active stations (excluding stolen or 

damaged cameras), elevation range covered by the camera grid, and number of 

independent detections of the Andean tiger cat, tayras, intraguild killers/predators, and 

prey. Abbreviations: PA; protected area, MCP; minimum convex polygon of the camera trap 

array, MPNR; Mesenia-Paramillo Nature Reserve, CSCD; Campoalegre Soil Conservation 

District, CSJIMD; Cuchilla de San Juan Integrated Management District, NID; number of 

independent detections.  . 

PA MCP 

(km2) 

Active 

stations 

Elevation 

range (m 

asl) 

Effort 

(trap/

nights

) 

NID (NID per 7-day occasion) 

 

     Andean 

tiger cat 

Tayra 

 

Intraguild 

killers/pre

dators 

Prey 

MPNR 26.57 19 1,700–

3,177 

4,518 109(70) 89(63) 54(46) 532(184) 

CSJIMD 26.49 19 2,200–

3,200 

2,829 56(46) 52(41) 17(16) 215(119) 

CSCD 21.02 20 1,800–

3,800 

3,342 16(13) 17(14) 12(11) 218(120) 

 

 



 

Covariates. We included covariates on the microhabitat and landscape scales based on a 

priori biological hypotheses of their effects on the habitat use of Andean tiger cats (S1 Table). 

We quantified the number of days in which the cameras were active to estimate the potential 

effects of the survey effort on Andean tiger cat detectability [48]. To minimize the biases 

associated with the variation in the camera trap functionality, we included the minimum PIR 

time delay of each brand as a categorical covariate conditioning detectability [49]. 

Landscape scale. We describe landscape structure using a 30 m resolution land cover 

classification product that fixes the error induced by cloudiness in the study area [39]. We 

created buffer areas with a 500 m radius using the location of each camera trap as the area 

centroid to quantify class-derived landscape metrics (Table S1). Even though 500 m seems 

to be a small buffer radius for making landscape-scale inferences in the occupancy of small 

wild felids under some environmental contexts [38]. The area defined by this buffer is 

projected in a two-dimensional instead of a three-dimensional surface. This issue is usually 

ignored in studies involving mobile organisms immersed in landscapes with vertical relief 

[34]. In particular, felids may have greater constraints on their habitat use in three-

dimensional (e.g., valleys and hills in the highland cloud forests) rather than two-dimensional 

(e.g., plains and lowland rainforests) environments, as the former have a greater surface area 

[50]. Thus, according to the broken topography inside the 500 m buffer of each site surveyed, 

the minimum home range size (0.9 km2) reported for lowland members of the tigrinus 

complex [38] and recent evidence on the occupancy of other small wild felids elsewhere 

[6,51,52]. We might expect that a 500 m buffer would be an accurate spatial scale for 

modeling the effects of landscape predictors on the habitat use of the Andean tiger cat, at 

least in our study system.  



 

We estimated four landscape metrics reflecting landscape heterogeneity (Shannon’s index), 

forest amount, edge density and forest patch cohesion index using the LecoS plugin of QGIS 

3.16 software [53]. We constructed a Pearson’s correlation matrix to inspect for collinearity 

issues (r > |0.65|) among landscape structure covariates. We noted that forest amount showed 

a strong positive correlation with patch cohesion index (r = 0.83) and a strong negative 

correlation with landscape heterogeneity (r = -0.92) and edge density (r = -0.86). Given the 

correlation structure we found in our landscape metrics, we decided to summarize their 

effects with a single landscape structure covariate (LS) after applying principal component 

analysis [16]. According to Kaiser-Kupferman’s criterion, the most important linear 

combination was determined using the first principal component, as it presented eigenvalues 

> 1 [4,16,54]. The negative values of the first principal component represented a positive 

gradient of amount and cohesion of forest patches, while the positive values reflected greater 

habitat heterogeneity and forest edge density. Further details on this covariate are provided 

in the supplementary material (S1 Fig).  

To determine whether the habitat use of Andean tiger cats increased monotonically with 

increasing elevation or if it decreased when elevation peaked value, we also tested the linear 

and quadratic effects of elevation [35]. The Legacy Human Footprint Index (LHFI)  

combines the effects of land use intensity and time to intervention in the landscape at a 

resolution of 300 m and we obtained the average value for each station with 500 m buffers 

[21]. From cartographic information provided by the Departamento Administrativo Nacional 

de Estadistica – DANE GeoPortal (https://geoportal.dane.gov.co/), we calculate the 

Euclidean distance between each sampling station and the nearest roads and human 

settlements using the QGIS 3.16 plugin NNJoin.  



 

Site-scale. As an indicator of understory vertical complexity, leaf litter depth was determined 

using a measuring tape and a rod that was slowly driven into the soil at a 90° angle until it 

reached the rhizosphere [55,56]. To quantify the horizontal microhabitat structure, we used 

a 50 x 50 cm wooden square composed of a nylon net with 100 grids to measure the 

proportion of canopy, herbaceous, and leaf litter cover at each station [57]. Canopy height is 

a covariate that often represents the vertical complexity in the canopy [58], and we measured 

it with a Nikon Prostaff 550 laser. We measured the slope with a Suunto PM-5/360 PC 

clinometer as an indicator of the microhabitat topographic inclination. For each sampling 

station, we recorded measurements at the point where the camera was installed and at 5 m in 

each cardinal direction [6]. We averaged the measurements obtained for each microhabitat 

covariate and used the resulting value as input for subsequent modeling [6]. 

We scaled all the numerical covariates to facilitate direct comparison between model 

estimates and improve parameter estimation through the following formula: raw data - 

average/standard deviation [48,59]. Subsequently, to minimize bias in the modeling, we 

removed numerical covariates with multicollinearity or uniformity problems (S2 Fig), which 

were detected via graphical inspection and a correlation Pearson coefficient [4,48]. We found 

a strong positive correlation between elevation and distance to roads, as well as a strong 

negative correlation between herbaceous cover and leaf litter cover and between LHFI and 

distance to human settlements (S2 Fig). The final set of covariates used in the occupancy 

models for the Andean tiger cat included landscape structure, protected area, canopy height, 

canopy cover, leaf litter cover, leaf litter depth, slope, distance to human settlements and 

elevation. For the modeling of detection probability, the final set of covariates included 



 

herbaceous cover, slope, detection delay of the passive infrared sensor and survey effort of 

the camera traps. 

Occupancy modeling 

We considered the occasions to be independent and pooled the pictures of each station over 

a 24 h period. For the design of the detection/nondetection histories, we collapsed the survey 

into weekly periods to reduce zero-inflation in the matrix and improve model convergence 

[35]. In the occupancy modeling, we defined each camera-trap station as the sampling unit 

[23]. Since the movement patterns of the target species are larger relative to the area covered 

by the detection field of our sampling units, we interpreted the results of our occupancy and 

detection estimates as habitat use and intensity of use, respectively [23]. 

To test the relationships between the habitat use of the Andean tiger cat and the selected 

covariates, we built single-species-single-season occupancy models, establishing two 

hierarchically linked processes: ecological and observational. The first represents the 

occupancy probability (ψij), defined as the probability of the species occurring or using a site 

during a sampling season [23]. This parameter is represented as a latent variable with 

Bernoulli distribution and descriptor function of the form zi∼Bernoulli (ψ), where Ζ is the 

actual occupancy value at each site i with probability of occurrence ψ [60]. The observation 

process represents the imperfect detection of the species and is represented by the probability 

function pij |Ζi∼Bernoulli(ψi*pij), where pij is the observation at each site i at each visit j if 

site i is occupied [23]. These parameters can be modeled as a function of covariates in a 

logistic regression of the form logit (ψi) = β0 + β1xi0 for occupancy or logit (pi) = α0 + α1xi 

for detection [60], where β0 and α0 are intercept values from which the model starts and xi is 

the covariate(s) measured for each station i. 



 

To determine the most influential covariates affecting the occupancy of Andean tiger cats, 

we used a Bayesian modeling framework [61]. We fit each model with uninformative priors 

and ran three Markov Chain Monte Carlo (MCMC) samplers of 30,000 iterations, from which 

the first half was discarded as burn-in. Additionally, we calibrated the models with an 

acceptance sample (adapt_delta) of 0.99 for the adaptation period of the MCMC sampling 

[62]. A value of 0.99 for adapt_delta means that the algorithm will explore the parameter 

space more thoroughly during adaptation, which can lead to better quality posterior samples 

[63]. We used the expected log pointwise predictive density (elpd) to compare and rank the 

models, as it is a measure of model predictive accuracy [59]. The elpd reflects how the model 

predicts future data, assuming that it came from the same distribution as the observed data 

[64]. To assess model support relative to the top model, we also computed the pairwise 

differences in elpd (Δelpd) between models and the top model. We performed model 

selection using the leaving one out (LOOIC) cross-validation information criterion on the 

estimates of the posterior distribution [64]. LOOIC removes one data point at a time from the 

dataset, fits the model to the remaining data, and then uses the model to predict the value of 

the removed data point. This process is repeated for each data point to obtain an estimate of 

the model's predictive accuracy [65]. We considered a model to have less support than the 

top model if its absolute difference in elpd was greater than the standard error of that 

difference [64]. We then performed sequential-by-selection submodeling using the p-first 

approach [66]. In the first stage, we modeled the detection process by fixing the individual 

effect of its associated covariates while keeping ψ constant [35]. In the second stage, we 

modeled ψ by individually fixing its corresponding covariates while fixing the model for p 

with its most relevant covariate, as previously determined [66].  



 

To test for unaccounted variation in the relationship between the selected covariates at each 

study location (e.g., MPNR, CSCD, and CSJIMD) and the occupancy of Andean tiger cats, 

we included the former as a random effect in the same modeling structure. However, this 

model did not perform better than models without the random effect (S2 Table). Recent 

evidence suggests that, when models include a random effect with fewer than five factorial 

levels, it is convenient to return to a model with fixed effects to prevent inflated variances 

[67]. We inferred the influence of the supported covariates on the top-ranked occupancy and 

detection models by inspecting the β coefficients and their 95% credibility intervals [61]. We 

looked for positive or negative trends in the relevant covariates of each model by determining 

if the credibility intervals had non-zero overlap and positive or negative values, respectively 

[4]. We assessed model convergence by inspecting the Gelman-Rubin Statistic (R-hat); R-

hat<1.1 indicates that the models are acceptable [68]. We tested the models for 

overdispersion via a posterior predictive check using the MacKenzie-Bailey test for the most 

parsimonious models [23]. We computed this test for the real data and for the simulated 

dataset in each iteration of the MCMC sampling [61]. If the model showed a good fit, the 

proportion of draws in which the simulated estimator is greater than the real estimator should 

be greater than 0.05 (Bayesian P value > 0.05) [60,61]. Bayesian occupancy models were 

built using the ubms package [61] version 1.1.0 in R software. To assess spatial 

autocorrelation, we applied Moran’s I index to the residual component of the top-ranked 

models for the occupancy of the Andean tiger cat and visually inspected spline correlograms 

for correlation patterns across the distance unit [69]. We obtained the model residuals for the 

occupancy component defined by Wright et al. [70]. The spatial autocorrelation analysis was 

performed using the nfc package [71] version 1. 3. 0. 



 

Cooccurrence modeling 

To model the effect of the occupancy and detection of other species on the occupancy and 

detection of Andean tiger cats, we implemented conditional cooccurrence models [72] using 

the ΨBa parameterization (Table 2). This is an asymmetric scenario established between two 

interacting species, where the occupancy and detectability of one species is assumed to be 

conditional on the occupancy and detectability of another species given some a priori criteria 

[10,72]. To assess whether Andean tiger cat occupancy and detection were related to that of 

prey, we assigned all detected small mammals as the dominant species (ΨA) and the Andean 

tiger cat as the subordinate species (ΨB). In the context of the spatial cooccurrence between 

Andean tiger cats and sympatric carnivores, we designated the former as the subordinate 

(ΨB) due to its small body size, restricted geographic range, and previous evidence of 

competitive exclusion with sympatric felids [45,73]. 

 

Table 2. Parameters in the conditional cooccurrence modeling of the Andean tiger cat 

with its prey, intraguild competitors and killers/predators in three protected cloud 

forests from the Middle Cauca, Colombia. 

Parameter Description 

ΨA Occupancy probability of intraguild competitors, killers/predators, and prey 

ΨBA Occupancy probability of Andean tiger cats given intraguild competitors, 

killers/predators, and prey presence. 

ΨBa Occupancy probability of Andean tiger cats given intraguild competitors, 

killers/predators, and prey absence 



 

pA Detection probability of intraguild competitors, killers/predators, and prey 

given Andean tiger cat absence. 

pB Detection probability of Andean tiger cats given the absence of intraguild 

competitors, killers/predators, and prey 

rA Detection probability of intraguild competitors, killers/predators, and prey 

given the presence of both species. 

rBA Detection probability of Andean tiger cats given the presence of both species 

and the detection of intraguild competitors, killers/predators, and prey 

rBa Detection probability of Andean tiger cats given the presence of both species 

and the nondetection of intraguild competitors, killers/predators, and prey 

 

The dominant intraguild members were identified according to body mass differences, 

trophic overlap, and the sample size obtained to improve parameter estimation of the data-

hungry cooccurrence models [68,73–75]. The cooccurrence of Andean tiger cats against 

other potentially dominant intraguild members was analyzed in two different ways. First, we 

analyzed the cooccurrence of Andean tiger cats conditional on tayras as potential intraguild 

competitors. In some areas, tayras exhibited high dietary overlap with tiger cats and similar 

body mass ratios [9,75] and, in our context, had an appropriate sample size compared to any 

other intraguild species to model conditional parameters. Second, we analyzed the 

cooccurrence of Andean tiger cats conditional on a category of potential intraguild 

killers/predators (e.g., pumas, ocelots, dogs, and Andean bears). Overall, the selected species 

exceed by far the body mass ratio required to induce a safety kill over an Andean tiger cat 

[9] but where combined together due to their low sample size to improve model convergence. 

We recognize that this coarse taxonomic resolution hinders us from discriminating fine-scale 

differences in the intensity of the cooccurrence outcome for intraguild killers/predators. 

Nevertheless, the selected species have the potential to limit the occupancy of Andean tiger 



 

cats either by direct predation or killing to avoid encounters during the use of a particular 

resource [38,75]. Therefore, irrespective of the kind of antagonism, we might expect a 

nonrandom response in the use of a given site by Andean tiger cats as a function of the 

presence of other carnivore species.  

 Once we defined the conditional state of each taxon, we built models assuming that the 

occupancy of ΨB was (ΨBA ≠ ΨBa) or was not (ΨBA = ΨBa) affected by the presence of 

ΨA. Furthermore, we modeled all detection parameters within both independent (pA = rA, 

pB = rBA = rBa) and dependent (pA ≠ rA, pB ≠ rBA ≠ rBa) cooccurrence states. We 

performed model selection based on the Akaike information criterion (AIC) corrected for 

small samples (AICc), and the best models were retained according to a conventional 

parsimony threshold (ΔAICc < 2) [76]. 

As with occupancy models, transformed β coefficients were used to infer either positive or 

negative relationships between covariates and conditional parameters [4]. Covariates from 

the best single occupancy models were included in the cooccurrence models to account for 

habitat preferences in imperfect detection. If the best models retained a conditional parameter 

structure (ΨBA ≠ ΨBa or rBA ≠ rBa), we estimated the species interaction factor (SIF) and 

species detection factor (DIF). The SIF (Φ) represents the probability that two species of 

interest cooccur nonrandomly in the landscape and is calculated as follows: Φ = (ΨA 

ΨBA)/ΨA (ΨA ΨBA + (1- ΨA) ΨBa [77]. If φ > 1, the two species tend to coexist more than 

expected by chance; if φ < 1, the species tend to evade one another; and if φ = 1, the species 

exist independently, and there is no evident pattern of evasion or aggregation [72]. The DIF 

(δ) represents the codetectability, in other words, the probability of two species being 

nonrandomly codetected, and is calculated as follows: δ = rBA/(rA rBa). If δ ≠ 1, then the 



 

detection probabilities of both ΨB and ΨA are conditional on the other, as in the SIF. 

Conditional cooccurrence models were built using the wiqid package [78] version 0. 3. 3. 

through R Software. 

Results 

After 10,689 trap/nights in a sampling area of 74.1 km2, we obtained 129 independent 

detections of Andean tiger cats under a 7-day occasion framework at 38 sites (54% - MPNR, 

36% - CSJIMD, 10% - CSCD), 118 independent detections of tayras at 39 sites, 73 

independent detections of potential intraguild killers/predators at 27 sites (61% - MPNR, 

27% - CSJIMD, 12% - CSCD) and 463 independent detections of prey at 49 sites (55% - 

MPNR, 22% - CSJIMD, 23% - CSCD). Of the records obtained for intraguild 

killers/predators, 33% corresponded to Andean bears (9 sites), 27% to dogs (9 sites), 26% to 

pumas (11 sites), and the remaining 14% to ocelots (8 sites). We found that 77%, 76%, and 

72% of the sites with Andean tiger cat presence also manifested presence of tayras, prey, and 

potential intraguild killers/predators, respectively.  

Occupancy modeling 

Hereafter, we present the results obtained for the three protected areas together, yet separate 

estimates can be found in the supplementary material (Table S2). The null model showed 

that there was a 15% chance of obtaining a weekly detection of the Andean tiger cat if present 

(p = 0.15, SD = 0.02, CI = 0.12–0.17) and an average occupancy of 68% (Ψ = 0.68, SD = 

0.06, CI = 0.55–0.80). The top-ranked model showed that there was 13% chance of obtaining 

a weekly detection of the Andean tiger cat if present (p = 0.13, SD = 0.02, CI = 0.09–0.18) 

and an average occupancy of 73% (Ψ = 0.73, SD = 0.08, CI = 0.56–0.88). 



 

The top-ranked model for Andean tiger cat detection included the effects of the camera trap’s 

PIR time delay (Table 3). Detection was higher for the species at sites that had cameras with 

a PIR time delay ≤ 0.6 seconds (Fig 2A). The top-ranked models for Andean tiger cat 

occupancy included the effect of leaf litter depth, quadratic elevation, and distance to human 

settlements (Table 3). Leaf litter depth had a positive and marked effect on the occupancy of 

Andean tiger cats (β = 1.38, SD = 0.55, CI = 0.41–2.57, R-hat = 1) (Fig 2B). The occupancy 

of Andean tiger cats reached a maximum between 2,000 and 3,000 m asl, rapidly decreasing 

above or below this threshold (β = -0.99, SD = 0.41, CI = -1.85 – -0.21, R-hat = 1) (Fig 2C). 

Distance to human settlements had a positive but weak effect on the occupancy  of Andean 

tiger cats (β = 0.81, CI = 0.0372–1.71, R-hat = 1) (Fig 2D). Goodness-of-fit tests performed 

to identify the best models showed a marginal fit and signs of underdispersion (S3 Fig). 

Moreover, we did not find any sign of spatial autocorrelation in Andean tiger cat occupancy 

(S4 Fig). 



 

 

Fig 2. Predictions of the posterior distribution for the occupancy and detection of 

Andean tiger cats in three protected cloud forests from the Middle Cauca. The detection 

of the Andean tiger cat was predicted against the time delay in seconds (A) of the passive 

infrared sensor. The occupancy of the Andean tiger cat was predicted against the 

covariates representing (B) leaf litter depth, (C) quadratic elevation, and (D) distance 

to human settlements. The orange shading represents the 95% credibility intervals. PIR is 

defined as the passive infrared sensor of the camera trap brands. 

 

Table 3. Estimates of the posterior distribution of the occupancy and detection 

parameters obtained for Andean tiger cats in three protected cloud forests from the 



 

Middle Cauca, Colombia. Abbreviations: ELPD; expected predictive accuracy, K; number 

of parameters, ELPDΔ; difference in expected predictive accuracy between any model and 

the best model, SE; standard error of the difference in predictive accuracy, PIR; passive 

infrared sensor, SL; slope, CF; herbaceous cover, E; effort, PH; leaf litter depth, PA; 

protected area, HUM; distance to human settlements, CH; leaf litter cover, CD; canopy cover, 

AD; canopy height, LS; landscape structure.  

Parameter Model ELPD K ELPDΔ SE ELPD ELPD 

weight 

P p(PIR)Ψ(.) -392.936 11.316 0 0 0.654 

p(.)Ψ(.) -396.19 3.731 -3.254 6.391 0.025 

p(SL)Ψ(.) -397.562 6.007 -4.626 6.522 0 

p(CF)Ψ(.) -398.459 8.515 -5.523 6.796 0.145 

p(E)Ψ(.) -399.034 8.693 -6.098 7.407 0.177 

Ψ p(PIR)Ψ(PH) -388.967 11.825 0 0 0.442 

p(PIR)Ψ(Elevation2) -389.842 13.068 -0.875 2.735 0.216 

p(PIR)Ψ(PA) -391.324 12.551 -2.357 3.009 0 

p(PIR)Ψ(HUM) -391.347 11.835 -2.38 3.43 0.071 

p(PIR)Ψ(CH) -392.521 12.539 -3.554 2.535 0 

p(PIR)Ψ(Elevation) -393.143 13.076 -4.176 3.175 0 

p(PIR)Ψ(CD) -393.523 12.952 -4.556 2.969 0 

p(PIR)Ψ(SL) -393.581 11.891 -4.614 2.566 0 

p(PIR)Ψ(AD) -393.906 12.567 -4.939 2.918 0 



 

p(PIR)Ψ(LS) -393.959 12.778 -4.992 2.424 0 

p(.)Ψ(.) -396.19 3.731 -7.223 6.589 0.271 

 

Cooccurrence modeling 

The cooccurrence modeling procedure revealed a random cooccurrence pattern of Andean 

tiger cats with their prey, tayras and intraguild killers/predators (S3 Table). However, the 

Andean tiger cat detection probability was higher when prey was present and detected (rBA 

= 0.14, CI = 0.11–0.18) than when it was undetected (rBa = 0.10, CI = 0.08–0.13). This was 

also the case when comparing the Andean tiger cat detection probability with that of 

intraguild competitors (Fig 3). Andean tiger cat detectability was lower when tayras were 

present but undetected (rBa = 0.11, CI = 0.09–0.14) than when they were present and detected 

(tayras: rBA = 0.29, CI = 0.21–0.39). In addition, there was no evidence to support that 

Andean tiger cat occupancy or detectability was conditional on that of its intraguild 

killers/predators (S3 Table). However, the detectability of intraguild killers/predators 

increased at sites with presence of both Andean tiger cats and intraguild killers/predators (rA 

= 0.09, CI = 0.07–0.12), compared to sites where only intraguild killers/predators were 

present (pA = 0.07, CI =0.03–0.13). 



 

 

Fig 3. Coefficients of the parameters estimated by the conditional cooccurrence models 

of Andean tiger cats against (A) potential prey, (B) tayras, and (C) potential intraguild 

killers/predators. Vertical bars represent 95% confidence intervals. Parameter 

abbreviations: pA; detection probability of intraguild competitors, killers/predators and prey 

given Andean tiger cat absence, pB; detection probability of Andean tiger cats given the 

absence of intraguild competitors, killers/predators and prey, ΨA; occupancy probability of 

intraguild competitors, killers/predators and prey, ΨBa; occupancy probability of Andean 

tiger cats given intraguild competitors, killers/predators and prey absence, ΨBA; occupancy 

probability of Andean tiger cats given intraguild competitors, killers/predators and prey 

presence, rA; detection probability of intraguild competitors, killers/predators and prey given 

the presence of both species, rBa; detection probability of Andean tiger cats given the 

presence of both species and the nondetection of intraguild competitors, killers/predators and 

prey, and rBA; detection probability of Andean tiger cats given the presence of both species 

and the detection of intraguild competitors, killers/predators and prey. 



 

The SIF was 1.0 when comparing the Andean tiger cat occupancy conditional on the presence 

of either prey, tayras, or intraguild killers/predators, suggesting that Andean tiger cats are 

using the sites regardless of their presence. Nevertheless, the DIF was positive when 

comparing Andean tiger cat detection conditional on the detection of prey (δ = 1.41) and 

tayras (δ = 3.10). None of the relevant covariates for predicting the occupancy of Andean 

tiger cats could explain the patterns of cooccurrence with their prey, tayras, and intraguild 

killers/predators (S3 Table). 

The SIF was 1.0 when comparing the Andean tiger cat occupancy conditional on the presence 

of either prey, tayras, or intraguild killers/predators, suggesting that Andean tiger cats are 

using the sites regardless of their presence. Nevertheless, the DIF was positive when 

comparing Andean tiger cat detection conditional on the detection of prey (δ = 1.41), and 

tayras (δ = 3.10). None of the relevant covariates for predicting the occupancy of Andean 

tiger cats could explain the patterns of cooccurrence with their prey, tayras, and 

killers/predators (S3 Table). 

Discussion 

This is the first detailed study assessing the habitat requirements for Andean tiger cats in 

highland ecosystems across its geographic range. The habitat use of the Andean tiger cat was 

mainly affected by leaf litter depth, elevation, and, to a lesser extent, the distance from human 

settlements. We did not find support for conditional cooccurrence between Andean tiger cats 

and either prey or intraguild competitors and killers/predators, but we did find that their 

detectability increased when both prey and tayras were present and detected. Overall, we 

found that Andean tiger cats occurred in more than half of the sampling units in the studied 

protected areas but were imperfectly detected in the surveys. Our results agreed with some 



 

previous estimates of occupancy and detection for the tiger cat species complex from the 

cloud forests of the Western Cordillera to the Atlantic Forest and the Caatinga drylands (S4 

Table). 

The covariate most relevant for the Andean tiger cat detectability was the PIR time delay, 

with PIR = 0.6 being the shortest found in the camera brands used. This finding aligns with 

both experimental and empirical evidence, which suggests that camera brands with short time 

delays are optimal to detect carnivores, as they tend to be fast-moving species [49,68]. Thus, 

we suggest using faster PIR camera brands in future surveys to improve Andean tiger cat 

detectability. Contrary to the trends observed for other neotropical small felids, we found that 

the camera trap effort showed no relevant effect on the detectability of the Andean tiger cat 

[5,30,62]. 

We found a nonlinear response of Andean tiger cats to elevation and a greater use of sites 

located at approximately 2,000 to 3,000 m asl. Elevation was previously reported as an 

influential driver of habitat suitability for Andean tiger cats in Colombia, with more suitable 

habitats at higher elevations [79]. We observed a greater use of sites at middle elevations, 

which could be related to prey availability likely represented by the assemblages of small 

mammals [80,81]. In Andean cloud forests, the diversity of small mammals tends to be 

greater at middle elevations, as there is greater species turnover and productivity [82]. 

Moreover, we found a striking correlation of the sampling sites more distant to roads with 

high elevations, which may also affect the habitat use of the Andean tiger cat. In the Northern 

Andes of Colombia, areas at high elevations are less accessible than those at low elevations 

which might reduce the pressures related to encounters with humans, domestic animals, or 

vehicles [21,83]. The constrained access to forested areas at higher elevations may also 



 

discourage forest loss while improving habitat conditions for small felids, as has been found 

in mountain forests of Sumatra [84].  

Meanwhile, climate change could affect range-restricted species at middle elevations because 

Andean ecosystems are moving to higher elevations as an effect of increased environmental 

warming [85,86]. Under environmental warming, cloud forests are expected to suffer an 

altitudinal attrition of their cloud formations, which will compromise the integrity of their 

bottom-up processes [86]. As a consequence, species with restricted niches will be more 

susceptible to range shifts and contractions due to resource depletion and increased 

competition against migrant species from the lowlands [86]. Notably, by the 2050s, climatic 

forecasts under the “business as usual scenario” indicate that the current members of the 

tigrinus complex will suffer the greatest range contraction of any neotropical small felid, 

losing 86.2% of its actual range [87]. Regardless, the authors suggest that the conflictive 

taxonomy of the tigrinus complex could prevent any conclusion on their imminent risks and 

urge a fair diagnosis between the highland and lowland forms [87]. More research is needed 

to confirm whether the geographic range of the Andean tiger cat would suffer a similar or 

different fate due to the warming of the inter-Andean valleys from northwestern Colombia. 

Contrary to our expectations, the landscape structure aspects we measured within the 

protected areas did not influence Andean tiger cat habitat use. It has been suggested that 

greater landscape heterogeneity increases prey availability and, consequently, the habitat use 

of small wild felids [88,89]. However, the flexible use of disturbed areas by these organisms 

depends on the landscape context since the availability of conserved neighboring habitats is 

required [16]. Our results aligned with a study conducted in the highlands of Ecuador, which 

found no effects of habitat loss or fragmentation on the habitat use of pumas, Andean bears, 



 

Andean foxes (Lycalopex culpaeus), and strip hog-nosed skunks (Conepatus semistriatus). 

This study suggested that, regardless of anthropogenic landscape transformation, the high 

Andes ecosystems are already heterogeneous, comprising forests, shrubs, and grasslands 

(paramos), which could explain the widespread carnivore occurrence in this landscape [90]. 

Nonetheless, plasticity in trophic preferences may enable some species to adapt more easily 

than others in heterogeneous landscapes [16].  For example, omnivorous species (e.g., foxes, 

Andean bears) are able to use more resources than strict carnivorous species, which is 

favorable in terms of increased permeability to the existing conditions in the matrix [16].  

We found a positive effect between the habitat use of Andean tiger cats and the distance to 

human settlements, which was consistent with the trends found for lowland tiger cat 

populations [91]. However, in Colombia, Andean tiger cats have been reported near human 

settlements and even in peri-urban areas in major cities [79,92–94]. These observations are 

commonly based on a few indirect or bycatch records of camera traps and tracks, with no 

explicit information relating Andean tiger cat populations with proximity to urban areas. 

Accounting for imperfect detection, we confirmed that Andean tiger cats negatively respond 

to human settlements, at least for our study sites, which belonged to a central portion of one 

of the highest populated and economically active regions in Colombia, the Middle Cauca.  

Therefore, any prior suggestions of Andean tiger cat tolerance to occupy more anthropized 

environments should be interpreted with caution. A key issue is that our models were based 

on the overall conditions of the three protected areas sampled, so we suggest precluding any 

extrapolation of these results to other locations with different conditions, either inside or 

outside the region. There is evidence suggesting that near human settlements, the mortality 

risk for tiger cats increases due to interactions with humans in the form of vehicle collisions 



 

[20], retaliation in poultry depredation and illegal fur trade [17]. Close to human settlements, 

light and noise pollution may also affect the space use of wild felids by introducing fear of 

encounters with humans [95].  

We found a strong positive correlation between the sampling sites closer to human 

settlements and the LHFI. Cloud forests of the middle Cauca proximal to human settlements 

are known to be differentiated from more distant forests by having a more intense land use 

change and a longer history of interventions [83]. In particular, the economic balance of 

industries such as cattle, coffee, and avocado farming relies mainly on the presence of roads 

and the proximity to intermediate and large population zones [96]. This suggests that Andean 

tiger cats are negatively impacted by other synergic anthropogenic factors not considered 

here that may prevail in the region, which also requires expanding our current modeling 

framework. The occupancy of other small felids in South America has been found to decrease 

with a greater abundance of livestock and dogs [29,51]. Including the individual effect of 

such factors as potential drivers of Andean tiger cat habitat use would improve our 

discernment of its response to human disturbance. 

We found that Andean tiger cat habitat use was positively related to leaf litter depth, which 

is generally indicative of a mature healthy cloud forest. Mature cloud forest understories have 

abundant leaf litter and prominent adventitious roots coupled with slow decomposition rates 

and low nutrient concentrations, respectively [82]. The vertical structural complexity of this 

microhabitat may promote the habitat use of Andean tiger cats by providing them food and 

shelter [97]. Deep leaf litter can provide an ideal ambush site, as small mammals tend to seek 

these conditions for thermoregulation, feeding, or nesting [56,97]. A recent study showed 

that leaf litter depth had a strong positive effect on the habitat use of two sympatric species 



 

of short-tailed opossums (Monodelphis spp.) in the eastern Amazon [56]. Deep leaf litter was 

also positively related to the abundance of three terrestrial (Thomasomys laniger, 

Neomicroxus bogotensis, Cryptotis cf. tamensis), and two arboreal (Marmosops caucae, 

Rhipidomys fulviventer) small nonvolant mammals in an oak forest in the Eastern Andes of 

Colombia [97]. We also postulate that the vertical complexity in the understory may provide 

cavities and galleries of various sizes that can be used by Andean tiger cats and other small 

carnivores to avoid intraguild killing. Slope showed no effect on Andean tiger cat habitat use 

and detectability. Carnivores such as Andean bears and pumas tend to prefer sites with little 

slope, such as ridges or streams, to facilitate their movement [98,99]. We postulate that 

Andean tiger cats do not deviate from this overall pattern of carnivore habitat use in rugged 

terrain. 

Conditional cooccurrence models showed that Andean tiger cat habitat use was not affected 

by the presence of prey, but Andean tiger cat detectability increased when prey was present 

and detected. In other words, Andean tiger cats used areas that had more prey more 

frequently. A plausible explanation for this pattern is that Andean tiger cats use sites with 

greater intensity of use by prey to increase hunting encounters, which is expected for an 

opportunistic predator [3]. In temperate ecosystems, small carnivores face a metabolic trade-

off between maximizing food intake and avoiding heat loss, as environmental temperatures 

tend to reach extremely low limits [100]. Preliminary evidence on the activity patterns of 

Andean tiger cats in the surveyed localities also supported this relationship, since there was 

a marked overlap between Andean tiger cat and small mammal activity. 

No support for spatial segregation was found in the habitat use of Andean tiger cats regarding 

the presence or absence of tayras and potential intraguild killers/predators. Nevertheless, the 



 

abundance of the cat’s de facto potential killers/predators was low and hence would not be 

expected to lead to meaningful behavioral changes [36,101]. Tayras, the most abundant 

sympatric carnivore, exhibited, in fact, a greater likelihood of being a competitor rather than 

an actual killer of Andean tiger cats, as they showed high dietary overlap with small 

mammals but fell below the minimum body mass required for a “safety” intraguild killing 

[9,75]. Thus, it is expected that habitat structure and temporal segregation would act as the 

modulating factors driving coexistence in this highland environment, as intraguild 

killers/predators are rare and potential competitors are mostly diurnal and do not depend only 

on meat to survive. Additionally, being highly territorial, felids use a complex system of scent 

marking with their urine and feces to delimit areas of exclusive and common use [102]. 

Hence, we postulate that Andean tiger cats could evade confrontation by recognizing areas 

recently marked by other sympatric carnivores, but this hypothesis needs to be further 

explored. 

In lowland neotropical forests, ocelots tend to suppress populations of smaller mesocarnivore 

species, such as tiger cats, through the ocelot/pardalis effect [38,101]. When ocelot 

populations reach numbers above a certain threshold, small wild felids decline either due to 

intraguild killing or competitive interference [36–38,101]. Nonetheless, we suggest that in 

cloud forests from the Middle Cauca, Andean tiger cats may escape from the ocelot effect 

given the rarity of this mesopredator at higher elevations [5,25]. This spatial segregation has 

been found on a horizontal rather than a vertical scale across the Amazon basin for northern 

tiger cats. In the Guianan savanna shield, northern tiger cats were segregated and used more 

open and drier habitats even when ocelots occurred at low numbers (0.029 ind./km2) and 

were restricted to some gallery forests and forest patches within savannas [101]. 



 

Conservation implications 

The results of this study may help to develop conservation strategies for Andean tiger cat 

populations thriving in the vanishing cloud forests from the Middle Cauca because our study 

design represented nearly 67% of their presumed elevational range (1,500–4,800 m asl) in 

Colombia [19]. A common paradigm when focusing felid research and conservation efforts 

is to prioritize large species over the needs and threats of smaller ones because of their 

charisma and cultural value to society [33,103]. For a long time, the highland forms of the 

tigrinus species complex were not the global, national, and local focus of conservationists 

because they are small, elusive cats living in harsh conditions, making them difficult to study 

[104]. Mountain forests worldwide share a common pattern of greater landscape degradation 

in the lowlands [33]. Most of the degraded lands in the Northern Andes of Colombia are in 

the lowland dry forests of the Cauca and Magdalena basins, but this trend has been changing 

since the last century [105]. The increased landscape degradation upward from the mountains 

together with climate change could lead to important contractions of the Andean tiger cat’s 

remaining habitat. We need to examine whether Andean tiger cats may experience vertical 

migrations across their geographic range in the future to resist the rise in temperature and 

habitat fragmentation. We highlight the potential of this highland felid to be a sentinel species 

on the impacts of climate and land-use change on the Andean cloud forest, as has been 

previously proposed for other small carnivores [106].  

Supporting species persistence in forest-dwelling predators necessarily involves granting 

suitable forest conditions on the long run [107]. Endangered Pacific stone martens (Martes 

caurina), for instance, specialize in seeking logs and hollows at live trees in forests to 

establish resting and denning sites, with a particular tendency to use structures of trees with 



 

larger diameters [107]. Our results demonstrate that leading the leaf litter cover to gradually 

accumulate may improve the quality of the habitat available for the Andean tiger cat, which 

could be considered in future forest management actions interested in benefiting this 

threatened felid. Indeed, deep leaf litters are regarded as a key trait of cloud forests worldwide 

[43], providing important resources for a diversity of taxa [56,97]. 

The highest habitat use for Andean tiger cats was obtained in the MPNR, a nature reserve 

established in 2007 by a local NGO after the end of the armed conflict in the Northwestern 

Andes [108]. The MPNR protects a key corridor for the Tatamá-Orquídeas national park 

system and is considered a biodiversity refuge for multiple biological groups [108]. This 

protected area is currently expanding to new land, and there is a cloud forest restoration 

program that would be key for the long-term conservation of Andean tiger cats. Nearly 10 

km south of the MPNR, the CSJIMD has not suffered the same fate as the MPNR because 

its administrative policies allow the exploitation of forest resources within the reserve. The 

lack of government restrictions to prevent the transformation of the Andean cloud forest to 

land for cultivating avocado crops and cattle pastures in the highlands of the CSJIMD may 

lead to the disappearance of this important biological corridor. CSJIMD was the site with the 

second highest habitat use estimates for Andean tiger cats; therefore, it is necessary to 

prioritize the implementation of more restrictive policies to curb the deforestation that this 

protected area is currently suffering. To guarantee the long-term conservation of Andean 

tiger cat populations in this part of the Middle Cauca, it will also be necessary to determine 

whether there is enough connectivity between the CSJIMD and the MPNR. In the future, we 

hope that the general public will likely recognize the potential of the Andean tiger cat as a 

flagship species of the Andean cloud forest. 



 

Concluding remarks 

Our results showed that in our study areas, Andean tiger cat habitat use was mainly 

modulated by microhabitat structure, elevation, and codetectability with prey and tayras. 

Additionally, there was a greater probability of finding Andean tiger cats far from human 

settlements and of detecting them using mainly cameras with the shortest PIR time delays. 

There was no evidence of competitive exclusion on the habitat use of Andean tiger cats, 

likely due to the low abundance of intraguild killers/predators in this system, as predicted by 

the ocelot effect theory. Indeed, the species was more detectable when its intraguild predators 

were present. The protected areas currently studied may be considered effective barriers 

against the effects of fragmentation and forest loss on the habitat use of Andean tiger cats in 

the region. Decision makers should halt the progress of the deforestation frontiers both inside 

and around protected areas while preserving the vertical structure of the forest ground for the 

conservation of this mountain felid. 
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S1 Fig. The results of the principal component analysis performed to summarize four 

landscape metrics in a 500 m buffer to model the effects of landscape structure on the 

habitat use of the Andean tiger cat. The proportion of variance explained by each 

component (A), the weight of each covariate on each component (B), and the coordinate 

space of the first and second components (C) with a comparison between protected 

areas (D). The three protected areas in which we obtained the landscape metrics were 

the Mesenia-Paramillo Nature Reserve (MPNR), the Campoalegre Soil Conservation 

District (CSCD) and the Cuchilla del San Juan Integrated Management District 

(CSJIMD). The metrics were: Forest_cov; cloud forest amount, Forest_PCI; patch cohesion 

index, SHANNON; landscape heterogeneity and EDGE; forest edge density. Dim1 (first 

component) represents more heterogeneous sites with greater forest edge (positive values) to 

more forested sites with greater cohesion among patches (negative values). 



 

 

S2 Fig. Pairwise Pearson's correlation coefficients for the original set of covariates 

selected to explain the habitat use of the Andean tiger cat in three protected cloud 

forests of northwestern Colombia. The final set of numerical covariates used in the 

occupancy modeling of the Andean tiger cat included LS; landscape structure, AD; canopy 

height, CD; canopy cover, CH; leaf litter cover, PH; leaf litter depth, slope, DIST_POP; 

distance to human settlements and elev; elevation. For the modeling of detection probability, 

the final set of numerical covariates included CF; herbaceous cover, slope, and DAYS; 

survey effort of the camera traps. 



 

 

S3 Fig. Posterior predictive checks obtained for the occupancy models incorporating 

the effect of leaf litter depth (A), quadratic elevation (B), and distance to human 

settlements (C). The Bayesian P value was calculated by simulating 500 datasets under 

the MacKenzie-Bailey Goodness of Fit approach and comparing the proportion of 

simulated zeros against the proportion of observed zeros in the dataset for each model. 

Matching proportions (red line in the middle of the histogram) and Bayesian P values > 0.05 

indicate good model fit. 



 

 

S4 Fig. Moran's I spatial correlograms for the residuals in the occupancy component of 

the three top-ranked models used to predict the habitat use of Andean tiger cats in cloud 

forests of the Middle Cauca, Colombia. 

S1 Table. List of covariates and their effect on the habitat use and detection of the 

Andean tiger cat in cloud forests of the Middle Cauca, Colombia. Ψ; effect on habitat 

use, p; effect on detection, +; positive effect, -; negative effect, +/-; effect dependent on the 

type of factor, GIS; geographic information system. 

Scale 

Covariate 

(abbreviation) 

Measure 

unit 

Parameter Effect Source 

Site 

Canopy cover (CD) % Ψ + Freitas et al., 

(2002). 

Leaf-litter depth (PH) Cm Ψ + 

Field 

Canopy height (AD) M Ψ + 



 

Leaf-litter cover (CH)a % Ψ + 

Slope (SL) Degrees Ψ/p - 

Herbaceous cover (CF) % p - 

Camera trap effort (E) Number 

of days 

P + 

PIR time delay (PIR) Factor P - 

Landscape 

 

Distance to roads 

(ROADS)b 

km Ψ - GIS 

Distance to human 

settlements (HUM) 

km Ψ - GIS 

Legacy Human Footprint 

Index (LFHI)b 

% Ψ + Ayram et al., 

(2020) 

Forest cover Ha Ψ - González-

González et 

al., (2022) 

Edge density Ha Ψ - 

Patch Cohesion Index Ha Ψ + 

Landscape heterogeneity 

– Shannon Index 

Bits Ψ - 

Elevation M Ψ + Field 

Landscape structurec 

(LS) 

Eigenval

ues of 

the first 

Principal 

Ψ - Analysis 



 

Compon

ent 

Protected area (PA) Factor Ψ +/- Field 

 

S2 Table. Estimates of the posterior distribution of the occupancy and detection 

parameters for the Andean tiger cat, including the protected areas as random effects. 

Considering each protected area individually, the null model for CSCD yielded a 6% 

chance of detecting the Andean tiger cat if present (p = 0.06, SD = 0.02, CI = 0.02–0.11) 

and an average occupancy of 63% (Ψ = 0.63, SD = 0.16, CI = 0.32–0.95). In the CSJIMD, 

the null model showed an average detection of 15% (p = 0.15, SD = 0.02, CI = 0.11–0.19) 

and an average occupancy of 71% (Ψ = 0.71, SD = 0.11, CI = 0.47–0.92). The null model 

for MPNR showed an average detection of 18% (p = 0.18, SD = 0.01, CI = 0.14–0.22) 

and an average occupancy of 85% (Ψ = 0.85, SD = 0.08, CI = 0.65–0.96). Abbreviations: 

ELPD; expected predictive accuracy, K; number of parameters, ELPDΔ; difference in 

expected predictive accuracy between any model and the best model, SE; standard error of 

the difference in predictive accuracy. 

Model ELPD K ELPDΔ SE ELPD ELPD weight 

p(PIR)Ψ(PH) -388.967 11.825 0 0 0.291 

p(PIR)Ψ(PH|PA) -389.006 12.876 -0.038 0.884 0.002 

p(PIR)Ψ(Elevation^2) -389.842 13.068 -0.875 2.735 0.216 

p(PIR)Ψ(Elevation^2|PA) -389.98 13.901 -1.013 2.754 0.01 

p(PIR)Ψ(HUM) -391.347 11.835 -2.38 3.43 0.227 



 

p(PIR)Ψ(CD|PA) -391.748 13.583 -2.781 3.401 0.135 

p(PIR)Ψ(HUM|PA) -391.78 13.01 -2.813 3.298 0 

p(PIR)Ψ(SL|PA) -391.991 14.059 -3.024 3.455 0.002 

p(PIR)Ψ(CH|PA) -392.023 13.403 -3.056 2.626 0.02 

p(PIR)Ψ(AD|PA) -392.481 13.404 -3.514 2.849 0 

p(PIR)Ψ(CH) -392.521 12.539 -3.554 2.535 0 

p(PIR)Ψ(Elevation|PA) -392.921 14.063 -3.954 3.254 0 

p(PIR)Ψ(LS|PA) -393.057 14.151 -4.09 2.697 0 

p(PIR)Ψ(Elevation) -393.143 13.076 -4.176 3.175 0 

p(PIR)Ψ(CD) -393.523 12.952 -4.556 2.969 0 

p(PIR)Ψ(AD) -393.581 11.891 -4.614 2.566 0 

p(PIR)Ψ(SL) -393.906 12.567 -4.939 2.918 0 

p(PIR)Ψ(LS) -393.959 12.778 -4.992 2.424 0 

p(.)Ψ(.) -396.19 3.731 -7.223 6.589 0.097 

 

S3 Table. Estimates of the conditional cooccurrence models evaluating the effects of 

prey, tayras, and intraguild killers/predators on the habitat use of the Andean tiger cat 

in three protected cloud forests from the Middle Cauca, Colombia. Abbreviations: AICc; 

Akaike Information Criterion Value, df; degrees of freedom, AICΔ; difference of the AIC of 

each model with the best model, and AICw; relative support value of each model. 

Model df AICc AICΔ AICw 

Prey     



 

ΨA,ΨBA=ΨBa,pA,rA,pB,rBa,Rba 7 2157.865 0 0.15 

ΨA,ΨBA=ΨBa,pA,rA,pB,rB 6 2158.176 0.312 0.128 

ΨA,ΨBA,ΨBa, pA,rA,pB,rBa,rBA 8 2158.84 0.976 0.092 

ΨA,ΨBA(PH),ΨBa, pA,rA,pB,rBa,rBA 8 2158.84 0.976 0.092 

ΨA,ΨBA(HUM),ΨBa, pA,rA,pB,rBa,rBA 8 2158.84 0.976 0.092 

ΨA,ΨBA(Elevation2),ΨBa, pA,rA,pB,rBa,rBA 8 2158.84 0.976 0.092 

ΨA,ΨBA,ΨBa,pA,rA,pB,rB 7 2158.92 1.055 0.088 

ΨA,ΨBA,ΨBa (PH),pA,rA,pB,rB 7 2158.92 1.055 0.088 

ΨA,ΨBA,ΨBa (HUM),pA,rA,pB,rB 7 2158.92 1.055 0.088 

ΨA,ΨBA,ΨBa (Elevation2),pA,rA,pB,rB 7 2158.92 1.055 0.088 

ΨA,ΨBA,ΨBa,pA=rA,pB=rB 5 2216.597 58.732 0 

ΨA,ΨBA(PH),ΨBa,pA=rA,pB=rB 5 2216.597 58.732 0 

ΨA,ΨBA(HUM),ΨBa,pA=rA,pB=rB 5 2216.597 58.732 0 

ΨA,ΨBA(Elevation2),ΨBa,pA=rA,pB=rB 5 2216.597 58.732 0 

ΨA,ΨBA=ΨBa,pA=rA,pB=rB 4 2218.353 60.489 0 

Tayras     

ΨA,ΨBA=ΨBa,pA,rA,pB,rBa,rBA 7 1630.013 0 0.475 

ΨA,ΨBA,ΨBa,pA,rA,pB,rBa,rBA 8 1632.582 2.569 0.131 

ΨA,ΨBA,ΨBa(PH),pA,rA,pB,rBa,rBA 8 1632.582 2.569 0.131 

ΨA,ΨBA,ΨBa(HUM),pA,rA,pB,rBa,rBA 8 1632.582 2.569 0.131 

ΨA,ΨBA,ΨBa(Elevation2),pA,rA,pB,rBa,rBA 8 1632.582 2.569 0.131 

ΨA,ΨBA=ΨBa,pA,rA,pB,rB 6 1646.77 16.757 0 

ΨA,ΨBA,ΨBa,pA,rA,pB,rB 7 1649.263 19.25 0 



 

ΨA,ΨBA,ΨBa,pA=rA,pB=rB 5 1651.017 21.004 0 

ΨA,ΨBA(PH),ΨBa,pA=rA,pB=rB 5 1651.017 21.004 0 

ΨA,ΨBA(HUM),ΨBa,pA=rA,pB=rB 5 1651.017 21.004 0 

ΨA,ΨBA(Elevation2),ΨBa,pA=rA,pB=rB 5 1651.017 21.004 0 

ΨA,ΨBA=ΨBa,pA=rA,pB=rB 4 1651.409 21.395 0 

Intraguild killers     

ΨA,ΨBA=ΨBa,pA,rA,pB,rB 6 1386.497 0 1 

ΨA,ΨBA=ΨBa,pA,rA,pB,rBa,rBA 7 1388.656 2.16 0.34 

ΨA,ΨBA,ΨBa,pA,rA,pB,rB 7 1388.997 2.5 0.287 

ΨA,ΨBA,ΨBa,pA,rA,pB,rBa,rBA 8 1391.265 4.768 0.092 

ΨA,ΨBA,ΨBa(PH),pA,rA,pB,rBa,rBA 8 1391.265 4.768 0.092 

ΨA,ΨBA,ΨBa(HUM),pA,rA,pB,rBa,rBA 8 1391.265 4.768 0.092 

ΨA,ΨBA,ΨBa(Elevation^2),pA,rA,pB,rBa,rBA 8 1391.265 4.768 0.092 

ΨA,ΨBA=ΨBa,pA=rA,pB=rB 4 1404.688 18.191 0 

ΨA,ΨBA,ΨBa,pA=rA,pB=rB 5 1405.122 18.625 0 

ΨA,ΨBA(PH),ΨBa,pA=rA,pB=rB 5 1405.122 18.625 0 

ΨA,ΨBA(HUM),ΨBa,pA=rA,pB=rB 5 1405.122 18.625 0 

ΨA,ΨBA(Elevation2),ΨBa,pA=rA,pB=rB 5 1405.122 18.625 0 

 

 

S4 Table. Locations, survey length, sampling effort (number of days of activity), type of 

region, sampling area and estimations of occupancy and detection probabilities for 

other studies carried out on the tigrinus species complex throughout South America. 

S4 Table. Locations, survey length, sampling effort (number of days of activity), type of 



 

region, sampling area and estimations of probabilities of occupation and detection of 

other studies carried out on the tiger cat species complex throughout South America. 

Location Survey length Sampling 

effort 

Species Area 

(km2) 

Ѱ p Reference 

Rio Grande do 

Norte, Caatinga, 

Brazil 

May to 

September2014 

7,263 L. t. 

tigrinus 

1,052 0.46 0.21 Marinho et 

al. 2018 

Upper Paraná 

Atlantic Forest, 

Argentin 

May 2013 to 

December 2014 

9,171 L. 

guttulus 

2,683 0.53 0.07 Cruz et al. 

2018 

Michelin 

Ecological 

Reserve, Atlantic 

Forest, Brazil 

February 2013 to 

January 2014 

7,954 L. 

guttulus 

42 0.66 0.10 Dechner et 

al. 2018 

Boqueirão da 

Onça, Caatinga, 

Brazil 

January to July 

2017 

8,678 L. t. 

tigrinus 

600 0.64 0.08 Dias et al. 

2019 

Mesenia-

Paramillo Nature 

Reserve, 

Northwestern 

Andean cloud 

forest, Colombia 

March to July 

2016 – 

September to 

July 2019 

3,625 L. t. 

pardino

ides 

35 0.51 0.19 Bonilla-

Sánchez et 

al. 2020 

Serranía de los 

Paraguas, 

Northwestern 

Andean cloud 

forest, Colombia 

July 2016 to July 

2018 

23,666 L. t. 

pardino

ides 

>7 0.73 0.01 Bedoya-

Durán et 

al. 2023 

Tamandua Ranch, 

Caatinga Brazil. 

January 2010 to 

February 2014 

15,748 L. t. 

tigrinus 

30.7 0.60 0.4 Fox-

Rosales & 

de Oliveira 

2022 

Tamandua Ranch, 

Caatinga, Brazil 

August 2018 to 

June 2021 

8,566 L. t. 

tigrinus 

19.7 0.62 0.22 Fox-

Rosales & 

de Oliveira 

2023 

Mesenia-

Paramillo Nature 

Reserve, Cuchilla 

del San Juan 

Integrated 

Management 

December 2020 

to June 2022 

10,689 L. t. 

pardino

ides 

74 0.72 0.13 This study 



 

District, 

Campoalegre Soil 

Conservation 

District, 

Northwestern 

Andean cloud 

forest, Colombia 
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