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ABSTRACT 

 

The main objective of this dissertation is to use evidence-based information to fill the gaps of 

knowledge of Andean bear (Tremarctos ornatus: Ursidae) in Colombia in order to understand 

the spatial ecology, interactions with human communities and to guide effective conservation 

programs for the species in Colombia. The National Conservation and Management Plan for the 

species in Colombia is outdated and failed to generate effective conservation measures, and lack 

of research of the species in Colombia resulted in the use of extrapolated information from other 

countries.  

Andean bear is classified as Vulnerable (VU) to extinction by the International Union for the 

Conservation of Nature (IUCN) and the Colombian government.  I first reviewed all the 

available published information of the species since its first description in order to identify 

knowledge gaps and to update the published information for the species across the global 

distribution.  

With the knowledge of population dynamics, spatial ecology and interactions with human 

communities, I evaluated how landscape and anthropogenic variables affects occupancy patterns 

of the species at the Chingaza Massif and Chingaza National Park, located in the eastern range of 

Colombia and one of the main conservation cores of the species. During the fieldwork of this 

dissertation, the COVID-19 pandemic led to the mandatory lockdowns around the globe. With 

this opportunity we evaluated the effects of the “anthropause” during COVID-19 lockdowns 

performed by the Colombian government between March and August of 2020. Results showed 

that availability of natural habitats and human landscape variables affected the occupancy of the 

species at the Chingaza Massif of Colombia, and we reported for the first time the effects of 

COVID-19 pandemic in the occupancy rates of the species, showing that human activities 

affected significatively how Andean use landscapes at the Chingaza Massif.  

In an effort to understand home range of the species at the Massif and in Colombia, one GPS 

satellite telemetry collar was installed in a wild individual, being the first Andean bear collared 

inside of a protected area in Colombia. The home range of the individual showed smaller home 

ranges (95% 140 km2; 50% 13km2) that the reported home ranges in South America. 
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In order to generate tools for management and conservation of Andean bears in Colombia, 

information about bear-human interactions, perceptions towards the species and the magnitude of 

negative interactions must be measured. This study took into account socio-economic and 

biological variables that described and evaluated the magnitude of human – Andean bear 

conflicts at the Chingaza Massif. Results showed that the main trigger of negative interactions is 

the lack of surveillance of domestic animals, and that rural ranchers prefer to be involved in 

conservation programs that maintain natural areas rather than simply being compensated for the 

livestock loss due to negative interactions. Evaluation of perceptions of rural communities 

regarding the presence of wildlife, particularly large carnivores such as Andean bears, is an 

essential input when generating mitigation and prevention tools for conflict events.  

My study reports occupancy patterns of the species at the Chingaza Massif and the effects of 

how human activities affects how the species responds to human modified landscapes, in 

addition in a collaborative effort I was able to report for the first time the home range for the 

species in a protected area in Colombia. Including biological and socio-economic information 

about interaction dynamics between humans and Andean bears contributes to the generation of 

tools and methods to implement effective conservation strategies in areas where human 

communities and Andean bears overlap in adjacent areas of protected areas in Colombia.  

The information generated during this research is replicable in any regional context in order to 

provide a strong methodological framework to study Andean bears to contribute to creation of 

conservation and interactions management plans.  
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INTRODUCTION 

Andean bears (Tremarctos ornatus) are endemic to the tropical Andes and are South America’s 

only bear species (Vela-Vargas et al., 2021a). The Andean bear is listed as Vulnerable (VU) 

globally according with the International Union for Conservation of Nature´s Red List (Velez–

Liendo and Garcia-Rangel, 2017a) and nationally according with the Colombian government 

Resolution 1912 of 2017 (Ministerio de Ambiente y Desarrollo Sostenible, 2017). Despite being 

one of the most charismatic species in South America and considered as an umbrella species and 

an ecological model for protected areas management (Aconcha-Abril et al., 2021; Crespo-

Gascón and Guerrero-Casado, 2019; Garshelis, 2011; Parques Nacionales Naturales de Colombia 

and Wildlife Conservation Society, 2018), many aspects of its biology and conservation status 

are understudied or unknown (Kattan et al., 2004; Peyton, 1999; Vela-Vargas et al., 2021a). 

Lack of information presents an obstacle for long-term conservation initiatives, and particularly 

in Colombia, knowledge about the species is incipient and scarce, related mostly to distribution 

records (Cáceres-Martínez et al., 2020a; Rodríguez et al., 2019; Vela-Vargas et al., 2014), 

human – Andean bear interactions (Escobar-Lasso et al., 2020; Jorgenson and Sandoval, 2005; 

Parra-Romero et al., 2019), diet (Cáceres-Martínez et al., 2020b; Pisso-Florez et al., 2021) and 

more recently genetic structure (Ruiz-García et al., 2020a, 2020b). Therefore, prior management 

and conservation plans implemented in the country by the government have had limited effect 

(Rodríguez-Castro et al., 2015).  

Andean bears are distributed through the tropical Andes region at elevational ranges between 

250 to 4250 m (Peyton, 1999; Vela-Vargas et al., 2021a). In Colombia the species has been 

reported along the Andean Mountain ranges with a distribution that covers approximately 25% 

of the country, but that have been transformed due to the fact that 70% of the Colombian 

population inhabits this region (Armenteras et al., 2011). Andean forest and Highland Paramos 

currently occupy less than 50% of their original distribution in Colombia (Llambí et al., 2019). 

Andean bear suitable habitat has been reduced to 15% between 1970 and 2015 in Colombia 

(Cruz-Rodríguez et al., 2020).  

Habitat loss and fragmentation in mid to high elevations along the Andes range remain the 

primary threats to the species persistence. Additionally, the increased frequency of negative 
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human–Andean bear interactions has led to higher levels of mortality due to illegal hunting 

(Jorgenson and Sandoval, 2005; Kattan et al., 2004; Parra-Romero et al., 2019; Rojas-VeraPinto 

et al., 2022).  

Andean bears (Tremarctos ornatus) and human communities have long cohabited in the tropical 

Andean region of South America. As human density increases and space use by local 

communities expand, overall human and Andean bear interactions increase, and when 

interactions are negative at any level, human – Andean bear conflicts (HABC) arise and have 

also increased over time (Jorgenson, Sandoval, 2005, Goldstein et al., 2006 Andrade et al., 

2019). The increase in the frequency and severity of HABC is considered as the second main 

threat to the species survival (Goldstein et al., 2006, Ministerio Del Medio Ambiente, 2001, 

Vela-Vargas et al., 2021, Velez–Liendo, Garcia-Rangel, 2017).  

In Colombia, the peace agreement signed between the government and the Revolutionary Armed 

Forces of Colombia (FARC) guerrillas presented new opportunities for displaced communities to 

return to rural areas, generating new negative interactions between human – Andean bears in 

war-torn areas previously unoccupied by humans.   

Human economies are affected by the loss of stock or crops and people are prone to invest in 

poor conflict management strategies misguided by anecdotal knowledge (Goldstein et al., 2006b; 

Marchini, 2014; Sánchez-Mercado et al., 2008). These dynamics are the consequence of 

productive human activities such livestock and agriculture in high elevation ecosystems, 

producing changes in habitat availability for Andean bears (Armenteras et al., 2003; Kattan et 

al., 2004), resulting in increased negative interactions that often lead to retaliatory killings of 

bears (Figueroa, 2015; Gárrido Corredor et al., 2021; Sánchez-Mercado et al., 2008) 

One of the core areas for Andean bear conservation in Colombia is the Chingaza Massif, located 

within the eastern Andean range including Chingaza National Natural Park (Ch-NNP) 

(González-Maya et al., 2017; Jorgenson and Sandoval, 2005) (Figure 1). This high-altitude 

complex is not only crucial for the conservation of Andean bears, but the Massif is also the 

principal source of water for Bogotá, the largest city and economic center of Colombia, 

providing 80% of the water consumed by its metropolitan area (Parques Nacionales Naturales de 

Colombia, 2016). 
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Figure 1. Chingaza Paramo Complex and Chingaza National Natural Park location. 

Before the start of any conservation program, is a priority to know all the scientific information 

of any species in order to generate adequate management and conservation actions. Is because 

this I reviewed all the known published information of the species in South America for 

understand its ecology, behaviors and HABC interactions of Andean bear, and after this review a 

started to design and implement my research at the Chingaza Massif of Colombia.  

In the constant search of balance between conservation of a umbrella species such the Andean 

bear and the improving of wellbeing of human communities that are in constant interaction with 

the species, I collected and analyzed biological and socio-economic information about Andean 

bears movements and interactions with rural communities in an integrative way to evaluate and 

propose methods to generate sustainable and realistic conservation plans for Andean bears and to 

seek sustainable practices to perform livestock and agriculture activities at the Chingaza Massif 

of Colombia. I highlight how Andean bears perceive and move on natural and productive 

landscapes and the effects of different human alterations that affects its presence at Chingaza 

National Natural Park and its buffer area.  
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My project was performed under the COVID-19 pandemic, which included mandatory 

lockdowns in Colombia and all over the world, presenting and unique chance to evaluate how the 

Andean bear occupancy rates changed having a landscape without humans constantly moving 

along the Massif, generating the first data about COVID-19 effects on Andean bear populations 

along its global distribution.  

Understanding occupancy patterns is crucial to generate conservation actions, but in a 

collaborative effort with different organizations I was able to capture for the first time in 

Colombia an Andean bear inside of A protected area, and I reported the home range of Andean 

bear at the Chingaza National Natural Park.  

Not only understanding the occupancy patterns of the species is important for its conservation, in 

order to generate and implement successful management actions for the species, is crucial the 

evaluation of the magnitude and perception of negative interactions that the species presents with 

human communities and the triggers that exasperate these dynamics, along this region of 

Colombia, and the potential solutions that could be applied in order to improve co-existence 

between human communities and Andean bears.  

All the collected information allowed to understand and fill the gap of knowledge of Andean 

bear in Colombia and offers to stakeholders and decision makers ecological and socio-economic 

information of the species in order to generate and start conservation programs. Generation of 

hypothetic scenarios for the development of programs for management and mitigation of Human 

– Andean bear conflicts gives the opportunity of executing programs including technical support 

and traditional knowledge of rural communities. All the methods, and analyses discussed in this 

dissertation can be replicable for the development of conservation and protection programs and 

strategies for one of the most iconic species of South the Andean bear.  
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EXECUTIVE SUMMARY OF THE PRESENT STUDY 

 

This research includes four manuscripts. The first manuscript published in Mammalian species 

(Appendix 1), “Tremarctos ornatus (Carnivora:Ursidae)”, which is and systematic review of all 

the published information of the species across is global range. The review showed that despite 

its charisma as an umbrella species, information of the Andean bear in south America refers to 

distributional records mostly, evaluation of its diet and interactions with human communities, but 

research about population dynamics, connectivity corridors and priority area for conservation 

still is scarce along South America and particularly in Colombia. Research on home ranges and 

population dynamics of the species is performed more in Ecuador and Perú, while research about 

distribution modelling have been performed with more regularity in Bolivia.  

The second manuscript, intended for submission to Hystrix (Appendix 2) entitled “When humans 

are gone: Andean bear occupancy patterns and COVID-19 lockdowns effects at the Chingaza 

Massif, Colombia” evaluated occupancy patterns of the species at the Chingaza Massif of 

Colombia and the effects of COVID-19 mandatory lockdowns performed by the Colombian 

government during the pandemic. We identified the natural landscape covariables and anthropic 

variables affected occupancy patterns of Andean bears along the massif and how the effects of 

not having tourism and other activities along the massif increased the occupancy rates of the 

species.  

The third manuscript published in International Bear News, entitled “Novel insights into Andean 

bear home range in the Chingaza Massif, Colombia”, described for the first-time the home range 

of the species at the Chingaza National Natural Park. The data analyzed in this manuscript 

provided information about how one individual moved along the protected area and showed the 

challenges of capturing Andean bears in Colombia.  

The fourth manuscript, submitted for consideration in Biological Conservation, entitled 

“Perception precedes reality? Interactions and opportunities for Andean bear conservation in 

the eastern range of Colombia” characterized Human – Andean bear conflict triggers, assessed 

perceptions and evaluated the willingness to accept hypothetical conservation scenarios for 

Andean bears at the Chingaza Massif of Colombia.  
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Tremarctos ornatus (Carnivora:Ursidae) 

I. Mauricio Vela-Vargas, Jeffrey P. Jorgenson, José F. González-Maya and John L. Koprowski  

(Published in Mammalian species DOI: 10.1093/mspecies/seab008)  
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Tremarctos ornatus  (Carnivora: Ursidae) 
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Abstract: Tremarctos ornatus (F.G. Cuvier, 1825) is a tremarctine bear commonly known as the 

Andean bear. It is a medium-sized bear with black to dark red-brown pelage with dense, long, 

coarse fur; creamy white marks occur on the chin, neck, and chest, and often white to creamy 

marks occur on the face, around the muzzle, and eyes. It is distributed in the tropical Andes of 

Venezuela, Colombia, Ecuador, Perú, Bolivia, and Argentina in South America. T. ornatus is 

catalogued as “Vulnerable” (VU) by the International Union for Conservation of Nature and 

Natural Resources and is included in CITES Appendix I. Main threats include habitat loss and 

fragmentation, illegal killing, human-bear conflicts, and most likely climate change. 
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Key words: Andean bear, Andean cloud forest, Andes Cordillera, bear; Páramo, South America, 

spectacled bear 

Resumen: Tremarctos ornatus (F.G. Cuvier, 1825) es un oso tremractino, conocido 

comúnmente como oso andino. Es un oso de tamaño medio, con pelaje denso, largo y grueso, de 

color negro a rojizo-café. Tiene marcas de color blanco - crema en el cuello y pecho, en la cara, 

alrededor del hocico y los ojos. La especie se distribuye en los Andes tropicales de Venezuela, 

Colombia, Ecuador, Perú, Bolivia y el norte de Argentina en Sur América. T. ornatus está 

catalogado como “Vulnerable” (VU) por la Unión Internacional para la Conservación de la 

Naturaleza y los Recursos Naturales y está incluida en el Apéndice I de CITES. Sus principales 

amenazas incluyen la pérdida y fragmentación de hábitats, cacería ilegal, conflictos humano – 

oso andino y probablemente el cambio climático. 

Palabras clave: Bosque de niebla, Cordillera de los Andes, oso, oso andino, oso de anteojos, 

Páramo, Sur América 

 

 

Tremarctos Gervais, 1855 

Ursus: Lesson, 1827:129.  Part; not Linnaeus, 1758. 

Tremarctos Gervais, 1855:20 Type species Ursus ornatus F. Cuvier,1825,  by monotypy. 

Helarctos: Gray, 1864:698. Part; not Horsfield, 1825.  

Nearctos Gray, 1873:182. Type species Helarctos ornatus (=Ursus ornatus F. Cuvier,1825), by 

 monotypy. 
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CONTEXT AND CONTENT. Order Carnivora, suborder Caniformia, family Ursidae, subfamily 

Tremarctinae 

Tremarctos ornatus  (F. G. Cuvier, 1825) 

Spectacled Bear 

Ursus ornatus F. G. Cuvier, 1825:57.  Type locality “Cordilléres du Chili,” restricted to “las 

 montañas al Este de Trujillo, departamento de la Libertad, Perú,” by Cabrera (1957: 242) 

Ursus frugilegus Tschudi, 1844:90.  Type locality unknown; stated as Perú, probably near 

 Lima by Allen (1942:396; see “Nomenclatural Notes”).  

Ursus fructilegus Schinz, 1845:34.  Type locality “In Peru.” 

Helarctos ornatus Gray, 1864:698.  Type locality “South America, Cordilleras.” 

Ursus nasutus Sclater, 1868:72, Plate VIII.  Type locality not given (description based on a 

 purchased specimen); stated as Simitarra River, Upper Magdalena, Colombia by María 

 (1924). 

Nearctos ornatus: Gray, 1873:182. Name combination. 

Tremarctos ornatus: Gill, 1874:15. First use of current name combination. 

Tremarctos ornatus majori Thomas, 1902: 216. Type locality “Southern Ecuador, probably the

 province of Azuay.” 

Ursus ornatus thomasi Hornaday, 1911:748. Type locality “Andes of southern Colombia.” 

Tremarctos lasallei María, 1924:115. Type locality “región de Arauca,” Colombia. 

 

CONTEXT AND CONTENT. Context as for genus. Tremarctos ornatus is considered monotypic 

(Kitchener 2010). 
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NOMENCLATURAL NOTES. The monophyletic origin of Ursidae with the giant panda (Ailuropoda 

melanoleuca) as a sister clade is widely accepted (Agnarsson et al. 2010). Tremarctos ornatus 

and its related fossil forms are placed in a separate subfamily, Tremarctinae or “short-faced” 

bears, but this taxonomic classification is not universally accepted (Thenius 1976; Wilson and 

Reeder 2005; Garshelis 2009). Five specific or subspecific names have been applied to T. 

ornatus, based on claw length, facial markings, and body proportions. Allen (1942) refers to U. 

frugilegus, Tschudi 1844:90, U. ornatus thomasi Hornaday 1911:748, and T. lasallei María 

1924:115 as synonyms of T. ornatus majori. Allen believed U. frugilegus to be inseparable from 

the species described by Cuvier. In a review of the materials collected by J. Tschudi in Peru 

(1838-1942) it was concluded that Tschudi’s description of U. frugilegus was based on 

discussions with local hunters rather than an actual specimen (Serrano-Villavicencio et al. 2020). 

Tschudi made no reference to a collected specimen, only commenting that “due to the local 

climate, preserving skins of this species was a difficult task”; as of 2020 no type material had 

been located (Serrano-Villavicencio et al. 2020:916).  

 Because all geographical forms were described  by different authors based only on 

physical variations, Cabrera (1957) assigned all geographical forms as inadmissible, referring all 

variations to Tremarctos ornatus  Cuvier, 1825. T. ornatus, is treated as a monotypic species, 

although considerable phenotypic variation is present within the species (Krause et al. 2008; 

Agnarsson et al. 2010; Kitchener 2010). 

The etymological origin of the generic name came from Trema (Greek meaning hole) and 

arktos (Greek meaning bear) and refers to an unusual hole in the humerus. The specific name, 
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ornatus (Latin meaning “dress”—Gotch 1979), refers to the light-colored patches of fur 

surrounding the eyes, muzzle, chest, and throat. These characters contrast with the black-colored 

fur, which in some cases creates the appearance of eyeglasses (also called spectacles), and serves 

as the basis for one of its common English names: spectacled bear (Pérez-Torres 2001), whereas 

the other common English name is Andean bear (Velez–Liendo and García-Rangel 2017).  

In several Andean indigenous cultures, the species is known as “Jukumari,” which means 

bear (Paisley and Saunders 2010). In Quechua, the word uku means “hole,” so the word probably 

was used as the “bear with holes in the eyes” (Pérez-Torres 2001). Throughout its range, T. 

ornatus is known by other common names, such as Mashíramo, Oso Frontino, Oso Salvaje, Oso 

Real, Uí, Oso Careto, Iznachi, Manaba, Puca mate, and Ucucu (Mondolfi 1989; Goldstein 2002; 

Castellanos et al. 2016a). 

DIAGNOSIS 

Tremarctos ornatus  (Fig. 1) is a medium-sized bear (head–body length 1,190–1,740 

mm—Mondolfi 1980; Bininda-Emonds 1998) and is larger than the sun bear (Helarctos 

malayanus, head–body length 1,000–1,400 mm—Fitzgerald and Krausman 2002), but is similar 

in size to the American black bear (Ursus americanus, head–body length 1,430 – 1,570 mm—

Lariviere 2001). T. ornatus has the shortest muzzle (9–129 mm) of all bear species and the 

shortest mean (± SD) skull length of any bear species (201 ± 6.45 mm) only comparable with the 

sun bear (213 ± 13.15 mm—Christiansen 2007; Stucchi and Figueroa 2013). Claws are short on 

front and rear feet (Peyton 1980, 1999; Garshelis 2009) in comparison with the sun bear that has 

strongly curved and pointed claws (Fitzgerald and Krausman 2002). The mandible of T. ornatus 
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has a unique trait not present in other ursid species: a deep fossa called the premasseteric fossa 

(Mondolfi 1983). 

GENERAL CHARACTERS 

Tremarctos ornatus is a medium-sized bear with rounded ears, a plantigrade stance, front 

limbs longer than the hindlimbs, non-retractable curved claws, and a short tail (Mondolfi 1971; 

Nowak 1999; Peyton 1999; Garshelis 2009; García-Rangel 2012). Pelage is black to dark red-

brown with dense, long, and coarse fur (Mondolfi 1971; Garshelis 2009). Body coat color varies 

from black or blackish brown to blackish red (Mondolfi 1989; Nowak 1999; Garshelis 2009). 

Individual bears usually exhibit white, yellowish or creamy marks around the eyes that continue 

to the muzzle, cheeks, throat, neck, and chest (María 1924; Allen 1942; Garshelis 2009; García-

Rangel 2012). These marks are highly variable across the geographic range, not only in color but 

also size, and can range from prominent to completely absent (Allen 1942; Mondolfi 1971; 

Garshelis 2009; Reyes et al. 2017), and they are the most distinctive phenotypic character for T. 

ornatus. When present, facial marks are more conspicuous in young, whereas in adults the facial 

marks can become thinner with age; they do not indicate family relationships between 

individuals. (Van Horn et al. 2014a, 2015).  

As with all bears, T. ornatus is sexually dimorphic; adult females are 67% as large as 

males (Mondolfi 1989; Garshelis 2009; García-Rangel 2012). Furthermore, male skulls are 

larger than female skulls (skull length [mean ± SD] males = 236.8 ± 12.0 mm; females =  202.2 ± 

21.8 mm) and males have a well-developed lambdoid crest and a prominent sagittal crest that is 

absent or reduced in females (Fig. 2; Emslie 1995; Stucchi and Figueroa 2013). 
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Head–body length for T. ornatus varies between 1,100–2,200 mm (Bininda-Emonds 

1998; Nowak 1999; Garshelis 2009; García-Rangel 2012). Mean external measurements (mm; ± 

SD; n—Mondolfi 1971) for males from Venezuela were: total length (1,485 ± 360; 2), tail length 

(100; 1), ear length (100; 1), and mean weight (91 ± 68 kg; 2). Colombian males in the wild have 

a mean head–body length of (1,350 ± 219; 3), tail length (733 ± 20; 3), ear length (103 ± 18; 3) 

and weight (105 ± 60 kg; 3). Females have a mean head–body length (1,260 ± 28; 2), tail length 

(80 ± 14; 2), ear length (100; 1), and mean weight (37.5 ± 2 kg; 2—Rodriguez et al. 2013). 

Head-body length from one adult male from Ecuador was 1,312 mm, tail length 150 mm, and ear 

length 64 mm. Head–body length from one juvenile female in Ecuador was 270 mm and ear 

length 52 mm (Tirira 2009). T. ornatus from Bolivia weighed 34 kg (male subadult) and 30 kg 

(“undersized” adult male), but no other measurements were reported (Paisley 2001). No 

information is available for T. ornatus in Peru, except that Peyton (1980) estimated weights 

between 20 and 120 kg. 

Derived from the oldest fossil specimen and four modern T. ornatus, skull and mandible 

measurements from T. ornatus (mm; mean  SD; Stucchi et al. 2009) were: condylobasal length 

223.16  14.02, median palatal length 103.2  7.9, palatal breadth at M2 41.28  2.72, breadth 

at the labial C (upper canine) alveoli 57.62  2.31, breadth at the lingual C alveoli 34.4  2.06, 

zygomatic breadth 159.82  6.9, frontal breadth 84.74  8.45, least breadth between the orbits 

62.22  6.98, facial length 114.44  2.61, mandible length 164.54  6.66, height of the 

coronoid process 95.18  7.87, basal length of the coronoid process 48.65  6.64, height of the 

horizontal ramus at M2 35.58  1.53. 
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Tremarctos ornatus lacks a diastema, unlike the insectivorous (e.g., the sloth bear, 

Melursus ursinus) and carnivorous (e.g., the polar bear, Ursus maritimus) bears (Figueirido et al. 

2009; Stucchi and Figueroa 2013). The dental formula is i 3/3, c 1/1, p 4/4, m 2/3, total 42—

Ramsay 2003; García-Rangel 2012) and includes the shortest incisors in the Ursidae . The  

canines are bladed and an extra lateral cusp, located between the trigonid and taloned, occurs on 

m1 (Emslie 1995; Sacco and Van Valkenburgh 2004; Stucchi and Figueroa 2013). 

The humerus of T. ornatus can be recognized by the presence of a fistula situated above 

the internal epicondyle (Cabrera and Yepes 1940). Davis (1958) described the tarsal ligaments of 

T. ornatus in comparison with human tarsal ligaments, detailing that the tarsus of T. ornatus is 

more flexible but is a less stable structure than in humans. T. ornatus has an enlarged radial 

sesamoid called “false thumb,” a feature shared with the panda. The function of this thumb is 

still debated (Salesa et al. 2006).  

DISTRIBUTION 

Tremarctos ornatus is distributed in the South American tropical Andes region (Fig. 3) in 

an elevational range between 200 to 4,250 m (Peyton 1980, 1981, 1999; García-Rangel 2012). 

During the Pleistocene, the distributional range was larger (Stock 1950). Currently the 

distribution is an elongated and narrow range that is about 200–650 km wide and 4,600 km long 

(Peyton 1999; Kattan et al. 2004; García-Rangel 2012), including six countries: Venezuela, 

Colombia, Ecuador, Perú, Bolivia, and Argentina (Mondolfi 1989; Peyton 1999; Garshelis 2009; 

García-Rangel 2012; Cosse et al. 2014; Velez–Liendo and García-Rangel 2017). T. ornatus 

potentially occurs in Panama, but there are no records to support its presence (Allen 1942; 

Hershkovitz 1957; Mondolfi 1971, 1989; Goldstein et al. 2008). 
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In Venezuela, T. ornatus is widely distributed in the Andes in discontinuous forested 

mountain areas in the western portion of the country (Lara, Táchira, Mérida, Portuguesa, Zulia, 

and Trujillo States—Osgood 1911; Mondolfi 1971, 1989; Goldstein 1992; Bisbal 1993; Soriano 

et al. 1999; Sánchez-Mercado et al. 2014). 

In Colombia, T. ornatus has been reported from three biogeographic regions (Caribbean, 

Andes, and Pacific) and 20 departments (Alberico et al. 2000; Jorgenson and Sandoval-A 2005; 

Solari et al. 2013; Vela-Vargas et al. 2014; Cáceres-Martínez et al. 2016; Rodríguez et al. 2019). 

In Ecuador, T. ornatus is distributed in the Sierra, High Amazon, and Andes regions, and is 

present in both ranges of the Andes and the Condor and Cucutú sub-ranges (Suarez 1988; 

Castellanos 2011; Zapata-Ríos and Branch 2016). In Peru, T. ornatus is found in all three ranges 

of the Andes, with 973 records of presence distributed in 17 departments on an elevation range 

between 400–3,692 m (Márquez and Pacheco 2010; Falconi 2019; Falconi et al. 2020). In 

addition to Andean forest and páramos, T. ornatus  lives in dry and humid tropical areas of less 

than 1,000 m elevation (Figueroa 2012; Figueroa and Stucchi 2013; Filipczyková et al. 2016; 

Appleton et al. 2018). 

In Bolivia, T. ornatus is known from four departments: La Paz, Santa Cruz, Chuquisaca 

Cochabamba, and Tarija (Salazar and Anderson 1990; Anderson 1997; Martínez et al. 2008; 

Albarracín et al. 2013). The southern distributional extent of T. ornatus is the southern portion of  

Tarija department in Bolivia, coinciding with the northwestern border of Argentina (Vargas and 

Azurduy 2006). Derived from 18 unconfirmed sightings in northwestern Argentina, del Moral 

and Bracho (2005) suggested the presence of T. ornatus in the country. After several years of 

debate (Del Moral and Bracho 2005, 2009; Rumiz et al. 2012), Cosse et al. (2014) confirmed its 
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presence in Jujuy and Salta provinces in northern Argentina using noninvasive samples (hair and 

feces) to generate genetic identification. 

The potential presence of T. ornatus in Panama is based on a skull and traditional 

knowledge from indigenous communities (Hershkovitz 1957).  Later, field surveys at the 

Serranía de Pirre (along the border with Colombia) were unable to confirm the presence of T. 

ornatus in Panama (Goldstein et al. 2008). 

FOSSIL RECORD 

The earliest tremarctine bears are known from late Miocene fossils in North America 

(Tedford and Martin 2001). Four genera of tremarctines are currently recognized: Plionarctos 

(extinct, two species), Arctodus (extinct, two species), Arctotherium (extinct, fivespecies) and 

Tremarctos with two species, including the only extant species, T. ornatus (Soibelzon et al. 

2005, 2008; Mitchell et al. 2016). The most complete fossil specimen includes skull, mandible 

vertebrae, ribs, hind limbs, and forelimbs and the oldest record of T. ornatus, an adult male from 

Chaquil Cave, Amazonas department, Peru, dated 5,980 ± 50 radiocarbon years ago, is reported 

by Stucchi et al. (2009). Additional records are from two archeological sites in Colombia dated 

from 4,030 and 2,725 years ago, in Cundinamarca department (Urrego-Correal 1990), and one 

fossil record from Peru dated from 1,500 years ago in Cajamarca department (Florez 1975). 

These fossil records consist only of small pieces of bones (ulna, canine, metacarpus), but are the 

only specimens known. Skeletal remains from 700 BCE–250 CE were excavated at La Chimba 

site in Ecuador (Stahl and Athens 2001). 

Tremarctine is considered monophyletic by Mitchel et al. (2016), but mtDNA 

phylogenetic analyses suggest that Artodus (North America) and Arctotherium (South America) 
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lineages are not sister taxa (from a monophyletic clade), as suggested by Trajano and Ferrarezzi 

(1995). Tremarctos and Arctotherium are hypothesized to be sister taxa, diverging in the 

Pliocene. The estimated divergence estimation for Arctodus and Tremarctos is 5.66 million years 

ago (Krause et al. 2008). Plionarctos linage is ancestral to Arctodus, Arctotherium, and 

Tremarctos but is constituted as a paraphyletic stem-group (Tedford and Martin 2001).  

Based on three fossils of an ursine bear from the late Miocene in Nebraska (USA) 

described as Aurorarctos tirawa gen. et sp. nov. (two mandibles, 14 isolated teeth, and one 

partial humerus), Jiangzuo and Flynn (2020) hypothesized the monophyly of tremarctine bears, 

but the clade name Arctotheriini is used to represent the crown + stem group lineages. 

Tremarctinae is not eliminated but is just not used as a clade name because Jiangzuo and Flynn 

recognize Ursinae as the group containing not only the Ursus lineages (Ursini), but the 

tremarctines and the early ursine Aurorarctos.   

 

FORM AND FUNCTION 

Form.—The skull of Tremarctos ornatus is wide and heavy with thick boney walls and 

high bone density (Fig. 2; Christiansen 2008a; Stucchi and Figueroa 2013). These features could 

be a response to an omnivorous diet with high consumption of plants (Christiansen and Wroe 

2007; Christiansen 2008b; Jiangzuo and Flynn 2020). T. ornatus possesses blade-shaped canines 

(bite force [mean ± SD] at the canine tip = 607.52 + 143.77 N) with enlarged molars, 

characteristic traits of omnivorous species (Sacco and Van Valkenburgh 2004; Christiansen and 

Wroe 2007). The zygomaticomandibularis of T. ornatus is relatively larger than in other bear 

species showing a moderate bite force in comparison with specialized bears, such as the giant 
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panda (Ailuropoda melanoleuca—Davis 1955; Súarez 1985; Peyton 1999; Christiansen and 

Wroe 2007; García-Rangel 2012). In contrast, the superficial masseter is smaller than in other 

carnivores and differs from flesh-eating species in having a shorter, concave-shaped mandible 

that allows grinding and cutting movements (Davis 1955; Figueirido et al. 2009). These bone, 

teeth, and muscle characteristics are correlated with a predominantly herbivorous diet (Davis 

1955; Christiansen and Wroe 2007; Figueirido et al. 2009; García-Rangel 2012). The tongue is 

wide (35 mm). The lips are large and flexible, as in all Ursidae (Davis 1955; García-Rangel 

2012). Brain weight from a captive individual was 240 g (Hirata 1987). 

In locomotion, T. ornatus uses only five ligaments in the talocrural articulation and a 

well-developed, inter-articular meniscus (14 mm long by 3 mm wide), which implies lateral 

thrust of the astragalus against the fibula in strong inversion, such as during climbing (Davis 

1958). The radial sesamoid is medio-laterally flattened, whereas the distal tip is scarcely 

developed, like a blunt protuberance (Salesa et al. 2006). 

Length of the baculum is 10.47 mm, height at the level of the basal end is 6.1 mm, height 

at the level of the distal end is 3.8 mm, and maximum width is 7.9 mm; these measurements 

were derived from one sub-adult male killed in Venezuela (Mondolfi 1983). The baculum is 

nearly straight, gradually tapered from base to tip, and ends in a slightly enlarged blunt tip 

(Mondolfi 1983). 

The adaptive value of the large white marks on the muzzle, upper chest and neck, and the 

large white circles around the eyes is unknown; however, these regions might modulate 

intraspecific aggression and dominance (Caro 2009). All bears have epipharyngeal pouches. 

Based on the examination from one individual of T. ornatus (Forstenpointner and Weissengruber 
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2000), these are a  single pouch and two smaller sacs that are outfoldings of the lateral 

pharyngeal wall. It is thought that these could play a role in the production of vocalizations via 

the movement of the neck and enable management of the air column (Forstenpointner and 

Weissengruber 2000; Weissengruber et al. 2001). 

Ovaries in Tremarctos ornatus are located on the sublumbar region anterior of the 

kidneys (Enciso and Vásquez 2007). The mean length of the right ovary is 18.5 ± 2 mm (n = 2), 

11.5 ± 2 mm width (n = 2), and 9 ± 1 mm thickness (n = 2). The mean length of the left is 19 mm 

(n = 2), width is 10.5 ± 2 mm (n = 2), and thickness is 8.5 ± 0.7 mm (n = 2— Lengwinat et al. 

2000; Enciso and Vásquez 2007). Macroscopically, the placenta (Placenta discoidalis) is disk-

shaped  with a length of 120 mm, width of 95 mm, thickness of 5 mm, and mass of 55.4 g 

(Michel et al. 1983).  

Scrotum length and height are 465 and 629.5 mm, respectively. Testes are oval oblique to 

the dorsocaudal major axis (right testis 386 by 241.5 mm, left testis 476 by 241.5 mm—Sanchez-

Arbouin and Nassar-Montoya 1997). Sperm measurements (mean  SD) were: head length 5.34 

 0.15 µm, head width 3.72  0.05 µm, area of head 16.84  0.55 µm2, head perimeter 16.07  

0.32 µm, acrosome 67.70  3.38 %, area if intermedium piece 2.06  0.22 µm2, and 

intermedium piece width 0.95  0.09 µm (Enciso et al. 2006). Sperm motility in males was 

recorded between 50–70%, with 10–15 % abnormalities (Sanchez-Arbouin and Nassar-Montoya 

1997; Enciso et al. 2006). 

Function.—The polar bear and Tremarctos ornatus have the lowest means for 

corpuscular volume (MCV) of red blood cells and the highest blood albumin level of all bears 

(Seal et al. 1970). Based on a sample of 62 bears of all species, T. ornatus possesses the smallest 
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MCV with an average of 55 fl (n = 40—Seal et al. 1967; Castellanos et al. 2010). Blood cell size 

could be a response to seasonal changes and food availability for T. ornatus and the polar bear 

(Seal et al. 1967; Castellanos et al. 2010).  

Male individuals (n = 23) had higher mean serum protein levels (155.6 g/L) than did 

females (n = 23, 132.8 g/L—Castellanos et al. 2010). Hematological values (mean  SD) for 

combined sexes of captive, reintroduced, and wild animals were: cholesterol 7.98  1.97 

mmol/L (n = 33), total protein 77.30  15.30 g/L (n = 27), triglycerides 7.33 1.64 mmol/L (n 

= 34), blood urea nitrogen 4.77 1.51 mmol/L (n = 29), glutamic oxalic transaminase 30.23 

20.68 U/L (n = 38), glutamic pyruvic transaminase 21.43  19.41 U/L (n = 39), alkaline 

phosphatase 97.57 58.21 U/L (n = 31), calcium 1.87  0.28 mmol/L (n = 32), phosphorus 1.68 

 0.70 mmol/L (n= 35 ), glucose 3.56  1.46 mmol/L (n = 18), urea 9.85  4.48 mmol/L 

(n=38), hematocrit 0.43  .0.05 L/L (n = 45), hemoglobin 144.45  20.89 g/L (n = 46), 

leukocytes 9.11  2.98 x109/L (n = 44), erythrocytes 7.87  1.52 x1012/L (n = 37), segmented 

leukocytes 6.47  0.94 x109/L (n = 45), lymphocytes 2.20  0.77 x109/L (n = 44), monocytes 

0.13  0.13 x109/L (n = 46), eosinophiles 0.16  0.22 x109/L (n = 43), basophiles 0.01  0.05 

x109/L (n = 43), band cells 0.027  0.11 x109/L (n = 40), mean cellular hemoglobin 

concentration 334.17 ± 43.10 g/L (n = 36), mean cellular hemoglobin 18.33  3.03 pg (n = 38— 

Nassar-Montoya et al. 1997; Castellanos et al. 2010).  

 

ONTOGENY AND REPRODUCTION 

Length at birth is 225–280 mm and weight is 300–500 g (Saporiti 1949; Roth 1964; 

Dathe 1967; Castellanos et al. 2016a). Neonates are black and toothless at birth, with closed 
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eyes.  Eyes open completely by day 31 (Saporiti 1949). The only record of growth rate for young 

Tremarctos ornatus was presented by Saporiti (1949) as 50 mm/day. 

Most of the information available for reproduction of T. ornatus has been obtained from 

captive individuals (Saporiti 1949; Roth 1964; Gensch 1965; Bloxam 1977; Michel et al. 1983; 

Kuhme 1991; Lengwinat et al. 2001; García-Rangel 2012). T. ornatus is a polyestrous species 

with facultative seasonal reproduction (Saporiti 1949; Mondolfi 1971; Spady et al. 2007; Enciso 

2013) and is capable of embryonic diapause (Lengwinat et al. 2001; Knauf et al. 2003; Enciso 

2013). After diapause, gestation length is short and difficult to calculate (Michel et al. 1983; 

Rosenthal 1987; Spady et al. 2007; García-Rangel 2012). 

Captive females present 3–4 phases of ovarian activity per year (Enciso 2013). Wild 

females have an interval of 9 months between estrous cycles with a maximum of three cycles in 

24 months (Spady et al. 2007). Duration of estrus is estimated at 5 days (Spady et al. 2007) but 

can vary depending on the latitude and associated photoperiod cycle of the facility (Knauf et al. 

2003). Captive females from Brazil and Colombia had estrous cycles that lasted 3–10 days 

(Sanchez-Arbouin and Nassar-Montoya 1997; Enciso 2013). 

Gestation varies from 120–254 days (Saporiti 1949; Gensch 1965; Bloxam 1977; Kuhme 

1991; Castellanos 2015). Castellanos (2015) reported the shortest gestation period of 120–125 

days, similar to the period reported for the sun bear (Frederick et al. 2012). Litter size varies 

from 1 to 3 young. Sexual maturity in females is attained at 4–7 years of age (Saporiti 1949; 

Dathe 1967; Bloxam 1977; Rosenthal 1987). 

Tremarctos ornatus displays seasonal reproductive activity in wild individuals that 

corresponds to resource availability, but in captive individuals is associated with photoperiod 
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(Appleton et al. 2018).  Births are concentrated in autumn in tropical latitudinal zones (< 23.5° N 

or S), whereas in mid-temperate latitudinal zones (35–55° N or S) most births occur during the 

winter (Peyton 1980; Rosenthal 1987; Spady et al. 2007; García-Rangel 2012; Appleton et al. 

2018). 

ECOLOGY 

Population characteristics. —The few attempts at population estimates for Tremarctos 

ornatus have been derived from species such as the American black bear or from genetic 

analyses; some local approaches have been performed. The first approximation for population 

estimation was made by Peyton et al. (1998), resulting in a total wild population of 18,000–

65,000 individuals across the entire range. Later, based on genetic analyses Ruiz-Garcia (2003) 

estimated a global population size of 19,000–24,000 individuals. The majority of density 

estimations published before 2011 and mentioned in this account are discussed in detail by 

Garshelis (2011). Field-based density estimates for T. ornatus are preliminary and characterize 

sites from across its geographical range. In Venezuela, extrapolating from American black bear 

density data, Yerena and Torres (1994) estimated 0.04 individuals/km2, values that Cáceres-

Martínes et al. (2018) validated with field data in northern Colombia. Density was estimated at 

0.03 individuals/km2 in the eastern range (Cordillera Oriental) of the Andes in Colombia (Reyes 

et al. 2018; Rodriguez et al. 2019; Rodríguez et al. 2020). Viteri (2007) calculated densities 

between 0.03–0.07 individuals/km2 and Molina et al. (2017) determined a similar value of 0.074 

individuals/km2, whereas an estimate of 0.039 individuals/km2 was obtained by Morrell (2018) 

in northern Ecuador. Density calculations in Bolivia suggested slightly lower densities of 0.04–

0.06 bears/km2 (Ríos-Uzeda et al. 2007).  
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The greatest distance recorded for daily movements by an individual is 15 km in Bolivia 

(Rechberger et al. 2001). Daily movements between 800–2,435 m in elevation are common in 

Bolivia (Paisley 2001). 

No records of longevity exist in wild individuals, but in captivity, T. ornatus can live as 

long as 40 years (Castellanos et al. 2016a). Sexual maturity in captivity is attained at 3–7 years 

(mean age for females = 4 years, mean age for males = 5 years—Rodríguez-Clark and Sánchez-

Mercado 2006; García-Rangel 2012; Arias-Bernal and Yarto-Jaramillo 2019). Annual survival 

rates for neonates in captive populations are low (59–64%—Rodríguez-Clark and Sánchez-

Mercado 2006).  Fertility declines after 15 years of age and decreases rapidly after 25 years of 

age (Rosenthal 1987; Rodríguez-Clark and Sánchez-Mercado 2006). 

Space use.—Tremarctos ornatus uses several habitat types, from scrub desert to 

subalpine páramos at elevations from 200 m to 4,170 m (Peyton 1980, 1981). T. ornatus shows a 

preference for higher elevation forest types such as montane humid forest, elfin, and Andean 

cloud forests (Mondolfi 1989; Cuesta et al. 2003; Ríos-Uzeda et al. 2006; Vela-Vargas et al. 

2014; Filipczyková et al. 2016), high altitude grasslands (Goldstein 2002), páramos (Yerena and 

Torres 1994; Cuesta et al. 2003), pajonales, Polylepis forest (Azurduy and Velez–Liendo 2001) 

and oak forests (Otálora-Ardila 2003). Use of lower elevation habitats is rare, but Figueroa 

(2012) recorded seasonal use of tropical Amazon forest in Peru and tropical dry coastal forests 

(Appleton et al. 2018; Kleiner et al. 2018), with elevation ranges between 140–1,300 m. 

Home ranges of two males in Bolivia were 6.6 km2 and 7.4 km2 (Paisley 2001). In 

Ecuador, home range estimates for a reintroduced male were larger than the average of two 

females (male = 61 km2, female = 4.1 km2—Castellanos 2003; Castellanos et al. 2005). Home 
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range nearest-neighbor convex hull (K-NNCH) estimates for wild males (n = 3; 59 + 4.33 km2) 

were on average 3 times larger than for females (n = 5; 15 + 5.35 km2—Castellanos 2011). 

Diet.—Feeding strategies of Tremarctos ornatus vary based on four habitat 

characteristics: fruiting events, resource availability, geographical movements, and local 

migration (Figueroa 2013a; Gonzales et al. 2016; Cáceres-Martínez et al. 2020). Although its 

main diet is based on plant consumption, with 314 plant species identified (Chung 2006; García-

Rangel 2012; Figueroa 2013a; 2013b), T. ornatus is considered to be an opportunistic omnivore 

(Figueroa 2013b; Gonzales et al. 2016), with high preference for consumption of plant 

meristematic tissues and fruits (Peyton 1980; Garcia and Betancur 2002; Goldstein 2004; Troya 

et al. 2004). Bromeliads (Bromeliaceae), palms (Araceae), bamboo (Poaceae), and fruits from 

Ericaceae and Lauraceae are the principal food items identified in the diet (García-Rangel 2012; 

Figueroa 2013a; Cáceres-Martínez et al. 2020). In dry areas of northern Perú, T. ornatus 

frequently consumes cacti, including: Browningia microsperma, Melocactus peruvianus, 

Echinopsis pachanoi, Neoralmondia arequipensis gigantea, Opuntia ficus-indica, Echinocactus, 

and Mammillaria (Figueroa and Stucchi 2008). T. ornatus is considered an agent to disperse 

seeds of species such as Nectandra cf. cuneatocordata, Symplocos cf. cernuay, and Gaultheria 

vaccinioides (Rivadeneira-Canedo 2008), and other species of Lauraceae (Peyton 1987) and 

Styrax ovatus (Styracaceae—Young 1990). T. ornatus consumes domestic crops such as corn 

(Zea mays), sugar cane (Saccharum officinarum), and plantain (Musa paradisiaca), generating 

conflicts with human communities (Peyton 1980; Peyton et al. 1998; Jorgenson and Sandoval-A 

2005; Figueroa 2015a; Albarracín and Aliaga-Rossel 2018; Escobar-Lasso et al. 2020). In 

northern Colombia, T. ornatus showed a greater niche breadth during the dry season (July–
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August and December–February) than in the wet season (March–June and September–

November) and low overlap in the diet as evaluated using the Pianka Index (O = 0.12—Cáceres-

Martínez et al. 2020) 

Different species of mammals were identified in scat samples from T. ornatus, with small 

rodents (Akodon, Microryzomys, and Cavia cf. tschudii) being most abundant (Gonzales et al. 

2016). Other mammals registered in scats are medium-sized rodents, such as the Central 

American agouti (Dasyprocta punctata), nine-banded armadillo (Dasypus novemcinctus), coatis 

(Nasua nasua and Nasuella olivacea), and vicuñas (Vicugna vicugna—Cáceres-Martínez et al. 

2020; Hernani-Lineros et al. 2020). Attacks on mountain tapirs (Tapirus pinchaque) have been 

reported in Colombia (Rodriguez et al. 2014) and scavenging on white-tailed deer (Odocoileus 

virginianus) reported in Peru (Van Horn et al. 2014). T. ornatus is considered to be a facultative 

carnivore that preys upon and scavenges both live animals and dead domestic animals, such as 

donkeys, cows, and sheep (Goldstein 2002; Goldstein et al. 2006; Figueroa 2013b; Parra-Romero 

et al. 2019). Fragments of plastic have also been recorded in scats at Tamá National Park, 

Colombia (Cáceres-Martínez et al. 2015). 

Diseases and parasites.— In captive conditions, Tremarctos ornatus tends to develop 

alopecia syndrome, leading to partial or complete loss of hair due to unknown causes (Nassar-

Montoya et al. 1997; Owen et al. 2009; Nicolau et al. 2018; Arias-Bernal and Yarto-Jaramillo 

2019). The syndrome mostly seems to affect females in captive social housing conditions and 

has not been reported in wild individuals (Barbon 2013; Van Horn et al. 2019). Multiple types of 

neoplasia have been reported, including transitional cell carcinoma (Chandrasekar et al. 2016) 



     

40 

 

and thymoma (Cooper 1999), and other types of carcinomas (Nassar-Montoya et al. 1997; Arias-

Bernal and Yarto-Jaramillo 2019). 

Nematodes such as Baylisascaris transfuga, Baylisascaris venezuelensis, Strongyloides, 

Ancylostoma, and Ascaris have been detected in both captive (Schaul 2006; Luzuriaga 2014) and 

wild individuals (Figueroa 2015b; Guerrero and Castellanos 2016; Pérez Mata et al. 2016). 

Castellanos et al. (2005) reported the potential death of one reintroduced T. ornatus in Ecuador 

due to tick fever caused by the hemoparasite Babesia. Distemper virus (Morbillivirus) resulted in 

the death in Europe of one captive T. ornatus cub (Schönbauer et al. 1984).  Recorded protozoa 

parasites in wild and captive individuals include Blastocystis, Cryptosporidium, Giardia, 

Coccidia, and Entamoeba (Luzuriaga 2014; Figueroa 2015b). Only one record of ticks has been 

reported in T. ornatus (Trichodectes ferrissi—Cardozo-de-Almeida et al. 2003). 

Interspecific interactions.—Interactions with both vertebrates and invertebrates have 

been reported. Tremarctos ornatus and mountain tapirs are frequently recorded in sympatric 

conditions in high-altitude ecosystems, such as Andean forest and páramo (Castellanos 2014), 

but one record of an attack by a T. ornatus on a mountain tapir exists (Rodriguez et al. 2014). 

When feral dogs (Canis familiaris) are present in areas where T. ornatus is present, occupancy 

rates of T. ornatus decrease and its diurnal activity patterns change too (Zapata-Ríos and Branch 

2016, 2018). Dung beetles (Uroxys brachialis, Uroxys deppressifrons, and Uroxys nebulinus: 

Scarabaeidae) fed on the dung of T. ornatus in the forest at La Planada Natural Reserve, southern 

Colombia (Escobar 2003).  

HUSBANDRY 
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Tremarctos ornatus has been exhibited in captivity since 1903 when the first individual 

was displayed at Amsterdam Zoo (Cooper 1999). The captive population worldwide for 2017 

was 255 individuals (129 males, 114 females, and 12 individuals with no reported sex) housed in 

163 institutions (Anonymous 2017; Hall 2017). 

Traditional chemical restraint protocols include ketamine (3–8 mg/kg body weight) and 

xylazine (2 mg/kg) and Yohimbine (Reversine S.A., Australia, New South Wales) as the reversal 

agent (0.1–0.25 mg/kg—Castellanos et al. 2016a). Protocols used at Bioparque Wakatá, 

Colombia, include ketamine (5.6–7.3 mg/kg), dexmedetomidine (0.02–0.035 mg/kg), and 

midazolam KDM (0.27–1.01 mg/kg) with the reversal agent atipamazole (0.2 mg/kg), flumazenil 

(0.01 mg/kg) via intravenous, n = 5; tiletamine-zolazepam (6–6.5 mg/kg), ketamine  (2–6.2 

mg/kg) with reversal agent flumazenil (0.01 mg/kg) via intravenous, n = 6; ketamine (4 mg/kg), 

medetomidine (0.04 mg/kg), and midazolam (0.1 mg/kg) with reversal agent atipamezole (0.24 

mg/kg), flumazenil (0.01 mg/kg), n = 2 (Paisley 2001; Bourne et al. 2010; Arias-Bernal and 

Yarto-Jaramillo 2019). 

Captive feeding protocols vary (Rosenthal 1987). At La Planada Natural Reserve 

(Colombia), captive individuals were fed with a corn soup base (milk, raw sugar honey, 

vegetables, calcium, eggs, meat, and liver emulsion). At Cologne Zoo (Germany), fruits and 

vegetables were offered, including carrots, apples, pears, and grapes. Based on wild diets, a solid 

diet called “chapo” was formulated for rehabilitation purposes (Castellanos et al. 2016a). For a 

60 kg bear, daily quantities were: 3 kg of mixed fruits (banana, papaya, and seasonal staples), 

guava (500 g), oat (340 g), wheatgerm (260 g), and mineralized salt (30 g). As the animal 
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rehabilitates, the formula is adjusted over time with increasing amounts of wild food items 

(Castellanos et al. 2016a) 

In a feeding trial, two captive animals consumed 1.6% of their body weight in dry matter 

daily, with an average digestibility of 60.5%. Apparent digestion coefficients for neutral 

detergent fiber, crude protein, soluble sugars, and crude fat were 12.8%, 70%, 80.3%, and 64%, 

respectively. Gastrointestinal transit was measured at 8–24 hours, leading researchers to 

hypothesize that wild T. ornatus consumed high-fiber foods, whereas captive bears tended to 

select low-fiber ingredients in their diets (Goldman et al. 2001). 

Cage requirements for captive T. ornatus are listed in Bloxam (1977), with an outdoor 

space of 267 m2, a swimming pool 32.5 m2 in diameter and a depth of 1.5 m. Sleeping dens 

should be on average 3.2 m in lenght by 2.65 m in width by 2.4 m in height (Bloxam 1977; Peel 

et al. 1979). Requirements for rehabilitation enclosures were reviewed extensively in Castellanos 

et al. (2016a). 

BEHAVIOR 

Grouping behavior.—Tremarctos ornatus is generally solitary, but forms temporary 

pairs during mating periods (Mondolfi 1971; Peyton 1999; Castellanos et al. 2005; García-

Rangel 2012; Appleton et al. 2018). When food resources are concentrated, T. ornatus 

sometimes forms rudimentary social groups to exploit crops or crop waste (Figueroa 2015a), or 

to scavenge livestock (Paisley 2001; Parra-Romero et al. 2019).  

Reproductive behavior.— Descriptions of mating behaviors are scarce and focus mostly 

on captive individuals. Normal behavior includes nonaggressive fights and multiple copulations 

(2–8 copulations) over intervals of 8–60 min (Bloxam 1977).  
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During pregnancy, females construct and use dens. The den is about 2 m long and 1 m 

wide with a sheltered depression in the middle that is 1.5 m long, 800 mm wide, and 500 mm 

deep (Castellanos 2010). The area surrounding the den is clean with no feces or strong odors 

present in order to avoid attracting potential predators. The den is used for about 9–12 weeks 

after the birth (Mondolfi 1971; Castellanos et al. 2016a). Dens may be used throughout the year 

as the young mature (Castellanos 2010). While nursing, females may leave maternal dens for up 

to 48 hours to seek food. The length of time away from the young may be due to anthropogenic 

effects of habitat loss, with greater times away in areas with greater habitat loss. Adult females 

may even abandon young for extended periods of time due to lack of resources (Castellanos et al. 

2019). 

Communication.—Males apply chemical scent-marks to a variety of tree species for self-

advertisement and potentially to mark territories (although this is an untested hypothesis), 

whereas females do not scent-mark perhaps due to risk of cannibalism by males (Filipczyková et 

al. 2016). In dry areas of Peru, Tremarctos ornatus concentrates tree rubbing areas close to 

waterholes (Kleiner et al. 2018). 

Sound spectrograms show that vocalizations are composed of tonal and atonal elements 

with ranges from 0.01–7 kHz. Two reintroduced T. ornatus, produced six types of sounds that 

were characterized as follows: guttural sounds when individuals were curious (kurrrrr, tuutucttt), 

screams when the animals fought for food, small chuffs when animals attacked other individuals, 

and whining sounds (eggmmmmm) when the animals were found in the forest canopy. A male 

produced a particular sound when masturbating (MMrnnMMrnn).  This unique sound could be 

heard at least 30 m away (Castellanos 2003; Castellanos et al. 2005). Captive cubs produced a 
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particular vocalization called humming, which had a main frequency < 2 kHz and was produced 

on average over 3.6 seconds, associated with comfort or contentment (Peters et al. 2007). 

Communication between mother and young was recorded by Elowson (1988) in captive 

conditions. Trill calls from the mother (n = 23) were recorded with a peak frequency of (n; mean 

± SD) 418 ± 39 Hz and growls (n = 2; 175 ± 35 Hz). Cub sounds were characterized into five 

types including trills (n = 33; 375 ± 104 Hz), yelp (n = 15; 817 ± 331 Hz), whimper (n = 39; 347 

± 181 Hz), squeals (long and short) with frequency peaks of 2,000 ± 1,471 and 1,493 ± 718 Hz, 

and screams (long and broad (n = 15), short and broad (n  = 20), long narrow (n = 9)) with 

frequencies of 1,312 ± 648 Hz, 1,279 ± 726 Hz, and 328 ± 86 Hz, respectively. 

Miscellaneous behavior.— Tremarctos ornatus is mostly diurnal with activity peaks 

between 600 to 1000 h (Paisley and Garshelis 2006; Parra-Romero et al. 2019). In Ecuador, 

activity patterns changed from a bimodal distribution of activity in absence of feral dogs to more 

diurnal activity concentrated between 1200 h to 1400 h if feral dog packs were present (Zapata-

Ríos and Branch 2016). 

Cannibalism is rare, but two cases have been reported in Ecuador. In one instance, a wild 

T. ornatus was shot by a hunter and later consumed by other bears (Castellanos 2006). Another 

incident occurred at Cayambe Coca National Park (Ecuador), where a reintroduced T. ornatus 

female was found dead with signs of predation attributed to a large male bear (Castellanos et al. 

2016b). 

Tree nests consist of a platform and an oval depression at the top of the nest; different 

tree species, such as Benchesia, Ficus, Cedrela, Clusia, and Podocarpus are used.  Nest locations 
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have been associated with consumption of fruit, resting, and areas close to livestock (Peyton 

1980; Goldstein 1991, 2002; Peyton et al. 1998). 

GENETICS 

Cytogenetics.—Although all the Ursine bears have 74 chromosomes and Ailuropodinae 

has 42, the karyotype of Tremarctos ornatus is completely different (Nash and O’Brien 1987; 

Garshelis 2009). T. ornatus has a diploid number (2n) of 52 largely bi-armed chromosomes, with 

16 pairs of metacentric autosomes and 9 pairs of acrocentric autosomes (Newnham and 

Davidson 1966, 1967; Nash and O’Brien 1987). The X chromosome is relatively large and 

metacentric, and the Y chromosome is smaller and acrocentric (Newnham and Davidson 1967). 

Tremarctos ornatus diverged from an ancestor with the ursine karyotype (2n = 74) about 

10.91 million years ago  (9.93-11.89 million years ago) and differs from that of the presumed 

ancestor by two fusions, two fissions, 11 centric fusion,s and one inversion (Nash and O’Brien 

1987; Tian et al. 2004; Wienberg 2004; Yu et al. 2007; Garshelis 2009). 

Molecular genetics.— Mitochondrial genome length was 16,766 base pairs in 

Tremarctos ornatus (Yu et al. 2007).  Fecal sampling using the PCR amelogemin gene with 

primers SE47-SE48  had a 100% success rate in determining the sex of the individuals (Caselli 

and Maturrano 2016). 

Genetic diversity parameters of microsatellite data showed that T. ornatus had a moderate 

mean number of alleles per microsatellite locus and moderate expected heterozygosity (He 0.382 

±- 0.298—Ruiz-Garcia 2003; Ruiz-Garcia et al. 2003; Ruiz Garcia et al. 2005; Viteri 2007; 

Zhang et al. 2007). Haplotype diversity calculations for the Ecuador population were 0.5–0.705 

(Viteri and Waits 2009; Cueva et al. 2018) and overall for South America were calculated as 
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0.980 ± 0.016 (Arias-Vásquez 2017). Recent studies revealed that T ornatus is divided into two 

evolutionary significant units (ESUs) with an overall haplotype diversity of 0.914 ± 0.013 and 

nucleotide diversity (π) of 0.0191± 0.0126, average microsatellite H was 0.55, lower than in 

other bear species (Ruiz-García et al. 2020a). 

For the 551 individuals in captivity, expected heterozygosity was calculated as He = 0.97, 

with an inbreeding coefficient of 0.20 (Rodríguez-Clark and Sánchez-Mercado 2006). These 

values are the result of a pedigree analysis, considering only live, reproductive individuals and 

their direct ancestors, these results are based on software analyses and not derived from any 

genetic sampling approximation.     

Population genetics.—Population genetics for Tremarctos ornatus is poorly known. 

Populations do not appear to be in Hardy-Weinberg equilibrium and a high level of 

homozygosity and genetic isolation exists among populations (Ruiz-Garcia 2003; Ruiz Garcia et 

al. 2005).  

Genetic structure of T. ornatus  in Ecuador showed high haplotypic diversity (Hd = 0.845 

± 0.033) whereas microsatellite diversity was moderate (H = 0.584 ± 0.188), demonstrating that 

genetic structure of the species in Ecuador is homogeneous and has not been affected by the 

presence of the Andes range, suggesting that T. ornatus in Ecuador should be considered as an 

unique management unit (Ruiz-García et al. 2020c). The same study was performed in Colombia 

(Ruiz-García et al. 2020b) and showed a similar haplotypic diversity in a sample of 108 wild 

individuals (Hd = 0.895 ± 0.018) with higher microsatellite diversity than in Ecuador (H = 0.645 

± 0.211).  
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Arias-Vasquez (2017) identified three well-differentiated phylogeographic groups: 1) 

southern Colombia, 2) northern Andes (Venezuela, Colombia, Ecuador, and northern Peru), and 

3) southern Andes (southern Peru and Bolivia). Based on a sample of 294 wild individuals, two 

evolutionary significant units were identified: a Northern Andean Clade (Venezuela, Colombia, 

Ecuador, and middle-northern Peru) and the Southern Andean Clade (southern Peru and northern 

and middle area of the Bolivian Andes—Ruiz-García et al. 2020a). Ruiz-García et al. (2003) 

estimated the effective population size as Ne = 19,681 individuals across the range of the species. 

 

CONSERVATION 

Tremarctos ornatus  is assessed as “Vulnerable” (VU) by the International Union for 

Conservation of Nature and Natural Resources Red List of Threatened Species (Velez–Liendo 

and García-Rangel 2017), maintaining the same category since 1982. Furthermore, T. ornatus 

has been included in CITES Appendix I since 1975. The population trend is estimated to be 

decreasing, with about 2,500-10,000 individuals across its geographic distribution (Velez-Liendo 

and García-Rangel 2017). All countries have implemented hunting bans; however, enforcement 

often is poor (García-Rangel 2012; Figueroa 2014). Nevertheless, conservation action plans have 

been proposed for Venezuela, Colombia, and Ecuador, a national assessment has been prepared 

for Bolivia, and education and conservation programs have been conducted in Bolivia, Peru, 

Colombia, and Venezuela (Ministerio Del Medio Ambiente 2001; Rodriguez et al. 2003; Yerena 

2014; SERFOR 2016; Velez–Liendo and García-Rangel 2017; Parques Nacionales Naturales de 

Colombia and Wildlife Conservation Society 2018; Ministerio del Ambiente y Agua del Ecuador 



     

48 

 

2020). Most programs, however, encounter implementation challenges due to a shortage of 

funding. 

The most significant threats for T. ornatus across its range include habitat loss and 

fragmentation, illegal killing, and conflicts with humans, whether real or perceived (Kattan et al. 

2004; Sánchez-Mercado et al. 2008; Jampel 2016; Zukowski and Ormsby 2016; Velez–Liendo 

and García-Rangel 2017; Bazantes-Chamorro et al. 2018; Parra-Romero et al. 2019). 

Nonetheless, climate change also is a critical threat for T. ornatus, especially through the impact 

on the upper elevation ecosystems that it uses (Velez–Liendo and García-Rangel 2017). Current 

estimates of habitat loss have identified Venezuela as the country with the greatest projected 

loss, followed by Peru, Colombia, and Ecuador (Kattan et al. 2004; Sánchez-Mercado et al. 

2014; Velez–Liendo and García-Rangel 2017; Bazantes-Chamorro et al. 2018; Guerrero-Casado 

and Zambrano 2020). Habitat loss is mainly due to inappropriate agricultural practices, 

expansion of the agricultural and cattle frontier, ineffective land and agrarian reforms and 

violence control, expansion of illegal crops, and mining and oil exploitation. Roads and other 

human infrastructure also fragment the habitat (Armenteras et al. 2003, 2011; Dávalos et al. 

2011; García-Rangel 2012; Velez–Liendo et al. 2014; Chadid et al. 2015; Velez–Liendo and 

García-Rangel 2017; Zapata-Ríos and Branch 2018). Illegal killing by livestock owners is mostly 

due to retaliation following depredation, but T. ornatus also is harvested for illegal commercial 

trade and for use in traditional medicine. In Perú illegal trade of bear fat and body parts was 

recorded in 27 rural markets in 14 regions of the country with a range of prices between U.S.$ 

0.90 (20 ml of fat), U.S.$ 14.5 (180 ml of blood) and U.S.$ 43 (skin—Figueroa 2014). No 

estimates exist for the number of individuals killed, but substantial numbers may be taken 
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(Figueroa 2014; Sánchez-Mercado et al. 2014; Velez–Liendo and García-Rangel 2017; Andrade 

et al. 2019). 

Overall, conservation of T. ornatus represents a significant challenge for all the countries 

across its geographic distribution.  Not only are the threats continuing to increase along its 

geographic range, the intrinsic vulnerability of the specific habitats in which T. ornatus thrives 

represents a major challenge to preserve (Crespo-Gascón and Guerrero-Casado 2019; Guerrero-

Casado and Zambrano 2020). 
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Figure 2. Adult male Tremarctos ornatus in the Chingaza National Protected Area, Colombia, 

July 2016. Used with permission of the photographer, Luis Guillermo Linares-Romero. 
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Figure 3. Dorsal, ventral, and lateral views of the skull and lateral view of the mandible of an 

adult female Tremarctos ornatus from Nariño, Colombia (FNMH [Field Museum of Natural 

History] 88488. Photo used with permission of the Field Museum of Natural History, Chicago, 

Illinois. Condylobasal length is 193 mm. 
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Figure 4. Distribution of Tremarctos ornatus based on Velez–Liendo and García-Rangel (2017). 
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Abstract  

The Chingaza Massif of Colombia is one of the most important cores areas for Andean bear 

(Tremarctos ornatus) conservation. This high-altitude complex includes the Chingaza National 

Natural Park that is not only crucial for Andean bear conservation, but the massif is also the 

principal source of water for Bogotá, the largest city and economic center of Colombia. The 

Andean bear is the only bear species distributed in South America. Despite being one of the most 

charismatic species in South America, many aspects of its biology and conservation status are 

understudied or unknown. Andean bears persist in heterogeneous landscapes moving between 

protected areas and associated buffer areas, but there is no available information on how this 

fragmented landscape of multiple uses affect the movements of the species. We conducted a 

camera-trapping study across the escarpment to assess the occupancy patterns of Andean bear at 

the Chingaza Massif. The study was performed during the COVID-19 lockdown established by 

the Colombian government, presenting a unique opportunity to assess occupancy in the absence 

of human activities at the Chingaza protected area and the massif. We use a Bayesian single-

species occupancy framework to estimate occupancy as a function of landscape and 

anthropogenic factors. Our results showed that occupancy patterns were negatively affected by 

NDVI and positively affected by distance to towns. Detectability was affected negatively by the 

distance to human infrastructure. COVID-19 post-lockdown affected positively the occupancy 

increasing the areas that Andean bear used inside and outside of the Chingaza National Natural 

Park, potentially due to the decrease of human activities such as tourism, car movements 

decrease and absence of people in areas where the species is distributed. We discuss the 

application of random effects models to study occupancy patterns of elusive species across large 
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spatial scales. Our predictions provide the first comprehensive overview of Andean bear 

occupancy patterns in Colombia and share information with stakeholders and decision makers to 

focus conservation efforts for the species. 

Introduction  

The Andean bear (Tremarctos ornatus) is a species endemic to the tropical Andes region and is 

South America’s only bear species (Vela-Vargas et al., 2021b). The Andean bear is listed as 

Vulnerable (VU) globally according to the International Union for Conservation of Nature 

(IUCN) Red List of Threatened Species (Velez–Liendo and Garcia-Rangel, 2017) and in 

Colombia (Resolution 1912 of 2017). Despite being one of the most charismatic species in South 

America and considered an umbrella species, many aspects of its biology and population status 

are understudied or unknown (Crespo-Gascón and Guerrero-Casado, 2019; Garshelis, 2011). 

Lack of information presents obstacles for long-term management and conservation initiatives, 

and in Colombia, knowledge about the species is particularly scarce and is mostly comprised of 

distribution records (Rodríguez et al., 2019; Vela-Vargas et al., 2014), diet (Cáceres-Martínez et 

al., 2020b), and human-Andean bear interactions (Escobar-Lasso et al., 2020; Jorgenson and 

Sandoval, 2005; Parra-Romero et al., 2019). Not until recently has there been studies of genetic 

structure (Ruiz-García et al., 2020a, 2020b). For Andean bears, different countries have 

implemented monitoring programs to assess occupancy patterns and population dynamics, but in 

Colombia these programs are uncommon and have not been applied systematically (Acevedo et 

al., 2019; Rodríguez-Castro et al., 2015).  

In Colombia, the Andean bear is distributed among highland ecosystems such Paramos and 

Cloud Andean Forest in the Andes Mountain Range (i.e., Andean region; Peyton, 1999; Vela-
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Vargas et al., 2021b) that cover approximately 25% of the country. Yet, these ecosystems are 

considered among the most transformed due to human development (and house 70% of 

Colombia population) and productive activities such as cattle grazing and agriculture 

(Armenteras et al., 2011). For instance, natural Andean Forests and highland Paramos currently 

occupy less than 50% of their original distribution in Colombia (Llambí et al., 2019). Habitat 

loss and fragmentation in mid to high elevations in Colombia’s Andean region remain the 

primary threat to Andean bear persistence; available habitats have reduced by 15% between 

1970–2015 (Cruz-Rodríguez et al., 2020). Additionally, the increased frequency of negative 

human–Andean bear interactions has led to higher levels of mortality due to retaliatory illegal 

hunting (Jorgenson and Sandoval, 2005; Kattan et al., 2004; Parra-Romero et al., 2019).  

The Colombian national plan for Andean bear conservation has prioritized in situ strategies for 

maintaining Andean bear population cores along the country and highlighted the need for 

generating information about population dynamics and ecological drivers of space use 

(Ministerio Del Medio Ambiente, 2001). However, studies on population dynamics of Andean 

bear populations, space use, and home range are scattered and have not been widespread nor 

replicated (Rodríguez et al., 2020, 2021; Vela-Vargas et al., 2021a). Most of the available 

information for the species in Colombia has been obtained through specific regional programs 

and independent research efforts and not from institutional systematic programs aimed at 

advancing the National plan (Hohbein et al., 2021; Rodríguez-Castro et al., 2015). In absence of 

such critical information, spatial dynamics data from other countries are often extrapolated as 

proxies (Castellanos, 2011; Molina et al., 2017; Osterman et al., 2021; Paisley, 2001), leaving 

the spatial ecology of the species in the fragmented landscapes of Colombia largely open to 
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speculation. Currently, Andean bears persist in heterogeneous landscapes moving between 

national protected areas boundaries and associated buffer areas, but there is no available 

information on how this fragmented, multiple use landscape affects bear movements (Garshelis, 

2011; Sánchez-Mercado et al., 2008).  

One of the identified core areas for Andean bears conservation in Colombia is the Chingaza 

Massif (Ch-M), located within the eastern Andean range and includes Chingaza National Natural 

Park (Ch-NNP) (González-Maya et al., 2017; Jorgenson and Sandoval, 2005). This high-altitude 

complex is not only crucial for the conservation of Andean bear, but the massif is also the 

principal source of water for Bogotá, Colombia’s capital and largest city and economic center, 

and provides 80% of its water (Parques Nacionales Naturales de Colombia, 2016). 

In this study, we assessed how natural landscape and anthropogenic variables influence 

occupancy patterns of Andean bears at the Ch-M in the eastern range of Colombia. We also 

assessed the potential effect of COVID-19 lockdowns on occupancy patterns. We predicted that 

higher occupancy inside the protected area than outside of it, with low occupancy areas driven by 

the anthropogenic factors such as roads and infrastructures, and positive occupancy response 

linked to COVID-19 lockdowns due to the lack of human disturbances.  

Materials and methods  

Study Area  

The Chingaza Massif is located at the eastern Andes range of Colombia between Cundinamarca 

and Meta departments (states), with an area of 239.700 ha and 500 to 4.100 m elevation range 

(Vargas Rios and Pedraza 2004; González-Maya et al. 2017). At the core of the Massif is 

Chingaza National Natural Park (4° 20´, - 73° 50´N and -73° 30´, -73°55´W), with an area of 
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76.000 ha that maintains Andean Forest and Paramo ecosystems (Parra-Romero et al., 2019; 

Figure 1). A monomodal seasonal precipitation pattern occurs between May and August with 

rainfall averages between 1.200–4.500 mm/year, and average temperature between 6–7° Celsius 

(Morales Rivas et al., 2007). For subsistence and cash income, rural communities along the 

massif are engaged in traditional high altitude agricultural, cattle ranching practices, and 

recently, ecotourism (Garavito González et al., 2018; Pedraza et al., 2020).  

Figure 5.  

Data collection  

Due to heterogeneity of home ranges sizes among Andean bears (4.1–66.6 km2; Castellanos et al. 

2005; Paisley and Garshelis 2006; Castellanos 2011, Vela-Vargas et al. 2021b), we followed 

Márquez et al., (2017) to apply a regular grid of 2 km2 positioned inside and outside of the CH-

NNP. Each grid cell represented approximately 1/3 of the mean home range size of females and 

the overlap of bear home range. We installed 81 camera traps (Bushnell® Trophy Cam 

Aggressor No-Glow) between September 2019 and October 2020 in Andean Forests and Páramo 

grasslands ecosystems in the Ch-M and preferred by Andean bears (Ríos-Uzeda et al. 2006). 

Camera traps were installed on trees at 60 cm above ground level. When trees were not available 

(e.g., paramos), we installed cameras on secured poles hidden from bears in areas deemed 

favorable to Andean bears and as close as possible to the grid center (Rovero and Zimmerrmann, 

2016). We spaced cameras between 900 – 2000 meters to ensure independency, this range 

encompasses the difficult accessibility in the study area. Cameras operated nonstop and were 

programmed to take three successive photographs and 10-sec videos, with a 1-min delay between 



     

87 

 

subsequent triggers. No lures or baits were used as the aim was to capture natural behavior of the 

species.  

Model Covariates 

We aimed at evaluating the influence of multiple natural and anthropogenic covariates on 

detection and occupancy probabilities. We used a 30-m resolution digital elevation model 

extracted from Landsat 8-9 satellite (Kaita et al., 2022) and derived landscape variables such as 

slope, altitude, aspect and normalized difference vegetation index (NDVI). Anthropogenic 

variables included Euclidian distance (m) to roads, towns, and human infrastructures inside of 

Ch-NNP. All variables were based on previous studies for the species (Hernani-Lineros et al., 

2020; Rojas-VeraPinto et al., 2022; Zapata-Ríos and Branch, 2018). 

For detection, we used camera effort, defined as the total number of days that camera traps 

effectively worked during the survey (Rovero and Zimmerrmann, 2016), distances to human 

structures in the Ch-NNP, and slope and aspect.  

For occupancy, we again derived variables related to natural landscape features and human 

influence. These variables include the following: NDVI, distance to rivers, elevation, aspect, and 

slope, distances to roads, towns, and infrastructure inside the Ch-NNP.  

We scaled covariates to have a mean of 0 and SD of 1 to allow direct comparison of models, a 

Spearman rank correlation analysis was performed among the co-variables to avoid 

autocorrelation, variables with high correlation (|r| <0.75) were omitted from analyses.  

Data Analysis  

To model species occupancy, we used single-species, single-season occupancy models 

(Mackenzie et al., 2018) implemented in a Bayesian framework using the ubms R package 
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(Kellner et al., 2022). We selected that modeling framework due to the slow reproductive cycles 

of Andean bears (9-month interval between estrous cycles; Vela-Vargas et al., 2021b), thus 

assuming a closed population during our sampling period. We fitted two occupancy models for 

Andean bears: 1) a fixed model that included landscape and human influence covariates as fixed 

effects, and 2) a random effect model which included the study site as a random effect to 

evaluate the effects of COVID-19 lockdowns during fieldwork (Bates et al., 2015; Kellner et al., 

2022; Yackulic et al., 2020). Detection histories were collapsed into multiple day sampling 

occasions to maximize detection estimates and improve likelihood convergence (Welsh et al., 

2013); we considered 7-d as a sampling period. To evaluate the effect of COVID-19 lockdowns 

during the sampling season, we included the effect of sites during the first 26 sampling occasions 

(pre-COVID-19 lockdowns) and the remaining sampling occasions after COVID lockdowns. 

For modelling purposes, we used four Markov chains of 100.000 iterations each and a burn-in 

period of 50.000 (Céspedes Arias et al., 2022; Nguyen et al., 2022). Model convergence was 

evaluated by R-hat statistics (≤ 1.1) and by visual examination of the trace lops (Céspedes Arias 

et al., 2022; Gonçalves et al., 2022; Kellner et al., 2022; Nguyen et al., 2022). Significance of 

the covariate effects was determined by the generation of 95% of intervals of the posterior 

distribution, if the coefficient of the 95% Bayesian credible interval did not overlap zero, was 

considered strong.  

Occupancy models were compared using the leave-one-out cross-validation (LOO) method 

(Vehtari et al., 2016). Based on LOO cross-validation, we used ubms to calculate the expected 

predictive accuracy (elpd; Kellner et al., 2022). To evaluate model support relative the top 

model, pairwise differences were calculated for elpd (Δelpd) and its standard error (SE Δelpd). 
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We considered a model to show less support than the top model if the difference in elpd was 

greater than the standard error of that difference (Doll and Jacquemin, 2019).  

Results  

We obtained data from 66 of 81 camera trap stations, with a total sampling effort of 20.312 

camera-trap days. Fifteen camera trap stations failed to provide data for various reasons (failure 

of the equipment, robbery). We obtained a total of 249 independent detections of Andean bear at 

the Ch-M. 

We generated 36 fixed effects models of varying covariate combinations to evaluate Andean 

bear occupancy (Table 1). Covariates used were not correlated (r <0.5). Fitted models 

outperformed the null model suggesting that covariables used in our research are adequate for 

evaluating Andean bear occupancy patterns.  

Table 1. 

The top model showed that Andean bears presented high occupancy levels (ψ=0.87 ± 0.060) 

along the Ch-M but low detectability (p=0.10 ± 0.007; Table 2). This model showed that NDVI 

values had a negative effect and increased distance to towns had a moderate positive effect on 

Andean bear occupancy (Figure 2). Detectability was explained by the decrease of distance to 

human infrastructure showing a moderate negative effect on detection of Andean bear at the Ch-

M.  

Table 2 

Figure 7 
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The effect of COVID-19 lockdowns in Andean bear occupancy was positive, showing an 

increase in Andean bear occupancy during the lockdowns performed by the Colombian 

government during the pandemic (Table 3). 

Table 3.  

Andean bear predicted occupancy was similar between fixed and random models (ψ=0.87 and 

ψ=0.71), respectively. Differences in the predicted occupancy per pixel between the two models 

varied from 0.151 to -0.005 showing that predictions from the random effects model had higher 

accuracy in areas with medium and low occupancy (Figure 3).  

Figure 7 

Discussion  

Evaluating presence or habitat use for elusive species such as the Andean bear can be 

challenging due to the complexity and accessibility of habitats used (Garshelis, 2011). 

Implementing occupancy modelling approaches provides reliable estimates to evaluate 

population status and inform management and conservation strategies (Castrillón-Hoyos et al., 

2023). Fixed and random effects models were congruent with other studies about occupancy of 

Andean bear, but our random effects model showed higher sensitivity in identifying medium and 

low occupancy areas; similar results have occurred with other elusive species (Nguyen et al., 

2022). Using random effects models increase the complexity and add additional model 

parameters to the analysis (Nguyen et al., 2022). The decision of when and how researchers 

should apply this approach depends on the target species, data quality and quantity, and 

hypothesis of research.  
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We discuss below the implication of our findings on Andean bear management and conservation 

at the CH-M. To our knowledge, we are the first to evaluate COVID-19 pandemic effects on 

Andean bear populations in South America and apply structured occupancy patterns of the 

species in Colombia.  

Andean bear occupancy patterns 

Due to its ecological characteristics, T. ornatus have been designated as of excellent 

conservation value by Colombian authorities (Ministerio Del Medio Ambiente, 2001; Parques 

Nacionales Naturales de Colombia and Wildlife Conservation Society, 2018). To sustain long-

term viable and healthy populations, monitoring programs must identify threats and areas where 

authorities should implement conservation actions (Hohbein and Nibbelink, 2021). Our results 

showed that occupancy patterns of Andean bear inside Chingaza National Park are high, given 

the status of a national protected area, but adjacent areas of Ch_NNP occupancy decreased given 

the presence of human activities such as cattle ranching and agriculture. This corroborates what 

has been reported among different regions of Colombia (Escobar-Lasso et al., 2020; Gárrido 

Corredor et al., 2021; Zárate Rodriguez et al., 2022). The results are consistent with our 

hypothesis about the negative effect of human activities in areas that overlap with Andean bear 

range.  

We identified landscape features that explained occupancy patterns across the Chingaza Massif 

of Colombia, and in doing so addressed a priority to understand the species habitat requirements 

across its distribution. The negative relationship of NDVI and occupancy is explained by the 

availability of highland ecosystems along the Ch-M such as paramos and shrublands. Andean 

bears are known to prefer highland ecosystems along its range (García-Rangel, 2012; Garshelis, 
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2022; Vela-Vargas et al., 2021b) but given its dietary requirements and seasonal behaviors, the 

species uses multiple ecosystems (Cáceres-Martínez et al., 2020a; Peyton, 1980; Ríos-Uzeda et 

al., 2006). An apparent preference for less dense overstory canopies (i.e., lower NDVI values) 

could also be explained by high densities of Miconia spp trees, Greigia spp., Puya spp., 

Espeletia spp., and other preferred dietary items that normally are present in the Paramo and 

subparamo ecosystems present at the Ch-M. Highland ecosystems also usually maintain better 

natural cover that are less accessible by human communities (Elsen et al., 2020). 

As we hypothesized, proximity to human settlements negatively affected occupancy rates of 

Andean bears. Areas adjacent to Ch-NNP maintain high agriculture and livestock rates, 

diminishing availability and quality of natural habitat for the species and suggest that Andean 

bears avoid areas with higher disturbance of people and livestock activities (Aurich-Rodriguez et 

al., 2022; Gárrido Corredor et al., 2021; Parra-Romero et al., 2019). In addition, being closer to 

human settlements have been a main predictor of human-Andean bear conflicts (Aurich-

Rodriguez et al., 2022; Rojas-VeraPinto et al., 2022).  

A surprising find was that detectability of the species is related to the proximity to human 

infrastructure. This could lead to bears moving outside of natural areas closer to human 

settlements. Bears being killed due to negative interactions have been reported in the Ch-M 

(Gárrido Corredor et al., 2021; Parra-Romero et al., 2019) and send alarms to authorities to 

generate actions to practice sustainable tourism practices for Andean bears.  

COVID-19 lockdown effects on occupancy of Andean bears  

To stop or slow COVID-19 transmission rates, Colombian government declared a total lockdown 

from March 25 to August 31 of 2020. With the decrease of human traffic or “anthropause” 
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(Blount et al., 2021; Rutz et al., 2020), we present the first report of how Andean bear occupancy 

patterns were affected by the COVID-19 pandemic. Our results showed a positive effect after 

lockdown in Colombia, suggesting that occupancy increased during lockdowns in Colombia.  

Decreases in human activities during the COVID-19 pandemic have affected bear behaviors and 

space use globally. For example, black bear (Ursus americanus) exhibited increased detection 

rates due to the decrease of motorized vehicle activities in adjacent locations of protected areas 

in Canada (Procko et al., 2022), and brown bears (Ursus arctos) expanded into rarely used 

spaces when humans were present in Italy (Corradini et al., 2021). In Colombia, records of 

Andean bears close to human settlements in areas where the species was normally absent were 

made and transmitted in the popular news.  

We found that COVID-19 post-lockdowns at the Chingaza massif is positively related with the 

occupancy of Andean bears (σ =1.48). This positive relationship could be explained by the 

decrease of visitors to the protected area and its surroundings, diminishing disturbance activities 

of tourism and thus promoting movements in landscapes that bears did not normally use.  

Conservation implications 

Our work presented the occupancy dynamics of T. ornatus at the eastern range of Colombia. 

Specifically, we show the importance of how protected areas should connect conservation work 

in adjacent areas outside of its boundaries. This provides useful information to inform 

management actions for the species inside and outside of protected areas in Colombia.  

Our results can be used to prioritize areas outside of protected areas to work in conservation 

activities and manage pressures to highland Andean ecosystems, improving productive activities 

around protected areas reconciling production and conservation. Management of cattle 
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production is priority to avoid the introduction of infectious diseases into the population of 

Andean bear at the Ch-M and diminishing negative human – Andean bear interactions (Aurich-

Rodriguez et al., 2022; Rojas-VeraPinto et al., 2022, Quintero et al. 2023) 

The anthropause showed that human activities can lead to ecological disasters, but also generated 

a question about how to face the challenge of conserve wildlife while promoting responsible 

recreation activities. How the pandemic affected biodiversity globally? Is to early to answer this 

main question and will be a main subject of research for several years, but our research showed a 

small portion of this answer. Globally in protected areas, COVID-19 pandemic forced to closures 

and reduced the stress on sensitive biological groups. These effects were temporary, but forced to 

managers, researchers, and the society in general to take new actions in conservation sciences. 

With our results we provide the first report of how Andean bears occupancy patterns were 

affected by the COVID-19 pandemic in Colombia and South America and offer a base line to 

evaluate the real effect of human activities on a flagship species like Andean bears.  
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List of Tables 

 

Table 1. Model selection for occupancy of Andean bear (Tremarctos ornatus) at the Chingaza 

Massif, Colombia. The top 5 models were ranked with the expected predictive accuracy 

predictor (elpd). Δelpd represents the differences in elpd. ΔSE is the standard error of Δelpd and 

weight of each variable influencing the parameter of the models. Andean bear Occupancy (ψ) 

and detectability (p) parameters are indicated. 

Variable abbreviations include DI: Euclidean Distance to human infrastructures, NDVI: 

Normalized Difference Vegetation Index, DT: Euclidean Distance to Towns, DRi: Euclidean 

distance to rivers, Dro: Euclidean distance to Roads. 

Model elpd Δelpd ΔSE Weight ψ ± SD p ± SD 

p(DI)ψ(NDVI+DT) -832.15 0.00 0.00 0.34 0.87±0.06 0.10±0.0 

p(DI)ψ(DT+NDVI+DRi) -833.01 0.85 0.42 0.00 -- -- 

p(DI)ψ(DT+NDVI+DRo) -833.08 0.92 1.07 0.20 -- -- 

p(DI)ψ(NDVI) -833.39 1.12 2.72 0.083 -- -- 

p(DI)ψ(DT+NDVI+DRo+DRi) -834.115 1.95 1.17 0.000 -- -- 
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Table 2. Fixed effects model for Andean bear (Tremarctos ornatus) occupancy in the Chingaza 

Massif. DI: Euclidean Distance to human infrastructures, NDVI: Normalized Difference 

Vegetation Index, DT: Euclidean Distance to Towns. 

Parameter Covariable Coefficient SE CI Lower CI Upper 

ψ 0.87 ± 0.06 

Intercept 1.91 0.53 1.02 3.10 

DT 0.86 0.42 0.09 1.76 

NDVI -1.02 0.44 -1.96 -0.24 

p 0.10 ± 0.007 

Intercept -2.23 0.07 -2.37 -2.09 

DI -0.27 0.07 -0.41 -0.12 
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Table 3. Random effects model for occupancy of Andean bear (Tremarctos ornatus) at the 

Chingaza Massif, Colombia. Variables used were DI: Euclidean Distance to human 

infrastructures (m), NDVI: Normalized Difference Vegetation Index, DT: Euclidean Distance to 

Towns. 

Parameter Covariable Coefficient SE CI Lower CI Upper 

ψ 0.87 ± 0.06 

Intercept 1.09 0.43 0.39 2.11 

DT 0.74 0.39 0.04 1.61 

NDVI -1.83 0.41 -1.77 -0.13 

σ (1 |Site) 1.48 0.79 0.22 3.24 

p 0.10 ± 0.007 

Intercept -1.94 0.07 -2.10 -1.79 

DI -0.22 0.07 -0.38 -0.07 
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Figure 5. Location of the study area for assessing Andean bear (Tremarctos ornatus) occupancy 

in the context of Chingaza National Natural Park, Colombia. 
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Figure 6. Response curves of Andean bear (Tremarctos ornatus) occupancy relative to covariate 

values. Bold lines represent posterior means and ribbons represent 95% Bayesian credible 

intervals. DT: Euclidean Distance to Towns (m). NDVI: Normalized Difference Vegetation 

Index range -1 to 1. 



     

110 

 

 

 

Figure 7. Predicted occupancy probability for Andean bear (Tremarctos ornatus) at the 

Chingaza Massif, Colombia. A. Fixed effect model, B. Random effect model, C. Disparity shows 

difference between predicted occupancy of Andean bear from fixed and random effects models, 

red areas are similar predictions and green areas shows greater disparity between predictions. 
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Studies about spatial ecology and telemetry of Andean bears (Tremarctos ornatus) are 

scarce due to limiting factors such funding, navigating adverse habitats, and the species’ elusive 

behaviors (Castellanos, 2011; Garshelis, 2011). Knowledge about Andean bear home range have 

been extrapolated from studies performed in Ecuador and Bolivia (Paisley & Garshelis, 2006; 

Castellanos, 2011), but several authors caution against extrapolating information across systems 

not in equilibrium or those with heterogeneity (Elith & Leathwick, 2009). Andean bear home 

range sizes in other countries of occurrence are unknown. In Colombia, there have been 

exercises with VHF and GPS telemetry collars but home ranges have been not published and 

reports only focus on performance of devices (Rodríguez et al., 2016).  

Intensive human development adjacent to protected areas influence the movement of 

individuals across large landscapes and may displace home range sizes (Castellanos 2011). 

Chingaza massif and its protected area has been a stronghold for Andean bear conservation in the 

east range of Colombia since 2010; monitoring programs in the country have identified more 

than 30 individuals (Parra-Romero et al., 2017). The protected area covers 78,294 ha with 

elevations that vary from 800 to 4,020 meters (Parques Nacionales Naturales de Colombia, 

2016).  

In 2018, an Iznachi trap (Castellanos, Jackson, & Arias L, 2016) was installed inside of 

the protected area and supervised for approximately 6 months. The trap was kept “open” to 

habituate individuals entering the trap baited with fruits, peanut butter, and different scents 

(Castellanos, Jackson, & Arias L, 2016). In June 2019, we captured one adult male (105 kg) and 

immobilized it using a mixture of Ketamine 4 mg/kg, Medetomidine 0.04 mg/kg and Midazolam 

0.1 mg/kg with reversal agent Atipamezole 0.24 mg/kg (Arias-Bernal & Yarto-Jaramillo, 2019). 

We weighed, measured, and released the bear after it was fitted with a GPS collar (Telonics© 

TGW – 4577 GPS/Iridium). The collar operated from June 2019 to February 2020 when the 

activation of the dropoff system occurred and generated a total of 3,280 GPS fixes during that 

time.  

We used the Minimum Convex Polygon (MCP) method to estimate the bear’s home 

range at 189 km2 for the 95% home range level and 67 km2 for the 50% core area. We also used 
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Local Convex Hull (LoCoH) method, the 95% home range was 140 km2 and the 50% core area 

was 13 km2 (Figure 1, Figure 2). We used adehabitatHR package (Calenge, 2006) to perform our 

calculations in R software (R Core Team, 2013) 

We found LoCoH to be more reliable at capturing the heterogeneity of Chingaza 

protected area’s landscape. MCP techniques can overestimate home ranges and include areas 

individuals avoid or are restricted from, whereas the LoCoH method identifies such spaces and 

captures physical boundaries of the landscape (Getz & Wilmers, 2004; Chirima & Owen-Smith, 

2017).  

Our home range estimates were smaller than for previous reports for Andean bear home 

ranges using 100% MCP and the total home range for nearest-neighbor convex hull (Castellanos, 

2011).Castellanos (2011) found the 100% MCP home range of 3 males to be 125.8 km2, whereas 

our results showed a large 95% MCP home range with a greater number of GPS fixes (412 

locations for males). Using the LoCoH method, Castellanos (2011) reported total home range as 

59.08 km2 – less than half the area we found. 

The 50% core areas was only 35.4% of the 95% home range suggesting the use of a 

relatively small areas with larger ranges representing opportunities for interindividual overlap. as 

suggested by Castellanos (2011). More individuals and telemetry data are needed to adequately 

test this hypothesis, and we encourage future researchers to examine Andean bear home range 

overlap in Colombia. Parra et al. (2019) reported different adult individuals scavenging a dead 

carcass in the Chingaza protected area without expressing antagonistic behaviors between them, 

lending some support of range overlap among individuals.  

This was the first successful capture of an Andean bear in a protected area in Colombia. 

Here, we report the first known estimate of Andean bear home range in Colombia as well as the 

region. The results presented here serve to highlight the potential for future study with more 

individuals fitted with GPS collars. Future investigations of Andean bear spatial ecology can 

advance the knowledge of this charismatic species, inform best management actions, and serve 

to educate local communities that coexist with Andean bears.  
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Figure 8. Home range of an individual of Andean bear (Tremarctos ornatus) captured at the 

Chingaza National Park, Colombia (Local Convex Hull method).  
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Figure 9. Home range of an individual of Andean bear (Tremarctos ornatus) captured at the 

Chingaza National Park, Colombia (MCP method).  
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Highlights  

• Magnitude of Human Andean Bear Conflicts is lower than perception of the 

conflicts in the Chingaza Massif, Colombia.  

• Rural communities at Chingaza Massif prefer conservation programs rather than 

compensation of injured animals.  

• Surveillance activities are priority in order to avoid Human Andean Bear 

Conflicts at the Chingaza Massif, Colombia.   

• Including rural community’s livestock concepts and practices could diminish 

human Andean bear negative interactions conflicts.  

Abstract  

Habitat loss due to human agriproduction practices are one of the main threats for Andean bear 

in South America. Establishment of livestock systems contributes to the generation of negative 

interactions between bears and human communities. These conflicts directly affect economic 

incomes of ranchers and generate negative perceptions towards the species, which can lead to 

retaliatory killings as has occurred in the past in Colombia. Objectives of our study were to 

characterize conflict triggers, assess perceptions, and evaluate the willingness to accept 

hypothetical conservation scenarios of Andean bears at the Chingaza Massif (Ch-M), east range 

of Colombia. Voluntary interviews were conducted with 145 adult ranchers in four 

mailto:jkoprows@uwyo.edu
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municipalities of the Ch-M. Positive response rate was 84% and the main reason for declining 

the interview was negative experience with past conservation projects. Main triggers of conflicts 

with Andean bears were surveillance monitoring activities. In proportion, 76% of those 

interviewed expressed a negative perception towards Andean bears influenced by past conflicts, 

duration of ownership of the farm and perceived abundance of bears. Ranchers preferred 

development of conservation projects that do not include payment for loss of cattle, showing a 

higher willingness to accept conservation projects that include their local knowledge in livestock 

practices. Evaluation of perceptions of rural communities regarding the presence of wildlife, 

particularly large carnivores such as Andean bears, is an essential input when generating 

mitigation and prevention tools for conflict events.  

Keywords  

Tremarctos ornatus, negative interactions, Human-wildlife conflicts, protected areas, interviews, 

co-existence.   

1. Introduction  

Conflicts that involve human communities and wildlife, particularly carnivores, is an increasing 

concern for conservationists and wildlife managers (Messmer, 2009; van Eeden et al., 2018b). 

Such conflicts are the result or defined by a varied set of interactions that involve ecological and 

socio-economic factors, including continuous increase of human population, the overlap between 

humans and wildlife habitats, economic and non-economic losses and, even livelihoods of 

human communities around the world (Marchini, 2014; Redpath et al., 2015; Borah et al., 2018; 

Cusack et al., 2021; Fall & Jackson, 2002; Ripple et al., 2014). Human – Wildlife conflicts 

(HWC) concept was recently described as: controversies that emerged because the presence or 
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behavior of wildlife represents real or perceived threat to human interests, leading to discussions 

and disagreements between groups of humans (in favor or against wildlife) and negative impacts 

on people and/or wildlife (IUCN, 2020; Zimmermann et al., 2020). Thus, HWC conflicts occur 

across the world and under multiple conditions, contexts, and underlying processes, with 

multiple degrees of severity depending on the very nature of the interaction. 

Andean bears (Tremarctos ornatus) and human communities have long cohabited the tropical 

Andean region in South America. As human density increases and space use by local 

communities expand, overall human and Andean bear interactions increase, and when 

interactions are negative at any level, Human – Andean Bear Conflicts (HABC) arise and have 

also increased over time (Jorgenson, Sandoval, 2005, Goldstein et al., 2006 Andrade et al., 

2019). The increase in the frequency and severity of HABC is considered as a main threat to the 

species survival (Goldstein et al., 2006, Ministerio Del Medio Ambiente, 2001, Vela-Vargas et 

al., 2021, Velez–Liendo, Garcia-Rangel, 2017).  

Human economies are affected by HABC through the loss of livestock or crops, and people are 

prone to invest in poor conflict management strategies misguided by anecdotal knowledge 

(Goldstein et al., 2006; Sánchez-Mercado et al., 2008; Marchini, 2014). These dynamics are the 

consequence of human activities such as livestock and agriculture in high elevation paramo 

grasslands and cloud forests that produce changes on soil use and habitat availability for Andean 

bears (Kattan et al., 2004; Armenteras et al., 2003), resulting in increased HABC that often lead 

to retaliatory bear killings (Figueroa, 2015; Gárrido Corredor et al., 2021). Colombian authorities 

have recorded at least 8 bears killed by human communities in retaliation between 2016-2020, 

likely an underestimation of actual bear killings. These dynamics generate a one-way scenario 
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where successful resolution or mitigation of HABC is now a mandatory aspect of Andean bear 

conservation efforts in Colombia (Rodríguez-Páez et al., 2016; González-Maya et al., 2017).  

The Chingaza Massif is located on the east Andean range of Colombia and is one of the regions 

where HABC have been studied more extensively. Negative interactions are reported constantly, 

and retaliatory killings have been recorded with legal consequences for people involved (Parra-

Romero et al., 2019; Gárrido Corredor et al., 2021; Parra-Romero et al., 2017). 

Mitigation and conflict management plans require information such as magnitude of the HABC, 

perceptions of rural communities towards wildlife and potential solutions including the needs of 

rural communities (Haab & McConnell, 2002; Marchini et al., 2021; van Eeden et al., 2018a). 

Previous research about human communities’ perception towards Andean bear conservation 

actions in the Chingaza Massif showed that rural communities have been marginalized, but 

triggers, and potential solutions for HABC have not been identified in the region (Jorgenson and 

Sandoval, 2005; Parra-Romero, 2011; Parra-Romero et al., 2019b).  

Our study aims to evaluate magnitude of HABC including the triggers of these interactions and 

assess hypothetical conservation scenarios for Andean bear on the Chingaza Massif, Colombia. 

We hypothesized that the magnitude of the conflicts will be better explained by livestock 

practices. Also, we assessed the perceptions of human communities towards Andean bears on the 

Chingaza Massif and compared with the magnitude of the conflict events. We hypothesized that 

negative perception towards the species will be higher than magnitude of HABC in the region. In 

addition, we evaluated how landowners’ values influence attitudes towards Andean bears and 

their receptivity to implementing strategies to reduce conflict in the region. We hypothesized that 
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ranchers would prefer programs that compensate for cattle loss due to the HABC over other 

types of management actions.  

TABLE 1.  

2. Material and methods  

2.1 Study Area 

The Chingaza Massif is located between Boyacá, Cundinamarca, and Meta departments on the 

east range of Colombia with an elevation varying from 500 to 4100 m and includes The 

Chingaza National Natural Park (Ch-NNP), a 766 km2 protected area that extends to prohibit 

wildlife killing and control cattle grazing (Figure 1) Precipitation regime is monomodal ranging 

between 2000 – 3600 mm/year, with a rain peak between May and August followed by lower 

precipitation rates between December and February (Morales Rivas et al., 2007; Vargas Rios & 

Pedraza, 2004). Main habitats present in the massif include Andean forest and paramo 

ecosystems distributed between Cundinamarca and Meta departments (Parques Nacionales 

Naturales de Colombia, 2016). The Chingaza Massif provides the majority of water for Bogotá, 

the largest (>7,180,000 people), and capital city of Colombia and 11 municipalities in the region 

(Vargas Rios & Pedraza, 2004). Main agriproduction activities in the massif include traditional 

high elevation ranching, agriculture and subsistence farming (Garavito González et al., 2018; 

Pedraza et al., 2020).  

FIGURE 1.  

2.2 Data collection  

Data were collected from 2017 to 2019 in areas adjacent to Ch-NNP in localities with previous 

HABC conflict reports. We employed semi-structured questionnaires to record the magnitude of 
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HABC and perceptions towards the species in the massif (Dillman et al., 2014; White et al., 

2005). Questionnaires were made to people 18 years old or older (legal adulthood in Colombia). 

Participation was voluntary and no incentives were provided for responding to the questionnaire. 

The questionnaire consisted of questions organized in five subjects: 1. Demographics, 2. Wildlife 

uses, 3. Economic activities and productive systems, 4. Conflict event characteristics and, 5. 

Perception of the species. (González-Maya et al., 2013; Márquez & Goldstein, 2014). 

Questionnaire parameters were approved by the Institutional Review Board of the University of 

Arizona (IRB approval 1705451796). Informed consent was obtained before participants 

answered any question (all the documents were translated and supplied in Spanish). The 

questionnaires were administered in person, in the context of a formal interview on each farm in 

a private place where the interviewee felt comfortable to respond (Dillman et al., 2014).  

To evaluate landowners’ willingness to accept (WTA) compensation for conflict mitigation at 

the Chingaza Massif, we used attributes from other studies and applied to the social and 

economic context of the Chingaza Massif (Neupane et al., 2017; Manoa et al., 2021). Our 

questionnaire included questions on five program attributes: type of payment, farm area, time of 

hypothetical project, implementer, and monetary compensation (Table 1.). Selected attributes 

and levels were evaluated from available ecosystem services payment programs implemented in 

Colombia (BanCO2), and the cost for lost cattle was obtained from local markets at the massif.  

In order to analyze WTA scenarios, we presented hypothetical scenarios in the most efficient 

manner (e.g. improved orthogonality and shortest survey length) following the recommendations 

provided by (Soto et al., 2016), and we generated 8 hypothetical scenarios of discrete choice: 1 

accepted, and 0 otherwise.  
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2.3 Data analysis  

2.3.1 Conflict triggers at Chingaza Massif  

We used descriptive statistics to analyze the socioeconomic profile of the villagers at the 

Chingaza Massif. Generalized linear models (GLM) were performed to evaluate how 

demographics, economic activities, and productive systems management affected the fact of 

recording HABC and identify the main triggers of negative interactions. We defined 9 variables 

and used a stepwise procedure to generate a list of 32 models. The Akaike Information Criterion 

(AIC) was calculated for each model, afterwards we ranked and selected the best models using 

ΔAIC values (Anderson et al., 1994). We calculated model-averaged coefficients for covariates 

with ΔAIC < 2.  

2.3.2 Perceptions towards Andean bears at Chingaza Massif  

In the same way, GLMs were used to evaluate how demographics, economic activities and 

HABC affected the local perception towards Andean bears. We defined 12 variables and used 

the same process mentioned above. We only applied additive combinations among variables to 

keep the set of variables to a reasonable size and identify variables that triggered HABC and 

generated positive/negative perceptions towards the species. Correlation analyses were 

performed to identify and eliminate highly correlated variables and reduce multicollinearity 

among independent variables (Zuur et al., 2009).  

2.3.3. Willingness to accept hypothetic scenarios at Chingaza Massif.  

For WTA data, we performed random effects models (REMs) to adjust unobserved heterogeneity 

at the individual level. REMs allow covariance among the hypothetical scenarios (Horowitz & 
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Mcconnell, 2002). Analyses were performed in R (R TEAM DEVELOPMENT CORE, 2008) 

using the packages lme4 and plm (Bates et al., 2015; Croissant & Millo, 2008).  

3. Results  

We interviewed 145 people with a positive response rate of 84%. The main reason for choosing 

to not participate was lack of trust in the researcher and the project (n=15, 65%) due to past 

experiences with other Andean bear conservation projects in the region. All respondents who did 

not responded to the interview were males between 35-50 years old. Of the 122 respondents that 

accepted participation in the questionnaire, 60% of the respondents were males, 40% females. 

88% of the respondents presented an average age of 53 (± 15) years old. Census data showed that 

in our study area the proportion of women and men is 50:50 (DANE 2018). Most respondents 

(71%) expressed that they only had primary school studies and 27% reported basic secondary 

school studies. The main source of economic income was livestock (sheep and cattle) activities 

(92%).  

3.1 Human – Andean bear conflicts dynamics 

For HABC evaluation, we found that conflict events were explained if ranchers guarded cattle, 

reporting more conflict events when they did not often supervise cattle with no conflicts when 

cattle were supervised (Table 2). On average ranchers left cattle unsupervised 10 (±9) days in the 

highlands. We used the number of days that ranchers usually leave cattle without supervision, 

but due to the lack of responses to this question, this variable was not selected for our analysis. In 

addition, younger people are more likely to note conflicts than older people. Economic losses 

from the last two years derived from Andean bear attacks were on average USD$1047 (± $621) 

for cattle and USD$1822 (± $1849) for sheep. 
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TABLE 2.  

3.2 Perceptions towards Andean bears 

People expressed negative perceptions of Andean bears in Chingaza Massif; 76% of interviewees 

shared negative comments. The negative perception of Andean bears is influenced by past events 

of negative interaction with the species, and because people generally believe that bears only live 

inside of the protected area and is not common to report individuals outside of Ch NNP (Table 

3). Perceived abundance of the species is related to the time that people that have lived on the 

massif; people that lived for more time in the study area perceive Andean bear as common and, 

tend to express positive perceptions towards bears. 

TABLE 3 

Interviewees reported that HABC have decreased during the last 5 years (62%) whereas 38% of 

the people believe that the problem increased or has remained stable; 69% of the interviewees 

expressed concern about having Andean bears near their farms.  

When evaluating perceptions of the Andean bear (positive or negative), we found that rural 

ranchers expressed negative perceptions of the species when presented past conflicts with the 

species, and people that perceived Andean bears as rare in the area are less likely to present 

positive perceptions than people that perceive the species as common, an unexpected result. 

Ranchers who have been owners for less time in the area are more likely to express negative 

perceptions towards bears, whereas people with longer ownership history tend to show positive 

perceptions.  

We found that women perceived Andean bears as a rare or very rare species, adding that women 

perceive environmental laws as tools to educate rural communities, conversely, men perceived 

bears as a common species at the Chingaza Massif. People that expressed positive attitudes 
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towards Andean bears believe that laws are positive, and they regulate human activities, whereas 

people that expressed negative perceptions to bears do not agree in general with laws because 

these punish people (Figure 2).  

FIGURE 2 

3.3 Willingness to accept conservation scenarios. 

Of the 122 responses, 79 respondents were complete and permitted WTA analyses (Table 4). 

Contrary to our hypothesis, ranchers at Chingaza Massif tend to prefer hypothetical scenarios 

where projects pay for the maintenance of natural areas over the payment for loss of cattle due to 

HABC (p= 0.07), in programs that include more than 5% of their farms (p=0.07). The shortest 

duration of a project presented a negative significant relationship (p<0.05), which means that 

people reject short time Andean bear conservation projects (in our hypothetic scenario < 2 

years).  

TABLE 4 

As expected, ranchers tend to choose the highest amount allowed in our hypothetical scenario as 

compensation ($87 USD/ha; p<0.001). An important result showed a negative relationship of the 

type of agency executing the projects (p<0.01) in this case NGO’s, rural ranchers preferred that 

government environmental agencies directly execute the projects over other institutions.  

4. Discussion  

Finding ways to mitigate conflicts and promote coexistence of humans and carnivores is a key 

challenge for conservation, especially for Andean bears (Jorgenson & Sandoval, 2005b). 

Deforestation and human population increase in areas near to protected areas further exacerbate 

HABC (Kattan et al., 2004) as well as the negative perceptions. Negative interactions have been 
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reported during the last 10 y at the Chingaza Massif (Parra-Romero et al., 2019a, 2017), but the 

magnitude of HABC are lower that the perception of the interactions, our results showed that 

only a small proportion of ranchers (28%) reported HABC, but the general idea of communities 

along the Chingaza Massif towards the Andean bears is that bears are “bad for the business,” 

supporting similar reports in the central range of Colombia (Escobar-Lasso et al., 2020).  

We identified that 28% of the ranchers reported past HABC, whereas negative perceptions were 

expressed by greater than 70% of respondents in the Chingaza Massif, meaning that people 

believe that Andean bears affect livestock systems more than the actual problems that have been 

reported. HABC are real on the Chingaza Massif but are not as frequent nor as profound as 

people believe. These results are similar to other studies in countries such as Perú and Ecuador 

(Andrade et al., 2019; Figueroa, 2015) where perceptions are negative because of oral traditions 

and despite a lack of evidence for the negative events (Goldstein et al., 2006).  

The main trigger of HABC at the Chingaza Massif is the lack of surveillance of domestic 

animals that are managed in remote areas for grazing, this is a traditional practice applied in the 

Andean region of Colombia and more broadly across South America (Jorgenson & Sandoval, 

2005a; Goldstein, 2002; Goldstein et al., 2006a). Implementation of surveillance livestock 

programs reduced attacks on cattle by 42 – 100% for other carnivore species (Miller et al., 2016; 

van Eeden et al., 2018b), but these stewardship strategies need to be tested at the Chingaza 

Massif and other regions of Colombia.  

Rural ranchers expressed that they do not receive technical support from government agencies to 

improve management and protection of livestock systems. In general, most ranchers maintain 

minimal cattle management conditions, because its low cost and practices that have been passed 
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on across generations in the highlands of Colombia and South America (Goldstein et al., 2006). 

Additionally, funding possibilities are scarce to improve livestock management and 

environmental agencies tend to perform reactive and not proactive responses to HABC. 

Husbandry changes were made by ranchers only after experiencing damage by Andean bears, 

showing a reactive response to the problem, and not an initiative-taking approach towards 

prevention. This kind of management is traditional in Colombia and other regions of the 

neotropics that experienced conflict with large carnivores (Amit & Jacobson, 2017).  

Change of livestock practices such as implementing electric fencing could be an effective 

management tool for reducing HABC (Zukowski and Ormsby, 2016), but not the only one, the 

dynamics of the HABC are complex and implementation of surveillance programs with the 

improvement of the productive activities could help to design mitigation and management 

programs of HABC, all these actions should be complemented with environmental workshops to 

facilitate adoption by human communities. 

Perceptions towards HABC can be exacerbated by different causes such as the lack of attention 

by public environmental agencies to HABC reports and the cost associated with recording and 

monitoring of conflict events (Jorgenson and Sandoval, 2005). Additionally, environmental 

agencies in Colombia present high turnover of personnel and gaps in their monitoring programs 

(Hohbein et al., 2021). These practices can generate mistrust by ranchers of environmental 

agencies, as have been reported in other regions of Colombia and South America (Cusack et al., 

2021; Escobar-Lasso et al., 2020; Young et al., 2010; Zukowski and Ormsby, 2016). 

One way to mitigate and generate positive perception towards Andean bears is the 

implementation of conservation compliance programs that generate conservation incentives and 
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at the same time improve of the productivity of ranching systems, these kinds of programs have 

been effective in diminishing deforestation rates in the neotropics (Ogg, 2020). Generation of 

voluntary conservation agreements between ranchers and environmental agencies have had 

positive outcomes in other areas of Colombia (Koprowski et al., 2019; Orjuela et al., 2020), 

demonstrating improvement of the well-being of human communities, appropriation of 

conservation programs and decrease of conflict events with large carnivores. The Conservamos 

la Vida (We preserve life) initiative, has been working with ranchers and coffee producers in the 

western and central ranges of Colombia to implement conservation agreements to improve 

production practices (livestock and agriculture) as well as conservation areas inside of private 

properties for Andean bears (Acevedo et al., 2019). These conservation programs linked with 

environmental education schemes in rural communities led to changed negative perceptions 

towards the Andean bears (Espinosa and Jacobson, 2012).  

Programs such the mentioned bellow could be part of the management for HABC at the 

Chingaza Massif. Ranchers see an opportunity for conservation of paramos and cloud forest, 

because these communities understand the importance of the ecosystem services provided by 

these ecosystems and envision the Andean bear as an opportunity for ecotourism (Pedraza et al., 

2020). The main obstacle for the implementation of conservation programs is that rural 

communities perceive that authorities should be more proactive and less reactive in the 

management of HABC, an identified problem in the past that has not yet been resolved (Garavito 

González et al., 2018).  

Identification of the HABC triggers and perceptions towards the species is a first step in order to 

find coexistence tools between ranchers and bears (Marchini et al., 2021). Livestock depredation 
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is the main interaction reported with Andean bears at the Chingaza Massif, a pattern seen 

throughout Andean South America (Figueroa, 2015; Zukowski and Ormsby, 2016) and 

mitigation tools have been not applied systematically to manage these interactions. By using 

WTA compensation hypothetical scenarios, our results are consistent with general results from 

other studies about revenue, where ranchers prefer higher income (Amit and Jacobson, 2017; van 

Eeden et al., 2018), but contrary to our hypothesis, ranchers preferred projects that involved large 

scale conservation of their lands over the payment for lost cattle, it is important to state that 

compensation programs for loss of cattle or replacement of attacked animals in Colombia never 

have been implemented and are not approved by environmental authorities. This presents a 

perfect opportunity to generate programs that involve rural communities in their own 

conservation programs, on their lands and with their knowledge where the main conditions are 

not imposed by an external agent but applied with a mix of local traditional ecological 

knowledge and practices on livestock systems leading to a real and perceived control of cattle 

and the adoption of sustainable productive practices (Bruskotter and Wilson, 2014).  

5. Conclusions 

The evaluation of conflicts, both past and present, perceptions of communities and the 

willingness to find a solution to the conflicts by affected people, must be a priority that involves 

rural communities in conservation programs, maintaining systematic and replicable approaches 

(Zimmermann et al., 2020). Examples of these exercises have been applied for brown bear 

(Ursus actos) conservation in Europe with positive results in order build conservation and 

conflict mitigation scenarios seeking mutual adaptation and conviviality between rural 

communities and brown bears (Toncheva and Fletcher, 2021). Tools such as relocation have 
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been applied for Black bears in Great Smoky Mountains National Park (USA), with success in 

minimizing black bear – human conflicts (White et al., 2022), but in comparison with Colombia, 

there are not tools or plans for monitoring problematic individuals, and relocation of Andean 

bears individuals across the country is not suggested given the limitation in evaluating health 

status of populations and potential movements of pathogens among bear populations. Is because 

this, considering beliefs and perspectives from local communities complementing conservation 

programs with environmental education will enable ranchers and farmers to be leaders in 

protecting highland ecosystems paramos and Andean bears.  

Recent studies demonstrated that negative interactions and perceptions between human 

communities and wildlife in general are related to economic losses (e.g. cattle or crops), but new 

findings showed intangible drivers that are also related such as social, cognitive and emotional 

factors that lead to the negative reactions towards wildlife, especially carnivores (Álvarez and 

Zapata-Ríos, 2021; Ballejo et al., 2022; Marchini et al., 2021). Our study showed how cultural, 

economic and management drivers affect the complex dynamics of Human – Andean Bear 

Conflicts, and the uniqueness of each locality where conflicts are reported. Herein, we were able 

to merge different approximations in a systematic way that can be applied in any context and 

geographical region for the identification of triggers and management tools for Andean bears 

across their range.   
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Figure list 

 

Figure 10. Study area and interviews performed at the Chingaza Massif, Colombia. 
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Figure 11. Correspondence analysis for attitudes towards Andean bear at the Chingaza Massif, 

Colombia 
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Table List 

Table 4. Attributes and levels used to create the hypothetical scenarios. 

Attribute Description Levels 

Type of 

payment 

Hypothetical scenario of 

retribution 

Payment per Ha 

Payment per lost animal 

Farm Area 

Area of the farm that the 

rancher is willing to offer 

< 5% 

> 5% 

Time Commitment period 

< 2 years 

> 2 years 

Implementer 

Type of organization that 

perform monitoring of the 

program 

NGO 

Government agency 

Compensation* 

Compensation for 

committed ha/farm 

USD$12 

USD$37 

USD$62 

USD$87 

Payment for attacked cattle 

USD$68 

USD$87 

USD$111 

USD$136 

* US$1= COP$3693; COP is Colombian pesos (average rate during 2020) 
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Table 5. Ranking of the generalized linear models (ΔAIC <2) and average model for the 

evaluation of Human-Andean Bear Conflict (HABC) on the Chingaza Massif, Colombia. 

RANKED 

MODELS 1 AIC2 ΔAIC2 AICW4 

HUMAN – ANDEAN BEAR CONFLICTS 

VIGILANCE 137.94 0 0.40 

VIGILANCE, AGE 139.92 1.97 0.14 

NULL MODEL 156.40 18.45 3.95e-5 

AVERAGE MODEL FOR HUMAN – ANDEAN 

BEAR CONFLICTS 

VARIABLE  ESTIMATE ±SE 95% CI 

INTERCEPT  -1.1669± 0.8020 ˗2.9729  ̶  0.6390 

VIGILANCE 

(YES) 

1.5989 ±0.8563 

(.) 
0.4953  ̶  0.7393 

VIGILANCE 

(NO) 
-0.3784±0.8673 -2.0957 ̶  -1.3389 

AGE -0.0852±0.2137 -0.0339  ̶  0.0225 
1 Vigilance: Vigilance of cattle (presence/absence); Age: interviewee’s age; Gender 

(Male/Female).  

2 Akaike information criterion for small samples. 

3 Difference in AICc from best performing model. 

4 Model weight estimate from the AICc.  

(**), (*), (.) represent 0.01, 0.05, 0.1 level of statistical significance, respectively. 
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Table 6. Ranking of the generalized linear models (ΔAIC <2) and average model for the 

evaluation of Human-Andean Bear perceptions towards Andean bear on the Chingaza Massif, 

Colombia. 

PERCEPTION TOWARDS ANDEAN BEARS 

RANKED 

MODELS 1 AIC2 ΔAIC3 AICw4 

HABC 142.04 0 0.14 

NULL MODEL 142.44163 0.39 0.12 

HABC, 

PERCIEVED 

ABUNDANCE OF 

BEARS 

143.44 1.39 0.07 

HABC, 

ONWERSHIP 
143.65 1.60 0.06 

HABC, AGE 1243.72 1.67 0.06 

AVERAGE MODEL FOR HUMAN PERCEPTION 

TOWARDS ANDEAN BEAR 

VARIABLE ESTIMATE ±SE 95% CI 

INTERCEPT -0.8837±0.3476(*) -1.3313  ̶  -0.4361 

CONFLICT 

(YES) 
-0.8075 ± 0.5085 -1.4627   ̶  -0.1523 

PERCEIVED 

ABUNDANCE 

(RARE) 

-0.2210±0.5769 -0.9645   ̶  0.5224 

PERCEIVED 

ABUNDANCE 

(COMMON) 

0.6123±0.5952 -0.1548   ̶  1.3794 

GENDER 

(MALE) 
0.3074±0.4369 -0.2556   ̶  0.8705 

OWNERSHIP 

YEARS 
-0.0072±0.1111 -0.021   ̶  0.0071 

 

1 HABC: Human Andean Bear conflict (Presence/absence); Perceived abundance of bears: 

categories of perceived abundance of bears; Gender (Male/Female) Age: interviewee’s age; 

Ownership: years of ownership of the farm.  

2 Akaike information criterion for small samples. 

3 Difference in AICc from best performing model. 

4 Model weight estimate from the AICc.  

(**), (*), (.) represent 0.01, 0.05, 0.1 level of statistical significance, respectively. 
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Table 7. Random effects model estimation for Willingness to Accept (WTA) at the Chingaza 

Massif, Colombia. 

 

 VARIABLE ESTIMATE ± SE 95% CI 

INTERCEPT 4.1139e-01 ± 7.09e-02 (**) 2.72 e-1 – 5.50e-1 

TYPE OF PAYMENT 

(HA/FARM). 

6.3291e-02 ± 3.61e-02 (.) -7.51e-3 – 1.34e-1 

FARM AREA < 5 HA -6.3291e-02 ± 3.61e-02 (.) -1.34e-1 – 7.54 e-3 

COMMITMENT PERIOD 

< 2 YEARS  

-6.9620e-02 ± 2.90e-02 (*) -1.26 x10-1 - -1.26e-1 

IMPLEMENTER (NGO) -1.075e-01 ± 3.61e-02 (**) -1.78 e-1 - -3.67e-2 

COMPENSATION ($) 6.3291e-07 ± 1.75e-07 (**) 2.89e-7 – 9.76e-7 

 

 

 

 

 


