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Up to now, the processes of domestication of urban landscapes have been little studied. The public green spaces in the city of Bariloche, an enclave with growing urbanization which lies within the Andino Norpatagonica Biosphere Reserve, offer an opportunity to evaluate cultural molding of the environment. We analyzed different management methods of woody species, both in situ and ex situ, in parks located in sectors with different environmental, socioeconomic, size, age and administration characteristics. Our hypotheses were: (1) Species richness will be higher for exotic plants, in accordance with global patterns of ornamental species selection. (2) Species richness and type of management practice will vary according to the kind of environment, the socioeconomic profile of the neighborhood, the age and size of the park, and type of administration (bottom-up or top-down). (3) Bottom-up park administration will lead to a different landscape than top-down administration. Thirty randomly selected parks of both local council and neighborhood administration and varying environmental and socioeconomic conditions were examined and the composition of their woody species identified. In addition, semi-structured and free interviews were carried out with those responsible for park management, both in situ (tolerance, enhancement, protection) and ex situ (sowing, use of cuttings or transplanting). In accordance with our hypothesis, the processes of domestication of the urban landscape show a tendency toward an anthropized diversity of 130 species, mainly exotic in origin (72%), and principally from the Holarctic region (67%). However, multinomial logistic analysis revealed that in parks under neighborhood administration tolerance of native species is higher (13 times) than in parks administrated by the local council. Species richness increases along an environmental and socioeconomic gradient, and with the age of parks, but does not vary with size. We conclude that urban parks are constructed cultural niches which, as in an agroforestry system, are scenarios which reveal processes of incipient domestication that reflect different cosmovisions and drivers typical of multicultural contexts.
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INTRODUCTION

Human beings have been the principal drivers of change in the earth's ecological systems since the Holocene, 10,000 years ago (Smith and Zeder, 2013; Zeder, 2015). Molding of landscapes and domestication of plants and animals are some of the most important humanization processes (Kareiva et al., 2007). Due to the fact that the world population is concentrated in cities, these environments are currently the focus of particular interest (Pataki, 2015).

Cities are often described as new ecosystems or “novel ecosystems,” since there were no analogous natural ecosystems previous to human population (Hobbs et al., 2006), and they are even called “novel biomes” (Pincetl, 2016). These urban ecosystems contain microenvironments and biological ensembles (such as urban parks), which in contrast to natural remnant ecosystems are constructed and designed by their inhabitants (Grimm et al., 2000). Urban vegetation is unique in that it consists of new assemblages of native and exotic tree species influenced by the biophysical conditions of the site, such as climatic factors, and also human drivers such as management or planting preferences (Aronson et al., 2015).

Urban parks can be seen as landscapes that synthesize the multiple interests (material, symbolic, emotional, etc.) of urban societies with their plant surroundings. They are essential spaces in the lives of city dwellers for various reasons, whether ecological, sociocultural or scenic (Finol, 2005; Tella and Potocko, 2009). Parks which have vegetation as a basic element of their composition can be defined as “green spaces,” that is, public spaces which, due to the presence of plants, contribute to the wellbeing of their users and provide optimal conditions for sports or games, relaxation and rest (Saillard, 1962; Rodríguez-Laredo, 2008; Linhares de Souza et al., 2012). These spaces also have a role to play in the ecosystem, since they can act as a reservoir of biodiversity and wildlife (Ladio and Damascos, 2000; Rudd et al., 2002; McKinney, 2006; Nagendra and Gopal, 2011), as biological corridors facilitating connectivity with nearby conservation units (Rudd et al., 2002; Rovere and Molares, 2012), and as water flow regulators (Tella and Potocko, 2009; Argañaraz and Lorenz, 2010). Their role is currently so significant that the presence of a number of parks in a city is included as one of the principal indicators of urban habitability (Van Herzele and Wiedemann, 2003).

Even though parks have been managed in different ways to favor the wellbeing of those who use them for diverse reasons (Rozzi et al., 2003; Luck et al., 2009), they have been little studied using an ethnoecological approach. From this perspective we consider as management practices those actions which lead to the maintenance of, or even increase in, the biodiversity or abundance of plant species in an area, in such a way that their sustainability over time is favored (Berkes and Davidson-Hunt, 2006; Moreno-Calles et al., 2010). The domestication of species and landscapes is a particularly important consequence of the management of species of interest, and also those of no interest, given that they are often eliminated. In the case of species of interest, a process is carried out through artificial selection whereby humans choose individuals with certain heritable characteristics, which modifies the genetic, morphological and functional composition of the populations (Casas et al., 2014, 2016). Specifically, this incipient domestication process refers to a state that depends on the level of management intensity of plant populations, where the average phenotype of the selected character is maintained within the range of variation found under natural conditions (Clement, 1999).

These interventions, transformations or decisions regarding the elements and functional processes of natural or artificial systems have explicit socio-cultural objectives (Casas et al., 2014). According to current thinking, these practices are linked to the idea of niche construction (Zeder, 2015), a process through which organisms, by means of their activities and options, modify their own niches in order to transform the pressure of natural selection. This concept is particularly pertinent in the case of humanization processes, where considerable environmental modification is occasioned through cultural practices (Laland and O'Brien, 2011; Smith, 2011).

Casas et al. (1996) have identified different landscape management practices; in situ, which are carried out within the distribution area of the plant species, and ex situ, in sites where a species is not normally found. The first case includes situations where different components, whether native or exotic flora, are tolerated and allowed to grow, or are protected, particularly from frost and/or pests, or are weeded and pruned to favor flowering or fruiting, amongst other cultural care practices (González-Insuasti and Caballero, 2007; Eyssartier et al., 2011; Moreno-Calles et al., 2012; Parra et al., 2012). In ex situ management, on the other hand, plants may be specially cultivated by seed, cuttings and/or seedlings (Blancas et al., 2010; Duque-Brasil et al., 2011) obtained from wild areas (Eyssartier et al., 2011; Moreno-Calles et al., 2012; Parra et al., 2012), plant nurseries and/or nearby gardens.

Urban flora has been studied from different points of view, but principally from the perspective of urban ecology. It has been found, for example, that socio-economic and environmental drivers are important in determining patterns of urban plant richness (Luck et al., 2009; Avolio et al., 2015); for example, proprietors' incomes correlate positively with plant richness—a relationship which has been defined as the “luxury effect” (Hope et al., 2003). Urban flora can thus be considered as a mosaic of small, public or private plots or patches along social and environmental gradients, such that each plot has its own set of drivers, and is molded by the kind of management or administration it is subject to Avolio et al. (2015).

Analysis of changes or the impact of urbanization on local ecosystems has been related to socioeconomic (e.g., income, level of education) and/or environmental (e.g., precipitation, soil fertility) drivers (Luck et al., 2009; Avolio et al., 2015). Plurality of owners and custody types, for example of urban parks, can therefore contribute enormously to the diversity of management styles of the vegetation, thus influencing the structure, composition and distribution of plant communities throughout the urban landscape (Avolio et al., 2016). For example, decisions on management may be top down, like those imposed by planning guides, conservation obligations or owners' associations, or they can be bottom-up, such as those carried out by individuals hired to manage the space, local groups of friends or individual residents and garden owners (Kendal et al., 2012).

Preliminary studies show that the selection of plant species for green spaces in cities is not a random process, but depends rather on decisions taken principally by municipal governments (Informe Ambiental Annual, 2008; Tella and Potocko, 2009; Rovere et al., 2013). However, those using the spaces often participate as principal actors, individually or collectively, whether representing neighborhood initiatives, NGOs, societies or institutions, public or private, and they also play a significant role in the conformation, care and use of these spaces. This landscape, therefore, is created and recreated by urban dwellers under different forms of custody, following diverse motives that may be sociocultural, economic, conservationist and/or symbolic in nature, amongst others (Rovere et al., 2013).

It has been found that there are global selection patterns for ornamental plants, to guide societies, principally in temperate areas, with the result that their flowers are very similar to each other, and are dominated by the Rosaceae and Asteraceae families (Rovere et al., 2013). Added to this are cultural forces, such as the desire to imitate landscape criteria used in northern hemisphere countries, a phenomenon observed, for example, in the creation of different Patagonian cities in Chile and Argentina, generating a selection by inhabitants that is oriented toward exotic species (Rozzi et al., 2003; Rovere et al., 2013).

Characterization of the use of urban spaces, in this case urban parks, is complex and dynamic, and involves numerous factors that could determine detectable gradients (Juri and Chani, 2005). In this sense, urban green spaces could be scenarios where, through the action of their inhabitants, the horizontal and vertical diversification of species in the landscape is enriched, or simply where small patches of native plants from the surrounding area are conserved (Ospina-Ante, 2003). The function and ecological sustainability of urban landscapes is strongly influenced by the composition and structure of the local plant community (Threlfall et al., 2016). However, they may also be a source of propagules of invasive species which can cause serious environmental and economic damage (Ladio and Damascos, 2000; Rovere and Molares, 2012; Rovere et al., 2013). The detailed study of practices, selection and maintenance of species in urban parks is therefore of considerable importance in terms of conservation, as well as contributing to reflection on the role of humans in the construction of this kind of niche.

This particular study was carried out in the city of San Carlos de Bariloche, situated within the Andino Norpatagonica Biosphere Reserve (UNESCO, 2010). The urbanization of this enclave is relatively new and in the process of growth, although with certain commitment in terms of conservation due to its situation within a nature reserve, which gives us an opportunity to evaluate the cultural molding of this environment due to human action. Our objectives were: to analyze species composition and different management methods in situ and ex situ of woody species in parks of San Carlos de Bariloche. The parks are distributed in sectors with environmental, socioeconomic, size, age, and management (bottom-up vs. top-down) differences. The principal hypotheses were: (1) Species richness will be greater for exotic species, in accordance with global selection patterns for ornamental species (2) Species richness and type of management practice will vary according to the environmental category, socioeconomic profile of the neighborhood, age and size of the park and type of administration (3) Bottom-up administration of parks will lead to a different landscape than top-down administration in San Carlos de Bariloche.

METHODS

Study Location and Data Collection

This study was carried out in the city of San Carlos de Bariloche (41°08′S and 71°18′W), in the northwest of Argentine Patagonia (Rio Negro province). The city is situated in an Andean Patagonian forest environment that lies within the limits of Nahuel Huapi National Park. The city extends 45 km, (the widest extension in the country) and covers a total surface area of 22,376 ha. The west-east gradient is very marked, principally due to a decrease in precipitation caused by the orographic effect of the Andes. Climate in the region is temperate-cold and humid, with a Mediterranean-like precipitation regime, with rains and snow principally in winter. The city, founded in 1902, has a population of 133,500 inhabitants (INDEC, 2010). The community is pluricultural, with Mapuche inhabitants (the principal indigenous group of Patagonia), European immigrants and new immigrants from other urban areas of the country. Tourism is the main economic activity (Chebez, 2005). A large part of the city adjoins native forest or is situated within small isolated wooded areas with different levels of anthropic disturbance, while other neighborhoods lie within the forest-steppe ecotone (Dzendoletas et al., 2006).

There are many parks distributed throughout the urban territory, constructed by different organizations, of different sizes, age, and types of management and administration. This study was carried out in different stages: firstly, an inventory was made of the woody species present in 30 parks within the city area (Figure 1), and secondly, participant observation and interviews were carried out.
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FIGURE 1. Location of the study sites within Bariloche city, showing urban parks with bottom-up administration (circle) and top-down administration (triangle).



Composition of the Vegetation

Identification of the woody flora was carried out during January and February of 2015, and from October 2015 to January of 2016, which correspond to spring and summer in the southern hemisphere, in order to find the highest possible number of species bearing flowers or fruit, since this aids identification. The botanical determination followed Correa (1971, 1984, 1988) and Dimitri (1977, 1978). All scientific names were updated using databases of the Instituto Darwinion (Zuloaga et al., 2008) and the Missouri Botanical Garden (www.tropicos.org). Plant specimens were placed in the Ecotono-University of Comahue herbarium. For each park, the name, size, geographical location, height, species composition and richness were recorded. Using the Instituto Darwinion and Missouri Botanical Garden databases, the botanical family each species belonged to was registered, plus its biogeographical origin (native or exotic). We considered a species as native if its natural distribution was found within Argentina, whereas those which arrived in the country accidentally or intentionally were considered exotic species (Zuloaga et al., 2008). The biogeographic kingdoms of origin of the species (Holarctic, Paleotropical, Neotropical, Cape, Australian, or Antarctic) were determined by consulting bibliographical sources.

Ethnoecological Field Methods

Firstly, the consent of participants was obtained according to the Society of Ethnobiology Code of Ethics guidelines (ISE, 2006). The work was based on participant observation in the parks and personal interviews with key informants, preferably those either completely or partly in charge of managing these spaces. The key informants were specialists who had knowledge and experience of the practice in question (Albuquerque et al., 2010).

Special emphasis was placed on getting to know the people who actually looked after the parks, recording whether they were council employees, employees hired by the neighborhood committees or residents from the surrounding areas. Each of these individuals was consulted as to their responsibility regarding selection of the plants used, the criteria and type of management, age of the park, and type of administration. All this information was validated through participant and non-participant observation (compilation of records, photographs, articles, etc.) so as to become well informed as to the use of these spaces (Höft et al., 1999; Albuquerque et al., 2014).

Age and type of Administration

With regard to age of the parks, 6 categories were used: from 1-10 years old (1), 10-20 (2), 20-30 (3), 30-40 (4), 40-50 (5), and over 50 years (6). For analysis of the type of administration, based on the interviews carried out and journalistic and council information, the administration types were classified as council (top-down) and neighborhood (bottom-up). The first corresponds to spaces maintained exclusively by squads of personnel from the Council Parks and Gardens department, while the parks with neighborhood management are administered and maintained by members of associations or neighborhood committees (either the members themselves or hired workers) and residents of the area.

Environmental and Socio-Economic Gradient

Categories were established for the environmental conditions where the parks are situated. These categories were based on previous knowledge and observation of each space, taking into account factors such as exposure to wind, precipitation and soil characteristics, which form part of the biophysical characterization of other, similar studies (Luck et al., 2009; Avolio et al., 2015). Values from 1 to 4 were established, based on the level of environmental stress, where (1) is high, with direct exposure to strong winds, precipitation at the low end of the range for the area (less than 800 mm annually) and poor soil; (2) is a medium to high level, characterized by considerable winds, medium to low precipitation (800–1,000 mm) and rather stony soil; (3) is medium to low, grouping sites with relatively low wind exposure, medium to high precipitation (1,000–1,400 mm) and soil which is less than favorable; finally, (4) represents low environmental stress, with low wind exposure, high levels of precipitation (1,400–2,000 mm) and fertile soils rich in organic material. The characteristics of wind exposure, precipitation and soil type were obtained from Dzendoletas et al. (2006) and Pereyra (2007).

The different socioeconomic levels of the city parks were also classified into categories, thus establishing possible socioeconomic gradients. To this end we considered the grouping carried out in 2009 and 2013, presented in reports from the Regional Studies Centre of the Universidad Fasta in Bariloche, in which socioeconomic categories were drawn up from information obtained through cadastral surveys in different neighborhoods of the city. This information was cross-checked with the income of the active working population and the value of the basic food basket, thus obtaining the following classification: low class, corresponding to the sector of the population whose income is no more than U$S 980 per month; lower middle class, with an income of between U$S 980 and U$S 1,230; mid-middle class with U$S 1,230 - U$S 2,430; upper middle class with an income of U$S 2,430 to U$S 2,700; and finally, upper class, with salaries over U$S 2,700. Following the criteria detailed above, each park was assigned one of the following categories: low class (1), lower middle class (2), mid-middle class (3), upper middle class (4) or upper class (5).

Management Practices

For analysis of management methods and cultural care, Casas et al. (1996) were followed, whose categories are based on consideration of the different human interventions in the landscape, divided into: in situ and ex situ. Management in situ refers to interactions carried out within the space occupied by the plant species and can be grouped as follows: tolerance (the vegetation established prior to human intervention is maintained in the space), enhancement (seeks to increase the population density of plants, an example being irrigation) and protection (refers to actions such as elimination of competing or predatory species, application of fertilizers, pruning, protection against frost, the use of stakes, etc.). In contrast, ex situ methods include human-plant interactions that take place outside the areas normally occupied by a plant species; these are habitats created and controlled by humans. Two classes are distinguished: the sowing of seeds or planting of cuttings (artificial propagation of reproductive or vegetative structures) and transplanting (the movement of complete individuals from natural sites or other humanized spaces, such as plant nurseries). This information was obtained during interviews with those in charge of maintenance and/or participant observation. A questionnaire was used to identify the different actions taken in relation to the species and the selection processes of the flora, and questions were asked about the design and maintenance work carried out in each park. This information was verified through direct observation of the cultural care currently in force and the richness of species established in each park, and was then entered in a database. The presence or absence of different practices was classified for each park as 1 or 0, respectively.

Data Analysis

Quali-quantitative analysis of the ethnoecological data was carried out (Albuquerque et al., 2014). Due to the categorical nature of the data, the analyses were principally non-parametric and multinomial logistics, using the SPSS 23 package for Windows. Species richness was calculated per park and for all the parks studied; the number of native and exotic species was also determined, as well as the richness of botanical families per park and in total (Test Binomial and X2, p < 0.05; Conover, 1971). The mean richness of species per park was compared for exotics and natives (Mann-Whitney, p < 0.05). The degree of invasion (DI) per park was compared under different management types (Mann-Whitney, p < 0.05), considering (DI) as the following:
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In addition, a Poisson regression analysis was performed in order to evaluate relationships between exotic and native species for each type of administration (top-down and bottom-up). The relation between total species richness, the number of native and exotic species, and the area and age of the parks was evaluated (Spearman Correlation, p < 0.05; Höft et al., 1999). The use consensus or cultural importance (CI) index, frequently used for analysis of ornamental species (Rovere et al., 2013), was calculated for the species and/or families (Ladio and Lozada, 2008; Molares and Ladio, 2009):
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The Spearman correlation test (p < 0.05) was used to evaluate the association between total richness, including native and exotic species, and the categories describing the different environmental and socioeconomic conditions. Parks with bottom-up administration were compared with top-down (council) in terms of total species richness, richness of native and exotic species, and that of botanical families (X2, p < 0.05; Conover, 1971). In addition, similarity in species composition—native, exotic and total (native plus exotic) was analyzed using the Jaccard index (IJ)
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where c is the number of species common to both types of management, a is the number of species present in only one of the management categories and b is the number of species present in only the other type of management (Höft et al., 1999).

In addition, a multinomial logistic regression analysis was carried out with the SPSS 23.0® program in order to obtain a model which describes how the probability of different management types varied with the type of administration, bottom-up or top-down (dependent categorical variable; Agresti, 1996; Chan, 2005). Thus, the algebraic model was ln p/1-p = β0 + β1 tolerance + β2 enhancement + β3 protection+ β4 sowing + β5 transplanting, where p/1-p is the odds ratio; i.e., the probability that an event will happen in relation to the probability it will not. In this kind of regression, the tendencies are established according to the categories for comparison (in this case, the category bottom-up). The model allows us to see the impact of each of the factors in terms of controlling the other factors, and so the probability of each event occurring can be established. The model we found was significant (p < 0.05), with a high goodness of fit measure (Pearson and Deviance indices, p > 0.05). The calculations of the odds ratios (i.e., the probability of an event happening) were done by means of ebeta = Exp (beta) (Agresti, 1996; Chan, 2005).

RESULTS

Vegetation Composition

As expected, considering global patterns in relation to useful plants, a total richness of 130 species was registered (Supplementary Table 1), of which 72% were exotic and 28% native species (Binomial test, p < 0.05). These plants belong to 36 botanical families. We also found that mean exotic richness is significantly higher than for native species (Mann-Whitney test, U: 233, p < 0.05, Figure 2). However, no significant differences were found in degree of invasion (DI) between the different types of management (Mann-Whitney test, U: 69, p = 0.57). No relationship was found between richness of native and exotic plants for bottom-up (r2 = 0.01; p = 0.708) or top-down (r2 = 0.36; p = 0.157) administration (Figure 3). The majority of plants present were identified to species level, except for 3 unidentified specimens, some other specimens which belonged to the Picea, Prunus, and Pyrus genera, some belonging to the Cupressaceae family and those belonging to the genus Rosa (except Rosa rubiginosa). The most frequently represented botanical families in the parks were Rosaceae (93%) and Pinaceae (70%) (Figure 4). The species with the highest CI were the native Maytenus boaria (57), the exotic Cytisus scoparius (53), Sorbus aucuparia (47), Betula pendula (43), Rosa sp. (43), the native Schinus patagonicus (43) and the exotic Prunus cerasifera (40) (Supplementary Table 1).


[image: image]

FIGURE 2. Comparison of the biogeographical origin of plants found in urban parks of Bariloche. Boxes represent the interquartile range which contains 50% of the data. The black line within the boxes indicates the average, and the bars represent standard deviation (DS). Outliers are identified by black circle.
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FIGURE 3. Relationships between native and exotic plant richness in parks with top-down administration (black triangle) and bottom-up administration (white triangle).
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FIGURE 4. Botanical families present in the parks of Bariloche, in order according to the CI index.



With regard to the biogeographical kingdom of origin of the species, 68% come from the Holarctic, 29% from the Antarctic, 9% from the Paleotropical, and 5% from the Neotropical kingdom (Supplementary Table 1). No species were identified in this case from the Cape or Australian kingdoms.

Richness in Relation to Age and Size

The parks studied range in size from 804 to 21,592 m2, 4676 (±4601) m2 being the average size. A positive relationship was observed between the area of the park, total species richness and exotic species richness (p < 0.05; r = 0.455; r = 0.534 respectively). Furthermore, total richness and exotic species richness were found to be positively correlated with the age of the park (p < 0.05; r = 0.644; r = 0.675 respectively). No significant correlation was found between the number of native species and the area or age of the park (p = 0.0820; r = −0.043 and p = 0.924; r = 0.018 respectively).

Richness across the Environmental and Socioeconomic Gradients

The total species richness of parks was found to increase with the more favorable categories in both environmental (r = 0.418, p < 0.05) and socioeconomic (r = 0.636, p < 0.05) terms. In addition, richness of both native and exotic species increased with the socioeconomic gradient category r = 0.453, p < 0.05, r = 0.496, p < 0.05 respectively). When considering the environmental gradient, no relation was found between this and the number of native species (r = 0.252, p = 0.18), or exotic species (r = 0.217, p = 0.250).

Bottom-Up vs. Top-Down Administration and Management Practices

The management systems of the parks in Bariloche fall into 5 categories (both ex situ and in situ), the most frequent being protection (87%), transplanting (87%), tolerance (60%), and enhancement (60%). Cases of seed sowing in parks were not registered in this work. In the case of protection, the activities recorded were staking (33% of the total number of parks) and pruning (77% of all parks).

Most parks (23, 77%) are neighborhood-run (bottom-up), and are spaces whose maintenance is carried out by members of the corresponding neighborhood committees, associations or individual residents. Seven parks (23%) are top-down managed, in the charge of squads from the Parks and Gardens department of Bariloche Local Council. The council-run parks hold 79 species in total, of which most are exotic (78%). In the neighborhood parks, on the other hand, 99 species were found, of which 65% were exotic and 35% native. Comparing the council-run (top-down) and neighborhood-run (bottom-up) parks, it was found that the former had significantly higher total richness (Mann-Whitney test, U: 39, p < 0.05, Figure 5) and exotic species richness (Mann-Whitney test, U: 31, p < 0.05, Figure 5). No significant differences were found in the number of native species (Mann-Whitney test, U: 79, p = 0.962), or in the area covered by the green spaces (Mann-Whitney test, U: 56, p = 0.245) when the two types of management were compared. Total species similarity for the two types was 36% (IJ), for native species 46% (IJ), and for exotic species 32% (IJ).


[image: image]

FIGURE 5. Comparison of parks with council and neighborhood administration in terms of richness of native species, exotic species and total richness. The boxes represent the interquartile range which contains 50% of the data. The black line within the boxes indicates the average and the bars represent standard deviation (DS).



As expected, the parks with bottom-up administration apply different management practices than the top-down administration. In the council administrated (top-down) parks, the most frequent practices are transplanting, enhancement and the planting of cuttings (Figure 6). The practices of protection, enhancement and transplanting, however, are more frequent in the neighborhood parks (bottom-up). The practice of protection is markedly similar in both park types (X2 = 0.007, p = 0.933, Figure 6). In the council parks the only means of protection registered is pruning, whereas in the neighborhood parks pruning was registered (74%), but also the use of stakes (43%).
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FIGURE 6. Spider Chart showing the different forms of management (transplanting, planting of cuttings, protection, enhancement, and tolerance) registered in parks with neighborhood (bottom-up) and council administration (top-down). The solid lines correspond to top-down and the dashed lines to bottom-up administration.



Similarly, no significant differences were found between council and neighborhood parks for the practices of transplanting (X2 = 1.405, p = 0.236) or enhancement, which includes irrigation and removal of competing species (X2 = 2.516, p = 0.113). In the neighborhood parks both irrigation and removal of competing species were registered, while in the council parks only irrigation was carried out. This occurs because the latter have areas covered by lawn, and so the appearance of other woody species is unlikely. Park irrigation is generally carried out by the residents/those in charge, by hand, with water being provided either from the park itself, outside sources (e.g., a house), or spray irrigation systems. Irrigation is used in 86% of council and 39% of neighborhood parks. As to the removal of competitive species, in this work the extraction of two exotic invasive species was registered—retama (Cytisus scoparius) and rosa mosqueta (Rosa rubiginosa)—in 5 neighborhood parks (3 of which had no irrigation). The practice of tolerance is significantly higher in bottom-up managed parks than in top-down ones (Binominal Test, p < 0.05), while the planting of cuttings is more frequent in council parks, where pruning remains are taken advantage of, thus reducing the need to purchase plants (Binomial Test, p < 0.05).

The practice of protection is similar in both types of park, although in the case of council administration this percentage represents pruning carried out to prevent branches breaking due to the weight of snow in winter. No staking, however, was registered in these parks, since they are older than the other ones in the city, and the plants are therefore adult specimens. In contrast, the neighborhood parks use the protection techniques of pruning and staking; the presence of stakes indicates that there are much younger plant specimens here. In relation to transplanting, no significant differences were found between the two types of park, although there was a tendency for this to be more common in council parks, given the high proportion of Rosas sp introduced through cuttings—these are in fact the only species to be introduced in this way.

The multinomial logistic regression model (Table 1) confirms the tendency mentioned above, considering all the factors together. The results show that although there are variations in forms of management depending on who is in charge of maintaining the parks, only tolerance differs significantly in the presence of the other forms of management (Table 1), being 13 times greater in neighborhood parks than in council ones (β = 2.583).


Table 1. Multinomial logistic regression model, considering type of administration as dependent variable. The presence or absence of management practices (tolerance, enhancement, protection, planting of cuttings and transplanting) was considered the independent variable.
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DISCUSSION

The Total Species Richness of Parks in Bariloche Reflects a Europeanizing Cosmovision

In agreement with our first hypothesis, the species richness of parks in Bariloche is mainly composed of exotic species (78%), an aspect which appears to be shared with other parks worldwide (Nagendra and Gopal, 2011; Linhares de Souza et al., 2012; Kowarik et al., 2013). The species found in Bariloche parks are common in local urban flora (Damascos et al., 1999) and in parks and public spaces throughout Argentina (Alvarez et al., 2009). In line with this, in terms of ornamental plant availability in local and regional plant nurseries, exotic species predominate over native ones. This could be a consequence of lack of knowledge of native plants or the techniques required for their cultivation, and also the preferences mentioned previously. In addition, exotic flora often present more rapid growth than many native species, and reproduce very well through vegetative propagation, and at a low cost Rosa, Cotoñaster, Photinia, Ligustrum, etc.). These plants are very attractive, both to tourists and residents, due to their diversity and contrasting leaf colors, and the size of their fruit and flowers.

Nevertheless, the exotic species used for ornamental purposes do present disadvantages in terms of cultural care, since they often require fertilizing, protection from frost, and more frequent watering. Their major impact, however, is doubtless their naturalization and invasion of ecosystems (Rovere et al., 2015). Native species, in contrast, have developed in the area and generally require less cultural care. They have co-evolved with pollinators and dispersers, and are very important for biodiversity. Native species form part of the local biocultural heritage, and so their diffusion not only helps to preserve natural ecosystems, minimizing the spread of exotic species, but also promotes appreciation of and respect for the local biocultural system.

The total richness of woody species registered in Bariloche parks (130 species), is similar in number to the ornamental woody species (137) used for hedging in eight Patagonian cities, including Bariloche (Rovere et al., 2013). These two situations reflect similarity in the value placed on exotic plants as environmental assets of cultural importance, and reveal processes of construction of an anthropized landscape that have prioritized the showy species of Eurasia. Most species found in Bariloche parks correspond to the Holarctic biogeographical kingdom (68%), following this tendency. This result coincides with the findings of Rozzi et al. (2003) in their analysis of native and exotic trees in the parks of Magallanes, in the south of Chile, where between 70 and 100% of the species are of European or North American origin.

It is important to note that the parks in Bariloche, of both administration types, are mainly used by local children and young people, while the top down parks are more frequently visited by tourists, given that they are mainly located in the downtown area. Nonetheless, we found no evidence to suggest that the preferences of tourists are considered by those who take care of the parks; decisions are made according to the particularities and preferences of local management.

Our results demonstrate in these landscapes the projection of conceptions and values of the hegemonic cultures which dominate the market, with species mainly from the northern hemisphere. In agreement with Rovere et al. (2013) in the case of hedges, the preferences of the first Swiss, German, and Austrian immigrants have been strongly expressed in the city's parks, reproducing the “Argentine Switzerland” idea of landscape domestication.

The values found here for total richness indirectly show a set of actions over time, from the foundation of the city 115 years ago, which has molded the urban vegetation and favored certain plants over others. Based on a Eurocentric conception that what is most beautiful and valuable comes from that region, native biological and cultural diversity has been underestimated and undervalued (Rozzi et al., 2003; Roger et al., 2014). Where the city of San Carlos de Bariloche lies today, there lived indigenous Mapuche communities which were decimated during the Desert Campaign organized by the Argentine Government at the end of the nineteenth century (Moyano, 2017), and so all the biocultural richness of this region was also decimated and discriminated against.

Nevertheless, this bias in the domestication of park vegetation toward the construction of landscapes that are very distant from the native forests of the region, seems to have been undergoing a process of change in recent times. This is due to multiple factors rooted in changes occurring in the cosmovision of urban society, now moving toward its own ideas of conservationism. Although no indirect relation was found between the age of the parks and native plant richness, we did demonstrate a luxury effect in relation to native plants, such that parks situated in neighborhoods with higher socioeconomic levels are associated with higher native plant richness. The neighborhood-administrated parks, generally newer, have 13 times greater probability of finding practices of tolerance, evidencing greater interest in native plants.

It is to be expected that the presence of almost 30% species of Antarctic origin in urban parks of Bariloche will increase in the future, especially with the spread of conservationist ideas on native flora, due to the mass media and environmental education programs in schools of the region. The temperate forest area of Argentina and Chile is home to many attractive, ornamental native species, which in fact are used in other parks and gardens around the world (Puntieri and Grosfeld, 2009). Historical records reflect patterns of colonialism in Patagonian urban flora, which has already been pointed out by Rapoport (1988) and reveals how profound processes of cultural domination markedly mold the landscapes, even those used for recreation.

The parks in San Carlos de Bariloche therefore constitute a model to be followed, in terms of species selection and management, at both regional and national levels. Even though exotic species still predominate, the parks are slowly being enriched with ornamental species from the temperate forest, and local residents are becoming involved in the care of these parks.

Incipient Domestication of Native Plants?

Although more research is required, our work enables us to assert that the different management practices and the use of some native ornamental species, as well as exotic species, reflect processes of incipient domestication processes in urban plots. For example, the native tree species Maytenus boaria, of great cultural importance in Bariloche parks and subjected to different practices of tolerance, protection and enhancement, is a case worthy of future study. This species is also the most frequently used for hedging, according to a study carried out in 8 Andean Patagonian cities (Rovere et al., 2013). It is a perennial tree with numerous uses (Rapoport et al., 2001), which tolerates constant pruning of its foliage in the maintenance of hedges and parks, and thermal protection due to urbanization. It has a high capacity for post-disturbance regeneration (Damascos et al., 1999) and its seeds are dispersed by urban birds (Amico and Aizen, 2005), attributes which confer a great adaptive capacity, therefore ideal for domestication.

This case shows how domestication is a collective process, with fluctuations in progress over time. Further research along these lines could be carried out to determine the genetic variability of native species growing in urban environments in comparison with those found in the surrounding wild areas.

It should be pointed out that the parks of Patagonia are important spaces for the conservation of our patrimony, both natural and cultural (Rozzi et al., 2003); they can contribute to the conservation of endemic and/or endangered species, where domestication takes on added value in terms of conservation of biodiversity.

The Largest, Oldest Parks Hold More Anthropized Exotic Vegetation

The average area of Bariloche parks is highly variable (4,676 ± 4,601 m2), but in comparison with a study carried out on 22 parks in the city of Aracaju (Brazil), the area occupied by each park is significantly less (Linhares de Souza et al., 2012), revealing the need to increase the number or size of parks in the city.

In accordance with our second hypothesis, and as a consequence of the reasons mentioned above, the largest and oldest parks are those which have highest species richness, particulary considering exotic species, a pattern which has been found in other parks around the world. For example, in the parks of Aracaju (Brazil), 58% of the plants are exotic species (Linhares de Souza et al., 2012). Changes in plant species have also been documented across urban gradients (Aronson et al., 2015; Threlfall et al., 2016). On analyzing the pattern of urbanization and the species richness of native and non-native woody species in the metropolitan region of New York, an urban-rural gradient was registered such that native species decrease and non-native species increase with urban coverage, and the flora is dominated by non-native species (Aronson et al., 2015), a pattern similar to that registered in the city of Berlin (Kowarik et al., 2013), and in other European cities.

In this work, however, native species richness did not vary with size or with the age of the park. Park age was not related to greater richness of native species since the older parks were designed in sectors with no vegetation, under the cosmovision of the time of their creation, and so mainly exotic species were used. Park size was not related to native species richness, but was possibly related to their abundance, given the higher density of species observed in larger parks. Since our analysis did not consider species abundance, our results are limited. Nevertheless, we can say indirectly that native plants continue to be represented in the parks due to the effects of particular sites which compensate for processes of anthropization with exotic plants, but there is probably a lower number of individuals in each of these areas.

On the other hand, the age of most Bariloche's urban parks is more than 10 years (93% of the parks), which allows us to say that the selection of exotic over native species has been prevalent in the history of Bariloche parks. Although the value of native flora is currently being given more importance, the effects of this will be seen in the medium or long term, together with an increase in new parks following a more conservationist cosmovision. In this study, in the older parks we have not seen the replacement of exotic trees with native trees; they have not been replaced because the trees are still healthy, and Bariloche society respects them as part of their tree cover. All we have seen is a woody species being eliminated if this species has been causing problems.

In general terms we can say that human activity, through management practices such as cultivation, protection, and enhancement, tends to increase the diversity of species in the zones where they are carried out (Berkes and Davidson-Hunt, 2006). In India the oldest parks have been recorded as having few large trees, but a higher diversity of species than newer or recently established parks, since the large trees are gradually replaced by trees of other, smaller species that are easier to maintain (Nagendra and Gopal, 2011). In our case, since Bariloche is a city with a short history (115 years since its foundation), these replacements have not been necessary, given that the longevity of the exotic species exceeds the age of most of the parks.

Not All Parks Are the Same: Environmental and Socio-Economic Gradients

In support of our second hypothesis, the total species richness of Bariloche's parks increases with better environmental and socioeconomic conditions. This coincides with the “luxury effect” mentioned by Hope et al. (2003). The neighborhoods with a better socioeconomic position, in general situated in the more ecologically favorable areas of the city, usually count on trained gardeners who are hired exclusively to maintain these green spaces.

Similarly, a study on urban trees in southern California found that socioeconomic situation was a more important driver than the environmental aspect, registering in general higher richness of trees in richer neighborhoods (Avolio et al., 2016). In addition, this shows that the species richness of urban trees is influenced by the preferences and perceptions of both managers and residents (Avolio et al., 2016). In our case this has a substantial effect, given that in the less environmentally and socioeconomically favorable sites, those involved in administering the parks have commented on limitations in terms of irrigation, pruning and adequate maintenance of the parks. The interviews suggest that if conditions were more favorable for maintenance of the species, the parks would be better managed and cared for than they are at present. We can therefore ensure that landscape domestication in urban parks has drivers which have been strongly established by the inequality of conditions found throughout the city.

Although we did not study in more detail whether educational level is an important factor in the tendency to change to parks with more native plants, we do not think that there is a linear relationship with the level of education. Our studies in rural areas with illiterate inhabitants always show that inhabitants value and care deeply for the environment.

Top-Down vs. Bottom-Up Park Administration

Council-run parks present higher total species and exotic species richness than neighborhood-run, but the two types of park are similar in terms of native species richness and degree of invasion. Furthermore, no relationship was found between richness of native and exotic species for each type of administration. Perhaps if species abundance (density or cover) had been considered, the effects of management would have been more evident. There is no doubt that the action of the council (as assessor or species donor) in the forestation of these green spaces is the most relevant factor in determining the composition of exotic species. The council parks, most of which are older and situated in sectors that were originally devoid of vegetation, are found ornamented mainly with foreign species. This arose mainly as a consequence of action carried out in the 1940s by the Isla Victoria National Plant Nursery (Vivero Nacional de la Isla Victoria), which formed part of the National Parks administration in its last years of existence, during which time it donated a percentage of its production to parks, public areas, schools and gardens (Vallmitjana, personal communication).

In contrast, the neighborhood parks, generally newer, had no support of this kind, and are scenarios where the practice of tolerance of some native plants are most frequent, together with the enrichment of new exotic species. One of the most interesting aspects is that native species richness does not vary between the two types of administration, probably due to the fact that both types have low richness, with high standard deviation; for example, if you compare them with forest remnants on vacant urban lots (Damascos et al., 1999). Most of the council-run parks had no woody specimens at the time of their creation, since the zone where the city now lies was converted from an agricultural colony, and the land had been totally cleared of vegetation. Therefore, the low tolerance is because there were no species to tolerate, rather it was reforested. The neighborhood-run parks, on the other hand, already had much more plant coverage at the time of their creation, which was maintained, according to informants in the interviews. This was mainly due to conservationist criteria and/or in some cases, because of a lack of economic resources to extract the plants.

In support of our third hypothesis, bottom-up park management practices are different to top-down ones, although only tolerance differs notably. It has been suggested that the increase in use of exotic species for ornamentation of hedges and gardens brings with it the need for more management practices (Rovere et al., 2015). Since the exotic plants are not adapted to the climate, they require more cultural care, generating high costs and considerable maintenance time (Ramírez-Hernández et al., 2012). In contrast, the conservation of native species calls for fewer and less frequent management practices, principally enhancement and protection, since these species are adapted to the environmental conditions (Puntieri and Grosfeld, 2009). This would explain why enhancement practices are the most frequent in neighborhood parks, conserving in situ species that form part of the Andean Patagonian forests.

CONCLUSION

Landscape domestication processes in cities respond to socio-biocultural concerns. They generate a unique molding of local biodiversity, with possible ecological and genetic effects on the species selected. In particular, the comparison of different management practices documented in the bottom-up and top-down administrations reveal certain effects caused by man (whether through action or omission) in different processes of landscape domestication, the product of their varying possibilities and circumstances. The incipient domestication of some species reflects different cosmovisions and drivers, specific to particular pluricultural contexts, which should be studied further. We conclude that urban parks are unique cultural niches which, similar to agroforest systems, are scenarios that manifest the historical processes at work in their creation, and eventual cultural domination, but also processes of biocultural change. These unique urban niches are not static, but vary with the demands and experience of a Latin American city that gradually recognizes the value of its native plants, and the value of local biocultural diversity. Niches like those in Bariloche constitute a model that helps in understanding how multiple factors mold the landscape, due mainly to changes in cosmovision. In Bariloche it seems there is a tendency to value local, native elements more highly than before. Through management, the relation between native and exotic richness in each park can be modified. In the design of new parks or maintenance of existing ones, the strategy of gradually replacing exotic species for native ones should predominate, so as to maintain, enrich and recreate native environments in the urban matrix, in line with local socio-cultural interests. We trust that this work will help to guide management decisions toward conservation of the Andino Norpatagonica Biosphere Reserve, articulating top-down and bottom-up administration.
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