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The concentration of people living in small areas has increased in the last decade, with more than half of the world's population living in cities. This is particularly true for Latin America, a region with no particular high contribution to the world total population, but hosts several large cities. The increase in urbanization causes several threats to wildlife that face the loss of their habitat and novel environmental pressures. As the number of wildlife entering cities seems to have increased in the last year, we characterize the temporal and geographical events of a widely distributed carnivore, the puma, Puma concolor. We performed an exhaustive search for media news regarding the sighting, capture, and/or killing of pumas within human settlement areas, and tried to relate them with potential explanatory variables. We found a total of 162 events in Latin America in a period of the last 10 years, particularly concentrated in the year 2020. Most records came from Brazil, followed by Argentina, Chile, and Mexico. Of the total, 41% were only sightings, 58% were captures, and a minor percentage were considered as mascotism. Almost the same number of records came from highly populated areas (cities) than from low populated areas (rural) but with important differences between countries. The countries with more records in urban areas (Brazil and Mexico) showed a larger surface occupied by cities. The countries with most records in rural areas (Argentina and Chile) present the opposite pattern of occupied surface. This might indicate that different percentages of areas dedicated to cities or urban spaces might explain the differences among countries. The most important variable related to puma events in the populated areas was sky brightness, while human density and cattle density explained minor parts. The “anthropause” due to the COVID-19 pandemic might explain the larger number of records from 2020, while the absence of high-quality habitats due to fragmentation and high cattle density, might force the pumas to enter populated areas searching for food. Minor values of night lights could be related to a facilitation of efficiency of foraging behavior. Although some bias might exist in the data, the results should be taken into account as general statements for all analyzed countries.
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INTRODUCTION

Global biodiversity is threatened by habitat loss and fragmentation due to urbanization (McDonald et al., 2008). The encyclopedia Britannica defines “urbanization” (or “urbanisation”) as “the process by which large numbers of people become permanently concentrated in relatively small areas, forming cities” (Britannica, 2021). Urbanization is obviously related to the spatial distribution of human populations. Actually, more than half of the world's population is living in urban areas (55%) a trend which increased from 30% since 1950 (United Nations Department of Economic Social Affairs Population Division, 2019). Particularly, in the American continent, majority of the countries present more than 60% of the population already living in urban areas, a trend that is estimated to be increased by 2050 (United Nations Department of Economic Social Affairs Population Division, 2019). In Latin America (from Mexico to Argentina), urbanization is now around 80% higher than in most of the other regions (United Nations Department of Economic Social Affairs Population Division, 2019). Particularly in this region, the urban systems stand out for their huge cities: for example, in 2000, with only 8.5% of the total world population and 13.7% of the total urban population, the region had four of the 15 most populated cities of the world (e.g., São Paulo, Mexico City, Buenos Aires, and Rio de Janeiro; Lattes et al., 2017).

Urbanization causes a decrease in mean patch size, total core area, and cohesion of habitats, while it increases patch and edge density, as well as shape complexity of habitat (Liu et al., 2016). Under this context, wildlife species will face loss of habitat and novel environmental pressures in areas proximal to urban areas, particularly: intense vehicular and pedestrian traffic and acoustic, chemical, and light pollution, among others (Grimm et al., 2008). Within wildlife species, large mammalian carnivores, which present large home ranges, low population densities, and slow growth rates (Noss et al., 1996), will be particularly sensitive to the effects of urbanization. Understanding their status across this novel landscape (e.g., suburban and urban areas), can be useful since large carnivores are considered indirect indicators of the overall health of ecosystems due to their trophic position (Noss et al., 1996; Crooks et al., 2011). It is also important to understand their status regarding the exploitation of new anthropogenic foods and shelters (Bateman and Fleming, 2012) to zoonotic importance (Reperant et al., 2009) and direct attacks (Bombieri et al., 2018).

The puma, Puma concolor (Linnaeus, 1771), is a large felid (average weight: 53.9 kg; Jones et al., 2009) distributed in almost the entire American continent (Nielsen et al., 2015). This species is particularly sensible to habitat fragmentation and human landscape variables (Crooks, 2002); it has been shown that the development of roads can reduce gene flow in its populations (Riley et al., 2014). Also, as the amount of human disturbances increased, a reduced occurrence of puma was recorded between 2009 and 2010 in Lewis et al. (2015) and between 2014 and 2016 in Guerisoli et al. (2019). Pumas require landscape connectivity to persist (Crooks, 2002; Maletzke et al., 2017), but can still survive within and next to urban ecosystems (e.g., Wilmers et al., 2013; Riley et al., 2014; Lewis et al., 2015; Zeller et al., 2017; Blecha et al., 2018). Nevertheless, moderate levels of fragmentation can affect the genomic diversity of a species, particularly of a top predator (Saremi et al., 2019). A recent study on puma genomes announced that, because of the ongoing increased habitat loss and fragmentation (caused by the rapid human population growth and land development) in South America, puma populations will tend to be smaller and isolated (Saremi et al., 2019).

Conflicts between pumas and humans include threats posed to life or economic resources, or even to the perception that puma threatens human safety or property (Nyhus, 2016). Most conflicts with puma relate to livestock predation in areas with high livestock density, low habitat steepness, low co-predator richness, and high distance to roads as focal conflict areas (see Guerisoli et al., 2020). The attack of puma on humans does not seem to be common, with nine people dead in 116 years in North America (Sweanor and Logan, 2010). However, the attention that media display toward an encounter between puma and humans, or the presence of puma in urban areas, seems to be really high (Shaw, 2010; Vardi et al., 2021). Human perceptions of puma are wide: livestock producers experience economic losses and use mitigation techniques and retaliatory killings, sport hunters resolve conflict lethally, the general public sees puma as ecologically important but demand lethal actions following attacks on humans, environmentalist aim to prohibit puma hunting, among many others (Mattson and Clark, 2010).

Pumas are considered to have high plasticity and adaptability to novel environments, making this species an excellent model to understand the exploration of atypical ecosystems (Moss et al., 2016). Given the importance of understanding wildlife-human interactions, such as visits of carnivores in peri-urban/urban areas, and given the high urbanization degree of Latin America, our broad goal is to characterize puma events in these landscapes. More specifically, we aim to: (1) characterize media reports of puma visits in peri-urban/urban areas in Latin America within the last 10 years and (2) understand if there is a relationship between the visits according to different degrees of urbanization across Latin America.



MATERIALS AND METHODS


Sourcing Information

We conducted an online systematic search and review of media news, in Spanish and Portuguese, that addressed puma events in urban ecosystems in Latin America (Supplementary Material 1) using Google search. As several common names are used for Puma concolor in Latin America (i.e., puma, león de montaña, suçuarana, onça parda), we included all of them in our search and combined them (in Spanish and Portuguese) with the terms: “city,” “urban,” “town,” “capital,” “cidade.” We included all media news published from 2011 (i.e., the first recorded was from April) until May 2021. We used the Google search platform to complete the revision and additionally, we employed a snowball sampling (Goodman, 1961) to identify and include additional media news matching our criteria identified during our primary searches. After the first search of information, we found little news from some countries (e.g., Venezuela), and we completed, in those cases, a specific search by adding the name of the countries to the search. Specially, for Suriname and French Guiana, we applied the local language spoken in the search. Each locality was georeferenced to the maximum accuracy possible according to the information available, using Google Earth Pro. The coordinates were used also to ensure that no duplicates were found, checking the lack of correspondence in both latitude and longitude between two events. Henceforward, we define the information sourced as “puma event/s” when a direct encounter between the animal and humans was recorded in rural, peri-urban, and urban areas.



Temporal and Geographical Characterization

When a news article specified the exact date of the puma event, that date was used but when the news article did not specify the exact date, then the release date of the news article was used. The difference between encounter date and published date was calculated for those articles presenting such information. Articles presenting the puma events were published considerably quickly after the encounter (x = 16 h, sd = 22 h). To understand if there was a temporal pattern of the puma events, we divided them per year and to comprehend the magnitude of the relationship between the years and the quantity of puma events, we fitted an exponential regression model in R (function lm, R Development Core Team, 2020). The relationship between the quantity of puma events and the quantity of news obtained under the parameters of our search (e.g., “puma” + “city”; hereafter “news in general”) was analyzed by applying a proportion. Additionally, to study if there was a seasonal pattern, we extracted only the puma events of the Southern Hemisphere and we calculated the absolute number per season (summer: from 21 December to 20 March; Autumn: from 21 March to 20 June; Winter: from 21 June to 20 September and Spring: from 21 September to 20 December). Additionally, to establish the amount of records across Latin America, we quantified the number of puma events per country. To test if there were significant differences between the years and seasons affecting the distribution of the events, we applied a Chi-square goodness of fit in R (R Development Core Team, 2020).



Characterization of the Puma Event

From each news article, we extracted the relevant information related with the puma event. When possible, it was recorded: (a) if the event was just a sighting of the species (e.g., from security cams), (b) how the event ended (e.g., captivity), and (c) if there were extra data regarding the puma event in the urban area (e.g., related with a livestock attack). The event was categorized as “mascotism” if the information available allowed inferring that the animal was being kept within a particular house as if it was a domestic animal. Additionally, we characterized the information regarding the individuals involved. We extracted, when available, the age class into three categories: cub (less than 12 months, or when stated “cub”), juvenile (less than 2 years, or when stated “juvenile”), and adult (more than 24 months, or when stated “adult”). Moreover, we recorded the information related, when available, of the sex and the weight of the individuals involved.



Puma Events and Degree of Urbanization

The definition of “degree of urbanization” varies across each country. Since the geographic scale included in this revision is broad (Latin America), we applied the definition of “degree of urbanization” provided by the World Bank Data (Dijkstra et al., 2020). The “degree of urbanization” is categorized as cities, towns, semi-dense areas, and rural areas. (1) Cities are defined as those areas which have a population of at least 50,000 inhabitants in contiguous dense grid cells (>1,500 inhabitants per km2); (2) towns and semi-dense areas are areas with a population of at least 5,000 inhabitants in contiguous grid cells with a density of at least 300 inhabitants per km2; (3) rural areas: areas which consist mostly of low-density grid cells (<300 inhabitants per km2). We assigned these categories to each puma event using the map of human density “Gridded Population of the World” (number of persons per km2; SEDAC, 2018) at 30 arc-sec resolution. To test the significant differences between degrees of urbanization in different countries, we applied a Chi-square goodness of fit in R (R Development Core Team, 2020).



Possible Determinants of Puma's Events in Urban Areas
 
Explanatory Variables

To analyze the possible determinants of puma events in proximity of or inside urban landscapes, we extracted six explanatory variables from different sources.

1) Pumas are considered adaptable species, capable to expand their niche, over time and space, in areas that suffered a transformation from rural to urban landscapes (Moss et al., 2016). Thus, to understand if puma events presented a relationship with rural, peri-urban, or urban areas, we used a map of human density (number of persons per km2; SEDAC, 2018) at 1 km resolution (i.e., ca. 1 km at equator).

2) Since pumas are more likely to predate in habitats with vegetation coverage (e.g., shrubs; Guerisoli et al., 2020), we extracted from each puma record the land cover information to understand if the puma events were related to those habitats. For this, we used the map of “Land Cover GLC-SHARE” (Latham et al., 2014) at 1 km of resolution. This variable was considered as a categorical variable stating land cover and vegetation state (Latham et al., 2014).

3) Little information is available on the effects of light pollution on pumas. Still, Ditmer et al. (2021) found that pumas and their prey selected areas with elevated light when surrounding radiance levels were low and in areas with elevated nightlight, pumas and their prey increasingly avoided light exposure. Another recent study found that during COVID-19 lockdown, night lights was one of the most important predictors of puma observations (Vardi et al., 2021). Thus, we extracted, per each puma event, the values of artificial brightness (expressed as millicandels/cm2) from the map of “artificial sky brightness” (Falchi et al., 2016) at 1 km of resolution.

4) Pumas are considered, across their distribution, as a conflictive species, particularly for predation of livestock species (Guerisoli et al., 2020). This conflict is specially concentrated in Latin America (Guerisoli et al., 2020). Thus, to understand if puma events were associated with livestock densities, we extracted, per each event, the density values of cattle, sheep, and goats (the main livestock prey species of pumas; Guerisoli et al., 2020). To complete this, we used, per each species, the “Gridded Livestock of the World” which included the amount of cattle, sheep, and goats per pixel size (Wint and Robinson, 2007). These latter maps were at 10 km resolution.

For the extraction of each variable, we used QGIS 3.16 (QGIS, 2021). The maximum, minimum, median values, and histograms are presented for each variable. A possible shortcoming might be seen given that variables do not represent the exact time of each particular puma event. However, we believe that this can be overcome since three of the variables have information from the 10-year analyzed period, and the other three were published only 3 years before.



Modeling the Explanatory Variables

To comprehend the importance of the explanatory variables on the puma events, we applied a Generalized Linear Model (GLM). To understand if the explanatory variables described before were correlated (i.e., r <0.7), a correlation analysis was performed in R (R Development Core Team, 2020), showing a lack of multicollinearity between variables.

Since GLM needs both presences and absences, the latter needed to be built. Thus, we created a Maxent model (Phillips et al., 2006) with the six variables above mentioned and all the records of puma in urban areas. As the variables had different resolutions, we resample “Land Cover,” “Sky brightness,” and “Human density” to 10 km resolution, and then, all variables were cut to the data extension. These were done using the package “raster” (Hijmans et al., 2020) in R (R Development Core Team, 2020). We used the default settings of Maxent and all variables were set as “continuous,” except for “Land Cover GLC-SHARE,” which was set as “categorical.” We followed Liu et al. (2013) and used Maximum Sensitivity and Specificity as threshold, to create a binary map of presences and absences. Posteriorly, the absence records were randomly selected from the absences areas of the binary output created. The amount of absence points was equally selected than the amount of presence points to create a balanced sample. The values of the six variables were extracted from these points and accounted as “absences” to be included, along with the puma events, within GLM, ANOVA, and Fisher tests (see below). A similar methodology was used in Seitz et al. (2017).

To evaluate if significant differences existed between presences and absences, we applied a one-way ANOVA for the five continuous variables, and a Fisher test for “Land Cover GLC-SHARE.” We ran these analyses in software R (R Development Core Team, 2020).

To analyze the importance of each variable in the presence of the others, a GLM was developed using the package “lme4” (Bates et al., 2015) in R (R Development Core Team, 2020). We standardized all variables, except “Land Cover GLC-SHARE” which was set as a factor. The model selection was completed following the Akaike Information Criteria (Akaike, 1973) corrected for sample size (i.e., AICc) and we presented the results applying a model average. To complete this, we used the package MuMIn (Bartón, 2020) in R (R Development Core Team, 2020). Models with similar support were considered when the difference in AICc was less than two (ΔAICc <2; Burnham and Anderson, 2002).





RESULTS


Temporal and Geographical Characterization

We found a total of 162 events regarding pumas in urban areas (Supplementary Material 1; Figure 1). We identified a gradual growth of puma's events from 2011 to 2021, and the year with the highest increase in news, regarding puma events, was 2020 (Figure 2). The association between the years and the quantity of puma events was positive (r2 = 72%). The relationship between the quantity of puma's events and the quantity of news in general increased, particularly in 2019, 2020, and in the first part of 2021 (13.2, 37.6, and 11.7%, respectively; Figure 2). Considering only the period 2011–2020, we found that the puma events were significantly different between years (X2 = 213.92, p < 0.001). If the COVID-19 years are not taken into account, still the amount of puma events increase from 2010 to 2019. The number of puma events fluctuated across the seasons in the Southern Hemisphere (total sample size = 140; Figure 3). Overall, the season with the less absolute number of puma events was the summer (n = 25), while the absolute number increased during winter (n = 51; X2 = 10.86, p < 0.05; Figure 3).


[image: Figure 1]
FIGURE 1. Map of the distribution of the puma events across Latin America.
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FIGURE 2. Number of puma events per year and ratio (in %) of puma events and the quantity of news in general (as defined in Section Materials and Methods).



[image: Figure 3]
FIGURE 3. Percentage of puma events, per season, in the Southern Hemisphere.


The countries with the greatest number of puma events were Brazil (n = 61) and Argentina (n = 58), followed by Mexico (n = 14) and Chile (n = 13; Figure 4; see Supplementary Material 1).


[image: Figure 4]
FIGURE 4. Distribution of the puma events across the countries of Latin America.




Characterization of the Puma Event

Of the 162-puma events, only two did not present detailed information. The news included that only puma's sightings or indirect signs of the species (e.g., tracks), were 67 (41.3%). The events that were related by the media as mascotism cases were only four (2.4%). Fifty-eight percent (n = 94) of the news included pumas that were captured after the sighting. In this percentage, we included also if the capture was successful (i.e., live capture) or not (i.e., death of the individual). The sighting of a female puma with cubs and the capture of the litter (i.e., the female escaped) was recorded only once (0.6%). The puma events related with livestock attacks (e.g., of cattle, sheep) were eight (4.9%), only two (1.2%) were related with attacks to humans, one (0.6%) was related with roadkill, and six (3.7%) were related to damage to human properties (e.g., cars, dogs).

Of the 75 news that presented information regarding the management of the captured individuals, 33 (44%) puma events ended under a captivity scenario (e.g., zoos). From these 33 events, 13 (40%) came from Brazil, 10 (30%) from Argentina, four (12%) from Mexico, three (9%) from Chile, two (6%) from Peru and one (3%) from Colombia. A total of 33 (44%) pumas, of the 75 news, were reintroduced into the wild: 20 (61%) were from Brazil, seven (21%) from Argentina, three (9%) from Mexico, two (6%) from Colombia, and one (3%) from Panama. Nine (12%) puma events, of the 75 news, ended with the death of the individual, either during the capture or directly killed without trying a live-capture (e.g., police that fired directly at the puma; Figure 5). From these nine events, six (67%) were from Argentina, two (22%) from Chile, and one (11%) from Mexico.


[image: Figure 5]
FIGURE 5. Percentage of the news that presented information regarding the management of the captured individuals.


The news that recorded the age (cub, juvenile, and adult) of the individuals were generally those articles that included the veterinary check-up of the puma captured. Overall, 80 news articles detailed the age of the individuals. Of these, 17 (21.2%) were cubs, 23 (28.7%) were juvenile and 40 (50%) were adults. Of the 40 adult puma events, six (15%) were events related with females with cubs. Sex was provided by a minor quantity of the events (n = 30). The females were 53.3% (n = 16) and the males were 46.6% (n = 14) of the population. The weight of the individuals was also information scarcely provided by some news sources (n = 15), ranging from 25 to 100 kg, and regrettably without relation to the age group. The records of individuals that weighed less than 30 kg were four, seven weighed between 30 and 50 kg, and four weighing more than 50 kg.



Puma Events and Degree of Urbanization

Of the 162 records, 75 (46%) came from cities (1,500 > people/km2), 68 (42%) came from rural areas (300 < people/km2), and 19 (12%) came from towns (300–1,500 people/km2; Figure 6). The majority of the puma events that occurred in cities were located in Brazil (69.3%, n = 52; X2 = 74.2, p < 0.001), followed by Mexico (14.6%, n = 10; X2 = 13.03, p < 0.001). Argentina, Chile, Colombia, Peru, and Paraguay presented less than 5% of the puma urban events in cities. Rural areas where puma events occurred were mainly, and significantly, present, in Argentina (73.5%, n = 50; X2 = 73.02, p < 0.001), followed by Chile (13.2%, n = 9; X2 = 9.3, p < 0.001). Less than 5% of puma events in rural areas were located in Brazil, Mexico, Colombia, Peru, Paraguay, and Bolivia. Towns were mainly represented by Brazil (31.5%, n = 6) and Argentina (26.3%, n = 5), followed by Colombia (10.5%, n = 2). Mexico, Panamá, Paraguay, Bolivia, Ecuador, and Honduras represented, each, the 5.3% of the events (n = 1).


[image: Figure 6]
FIGURE 6. Amount of puma events according to the “urbanization degree”.




Possible Determinants of Pumas in Urban Areas

The mean value for human density, according to the 162 records, was of 2,151 persons/km2, ranging from 0 to 10,966 persons/km2. However, most records were gathered between 500 and 600 persons/km2 (Figure 7A). As to “Land Cover,” 62 records (38%) came from “Shrubs Covered Areas,” followed by 35 (22%) from “Croplands,” 27 (17%) from “Artificial Surfaces,” 21(13%) from “Grassland,” nine (6%) from “Tree Covered Areas,” seven (4%) from “Baresoil,” and 1 (1%) from “Herbaceous vegetation, aquatic or regularly flooded” (Figure 7B). As to “Sky Brightness,” the mean value for all records was 1.61 mcd/cm2, ranging from 0 to 10.95 mcd/cm2; although most of the puma events were around 0.55 mcd/cm2 (Figure 7C). Regarding cattle density, the mean value for all records was of 2,317 cattle/km2, ranging from 0 to 14,394 cattle/km2. Most of the sightings were in the category of 700 cattle/km2 (Figure 7D). As to the relationship with sheep density, the mean value was 397 sheep/km2, ranging from 0 to 10,139 sheep/km2. Most sightings were seen in the category of 500 sheep/km2 (Figure 7E). Finally, the mean value for records according to goat density was of 100 goat/km2, ranging from 0 to 1,189 goat/km2; with most records coming from the 60 goat/km2 category (Figure 7F).


[image: Figure 7]
FIGURE 7. Histograms of the six extracted variables for the 162 records. (A) Human density. (B) Land cover. (C) Sky brightness. (D) Cattle density. (E) Sheep density. (F) Goat density.


The ANOVA indicated that significant differences existed between the presence and absence of puma events according to the explanatory variables of “Human density,” “Cattle density,” and “Sky Brightness” (Table 1). For “Human density,” areas of presence displayed much higher values than absences, with mean value of 2,151 persons/km2 for presences and only 4 persons/km2 for absences. For “Cattle density,” the presence of pumas was related with mean values of 2,317 cattle/km2 and of 1,272 cattle/km2 for absences. For “Sky Brightness,” the presence of pumas was mostly related with mean values of 1.6 mcd/cm2 and of 0.0042 mcd/cm2 for absences. No significant differences were found in the ANOVA for “Sheep and Goats densities,” neither in Fisher test for “Land Cover” (p > 0.05).


Table 1. Results of one-way ANOVA for the five continuous variables.

[image: Table 1]

The results of GLM indicated that “Sky Brightness” was the only variable that significantly explained (p < 0.01) differences between presences and absences of puma events. The variable had a positive and high estimate value (i.e., β, Table 2).


Table 2. Results of GLM using the five continuous standardized variables and “land cover” as factor.

[image: Table 2]

Model Selection indicated that five models held similar support according to AICc (i.e., ΔAIC <2). Model Average can be seen in Table 3. The results indicate that “Sky Brightness” was the only variable that significantly explained (p < 0.01) differences between presences and absences of puma events, in both full and conditional models.


Table 3. Model-averaged coefficients for the five models selected with similar support from AICc.

[image: Table 3]




DISCUSSION


Temporal and Geographical Characterization

In this review, we found an increase in puma events during the last decade, with a maximum during the lockdown-year 2020. The next step will be to understand if this rise depended on the consequences of the quarantines applied in Latin America (i.e., less people moving around) or if the mediatic environment was more concentrated on collecting this type of news. Still, there was an absolute exponential increase during the time window considered. The encounter of wildlife species in urban areas has become increasingly common to hear about in the news (Vardi et al., 2021), particularly after the COVID-19 pandemic. Several carnivore species (including puma) have been found in localities where they have not been previously recorded during 2020 (Vardi et al., 2021). One of the most important variables related to this “urban reclamation” was found to be the reduction in human mobility (Bates, 2021; Vardi et al., 2021). The lockdown of 2020 also allowed a reduction in road kills and an increase in species richness in less-disturbed areas, but also had some negative effects, such as lack of control of alien species and illegal hunting (Manenti et al., 2020; Bates, 2021).

We found a rise in the puma events between July and October (austral winter), a pattern that could be related to biological aspects of this species, such as mating season, prey availability, and food search. Although there is little information of the biology of pumas in the Southern Hemisphere, it has been shown, for the Northern Hemisphere, that the courtship and mating mainly occur during the winter/spring period, a time window where prey availability could be limited (Johansson et al., 2018). During this period, home ranges of pumas are at its minimum, food resources are crumpled, and the mating season is at the maximum (Johansson et al., 2018). So, because of the winter conditions in the Southern Hemisphere (e.g., food scarcity) pumas could be forced to cross anthropic landscapes searching for higher prey availability or mating partners (Ramírez-Álvarez et al., 2021). Future lines of research of spatial data (i.e., telemetry data) of puma's populations in this Hemisphere could contribute to comprehend better this potential relationship between the temporal patterns of the events and puma's biology.



Characterization of the Puma Event

Surprisingly, few records were related with livestock attacks. Pumas are considered a conflictive species, particularly in Latin America (Guerisoli et al., 2020). Thus, especially for those records in rural areas, a higher amount of events-livestock-attack-related was expected. We believe that this could be a consequence of geographic distance related to media concentration. In Latin America, most media enterprises are concentrated in large cities (Iturralde, 2017). Many cases involving conflicts with livestock occur in distant sites from populated areas, and livestock producers perhaps do not even report/share the attack on their stock publicly (Guerisoli et al., 2020). Even more, puma-livestock conflicts are poorly studied in Latin America, and the main method to collect such information, involves direct interviews with local ranchers (Guerisoli et al., 2020).

The management of the pumas involved in the events was mainly divided between individuals that ended in captivity and individuals released into the wild. The release of pumas into the wild occurred mainly in Brazil and Argentina. The pumas that ended in captivity were mainly because the individuals were too young or injured, or because there was a lack of support to guide a potential release (e.g., from National Research Institutes, NGOs). In Brazil, the National Environmental Council's resolutions (nos. 001, 1986 and nos. 237, 1997) establish the release of animals that were captured in animal rescue projects (Instituto Brasileiro do Meio Ambiente, 2015). In this country, NGOs and enterprises have a partnership with the Brazilian government and are officially authorized to receive, keep, and release the apprehended wildlife (Bernardo, 2012). Additionally, the government collaborates to maintain public wildlife centers that also receive, keep, and release rescued wildlife. This legislation could explain why in Brazil pumas were more successfully reintroduced into the wild than in Argentina.

In Argentina, the release of rescued wildlife is not fully regulated by any law or legislation. The release of wildlife in private captivity will depend on the owner and might be challenging, because of the livestock-puma conflict (Guerisoli comm. Pers.). In Argentinean National Parks the reintroduction of wildlife is limited by a National Park law resolution no. 157/91. Still, wildlife can be reintroduced only if a new population of the target species is meant to be funded or if the reintroduction is needed to strengthen an existing population (article no. 8 from the National Park law resolution no. 157/91). Pumas in Argentina are far from being considered an endangered species or a species that needs reinforcement of their populations, since their national status is “Least Concern” and their populations are considered “Stable” (De Angelo et al., 2019). The pumas that were released into the wild in Argentina were inside provincial or private reserves. In this country, there are private and public wildlife centers that receive, keep, and release rescued wildlife. Another issue that could be challenging for pumas captured in urban areas is that, in Argentina, most of the wildlife centers that complete rescue activities, already have a high number of pumas in captivity, and they, most of the time, do not accept this species anymore (confidential communication to Guerisoli, M.). This could be a problem for future captures of pumas, since they cannot stay in captivity and their release is complicated.

The majority of the records were from adults, followed by juveniles. This result was not expected, given that juvenile pumas (i.e., sub-adults) could be more prone to dispersal behavior (Logan and Sweanor, 2010) than experienced individuals, and thus, visiting novel environments, such as the urban one. No information about elderly or injured individuals could be obtained from the news, regarding only adults' events. As Quigley and Hornocker (2010) stated, adult survival is one of the most important factors to determine cougar society. A puma population with a higher adult survival will be characterized by an older age structure and a need for a higher dispersal of the juveniles (Quigley and Hornocker, 2010). We believe that the events where only cubs (<12 months) were involved could be related with mascotism, since it could be challenging for a cub to move from a non-urban landscape to an urban one by itself (i.e., cubs are highly dependent on the mother; Logan and Sweanor, 2010).



Puma Events and Degree of Urbanization

The majority of the puma events occurred in “city areas” and in “rural areas.” In the first, most events were located in Brazil and Mexico, while “rural areas” were represented mostly in Argentina and Chile. Brazil and Mexico territories present a higher percentage of “city areas” (ca. 0.42 and 0.99%, respectively) than Argentina and Chile (ca. 0.11% and 0.16%, respectively; SEDAC, 2018). Thus, it is not surprising that the majority of the puma events occurred in those countries with a higher concentration of “city areas.” On the other hand, Argentina and Mexico presented a higher percentage of their territories dedicated to “rural areas” (ca, 82 and 70%, respectively) compared to Brazil and Mexico (ca. 56 and 63% respectively; SEDAC, 2018). So, this could be explaining the increased puma events in those countries with territories dedicated to “rural areas.”



Possible Determinants of Pumas in Urban Areas
 
Human Density

The presence of the puma events was mainly characterized by areas with variable human density. Local studies have shown that pumas normally would avoid areas with human presence (e.g., Ordeñana et al., 2010; De Angelo et al., 2011; Wilmers et al., 2013; Guerisoli et al., 2019). Urbanization has been recognized as a potential genetic barrier in puma's populations; indeed, Trumbo et al. (2019) identified that urbanization restricted the gene flow of pumas in more urbanized environments. Still, pumas could explore scenarios with more anthropic disturbances searching, for example, for food resources (Moss et al., 2016; Johansson et al., 2018). Potentially, the absence of high-quality habitats, direct competitors, and the proximity to protected areas, could contribute to a higher frequency of puma's sightings in urban areas (Miotto et al., 2012, 2014). Additionally, this carnivore could be moving across these landscapes searching for alternative food sources (e.g., livestock) or reproductive partners (Ramírez-Álvarez et al., 2021), leading puma's individuals to potential ecological traps (see Section General Conclusion). Finally, it could be interesting to analyze if the global phenomenon of “abandoning rural areas” (World Bank, 2019) could be increasing sightings of pumas in urban environments as an indirect measure of puma's local populations recovery.



Cattle Density

The puma events occurred mainly in areas with higher densities of cattle. The main countries that contribute to the cattle breeding industry in Latin America are Argentina, Brazil, Mexico, and Colombia (Montaldo et al., 2012). In these countries, most of the logging activities were aimed to replace natural habitats to create pastures for cattle (Cheleuitte-Nieves et al., 2020), generating negative effects on the environment, such as loss of biodiversity, resource degradation, increased emissions of trace, and greenhouse gases (Cheleuitte-Nieves et al., 2020). Thus, in areas with cattle density we will be expecting degraded habitat. In Latin America, cattle density is almost null in the tropical rain forest of Amazonia while in the central-east of Argentina, east of Brazil, northern regions of South America, and most of Central America, it is much higher (Robinson et al., 2014). Cattle have been recognized, across the American continent, as potential prey for pumas (Guerisoli et al., 2020), thus it is not surprising that puma events could be related to the presence of this domestic prey. Still, cattle are spatially distributed in degraded areas, whereas wild prey of pumas could present a limited availability, thus this feline could be either exploring those areas searching for alternative food sources (e.g., cattle) or using those areas as migratory routes toward areas with less altered environments.



Sky Brightness

In recent decades, an increase in artificial nightlight reached 25% of the global land area (Ditmer et al., 2021), with possible ecological consequences for species with nocturnal habits, such as the puma, that developed most of its activities during the crepuscular/nocturnal hours (e.g., Soria-Díaz et al., 2016; Azevedo et al., 2018; Guerisoli et al., 2019). The response of mammals to nightlight differs among taxa and to several determinants, such as type of habitat (Pratas-Santiago et al., 2017). In this work, “Sky Brightness” was not only important individually, but in the presence of other variables as well, affecting the occurrence of pumas in urban environments. Most of the puma events occurred in areas characterized by values of artificial brightness of, ~0.55 mcd/cm2. This value means that in 1 m2 we will have 5.5 candles illuminating the scene. However, at higher values of Sky Brightness, the amount of puma records decreased, which could be explained by the absence of prey as well as a response of predation risk (see Pratas-Santiago et al., 2017). In the darkest locations, light is one of the main drivers of puma activity, particularly in those sites with deer predation (Ditmer et al., 2021). It is known that nocturnal luminosity, derived from moonlight, facilitates the efficiency of foraging behavior in predators (Prugh and Golden, 2014). Still, there is no study investigating if the moonlight intensity could be similar to some levels of artificial light. Although pumas and deer select sites with elevated light when surrounding radiance levels are low, but in sites with elevated artificial lights, pumas and their prey avoid light exposure (Ditmer et al., 2021).





GENERAL CONCLUSION

We found an increasing amount of puma events during the last decade, particularly during the year of maximum restrictions due to the COVID-19 pandemic. Brazil presented the highest amount of records, and these were characterized by high human density areas, and also by having the highest amount of translocated animals. On the other hand, Argentina was the second country according to events, but these were more related to low human density areas, and by less translocation events. We believe that the difference in type of events could be related to the different human population patterns of both countries. Brazil seems to have a clearer and simpler legislation regarding wildlife, allowing more quantity and more successful translocation events. This seems to be an important effort given the conservation status of the species in the country (Vulnerable, de Azevedo et al., 2013). Clearly, in Argentina, a proper legal frame for the translocation of wildlife is needed. Although in this country, the species is considered a Least Concern, local populations are thought to be suffering retractions due to lethal methods and expansion of agroecosystems (De Angelo et al., 2019). The large amount of adult individuals related to pumas in urban events could indicate an older-age population structure, but this needs to be further tested. However, in such a widely distributed species that reside in both high and low quality habitats, the matrix of fragmentation due to urbanization growth might become an “ecological trap” (Gates and Gysel, 1978; see Lamb et al., 2017 for Ursus arctos; van der Meer et al., 2014 for Lycaon pictus). Meaning, in drastically modified habitats, species might choose poor-quality habitats over available higher-quality habitats (Weldon and Haddad, 2005). Clearly, future lines of research to better understand this ongoing process should be focused on unraveling the population dynamics and habitat preference of puma.
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Human density
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Presence

Mean

4.26
2,151.68

1,272.95
2317.21
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1.61
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117.45
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32

0.29

0.26

0.05

031

001

p-value

<0.001

<0.001

<0.001

0.0745
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Record, presence/absence of puma events; Mean, mean value per each variable; F,
F-value; R?, percentage of variation in the response that is explained by the model.
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Full average
Intercept

Sky brightness
Human density
Cattle density
Goats density
Condition average
Intercept

Sky brightness
Hurman density
Cattle density
Goats density

Std. Error; standardize error; Adjusted SE, adjusted standardize errc

Estimate

99.93598
187.07088
0.01463
0.07071
0.01787

99.93598
187.07088
0.08257
0.23713
0.14852

Std error

26.92665
49.07013
0.02464
0.18886
0.11494

26.92665
49.07013
0.0277
0.28311
0.30066

value, statistical test Wald.

Adjusted SE

27.01739
49.23633
0.0247
0.18932
0.1183

27.01739
49.23633
0.02781
0.28414
0.3018

z-value

3.699
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0.374
0.165

3.699
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1471
0.835
0.492

p-value

0.000216
0.000145
0.65363
0.708771
0.876833

0.000216
0.000145
024144
0.40397
0.62265
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