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South American grasslands, socio-ecological systems used heavily for a long time, are currently experiencing dramatic land-use changes due to implementation of large-scale afforestation and agro-industrial cash crops. Applying the conceptual framework of “Multifunctional and sustainable productive landscapes” to Uruguay, we explored the impacts on rural ecosystems and communities based on a long-term monitoring network by assessing species richness of plant and terrestrial arthropods and socio-economic data from national census. We found that silvi- and agricultural industry established mainly at the expense of extensively grazed grasslands and local family farms with traditional techniques, accompanied by a deregulation of the rural labor market, depopulation and aging of rural society. Governmental nature protection efforts increase the native forest cover and establish nature protection areas focusing mainly on forests. We also discuss pathways of land-use change in recent decades and related discourses of local stakeholders.
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1. Introduction

Accelerated land-use change is a major driver of global change, and affects a sustainable use of natural resources, reduces ecosystem resilience and biodiversity, erases traditional landscapes, and jeopardizes regional diversity, coherence and local identity (Middleton, 2013; Amici et al., 2015; Fuller et al., 2017). Due to their sensitivity to biological invasions, changing land-use and climate, grasslands, in particular, are expected to experience greater changes in biodiversity compared to other biomes (Sala et al., 2000; Suttie et al., 2005). Such mainly non-protected and low populated grasslands are also being reclaimed as one of the principal global land reserves suitable for high yield cultivation (Lambin and Meyfroidt, 2011).

The South American grasslands have a long history of human use. European colonialization shaped the originally pristine landscape, making grasslands essential areas of beef and grain production (Soriano, 1991; Caetano, 2010). For Uruguay, these grasslands are the “national landscape”, as they played a principal role in the nation building process at the beginning of twentieth century, and are represented by cultural goods such as the “gaucho” poems of Bartolomé Hidalgo (1788–1822), the plays of Javier de Viana (1868–1926) and the paintings of Juan Manuel Blanes (1830–1901; Vidart, 1967; Giaudrone, 2012, 2018; Figure 1).
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FIGURE 1
 The cultural landscape of the Patria Gaucha is shaped by the European colonialization: “Parecería que la tierra uruguaya fuera una región formada por trozos de diversos países europeos porque aquí tanto el Español como el Italiano, el Francés como el Inglés, el Alemán como el Suizo, se consideran como su propia patria y la aman cual al propio suelo” [aenglish: It seems that the Uruguayan land is formed by pieces of different European countries, here the Spanish and the Italian, the French and the English, the German and the Swiss consider it as their own homeland and love it as their own soil] (Maeso, C. Tierra de promisión 1910:14; cited after Caetano, 2010). Historical narratives, images and field names reflect physical, socio-cultural and individual dimensions of landscape. (A) Mi Tapera (after the popular song of Elias Regules “Entre los pastos tirada, como una prenda perdida, en el silencio escondida, como caricia robada, completamente rodeada por el cardo y la flechilla, que, como larga golilla, van bajando a la ladera, está una triste tapera, descansando en la cuchilla” [benglish: Amongst the grasses, like a lost garment, in the silence, hidden, like a stolen caress, completely surrounded by the thistle and the flechette, which, like a long gossamer, streches down the hillside, is a sad tapera, resting on the blade]. (ca. 1905; J.A. Castelli, 1915); (B) Tapera at Paso Bonilla (2014); (C, D) Escena Campestre (J.M. Blanes - 'El Pintor de la Patria', 1870–1880); (D) Aroyo nearby to Tacuarembo (2014). All sources are CC BY 4.0 or own fotographs.


Vast areas of the Pampas and Campos region (the “Patria Gaucha”, Figure 1) are currently being subjected to expanding afforestation, soybean cultivation and livestock intensification. Governmental policies, incentives and investors' expectations actively support and promote afforestation and soybean cultivation (Geary, 2001; Overbeck et al., 2007; Baldi and Paruelo, 2008; Uruguay, 2010; Redo et al., 2012). A representative example, Uruguay, has the highest afforestation rate in Latin America, with an increase from 2,500 ha yr-1 in the 1975–1988 period to 60,000 ha yr-1 in the 1990s (FAO, 2004). At the same time, soybean monocultures increased by over 200 percent, at the expense of natural grasslands and, at the same time, leading to an intensification of livestock production (Modernel et al., 2016). Sowed grasslands (“artificial pastures”), which have increased by over 600 percent in the last two decades, now cover a million hectares (MGAP, 2013). In addition, to increase farm productivity, previously natural grasslands have been fertilized and a high proportion of legumes and grasses have been introduced (so called “improved pastures”; Beretta et al., 2000). While an overall grassland intensification strategy is being used by local stakeholders to increase economic sustainability (Jaurena et al., 2021), extensive grassland conservation measures are lacking (Veldman et al., 2015), and only about one percent of the Uruguayan territory has a natural protection status (Elbers, 2011). Nowadays, however, nature conservation issues are receiving increasing public awareness, and a new network of protected areas is to be established across Uruguay (MVOTMA, 2017).

The conversion of unforested lands to forests is seen as a tool for sequestering anthropogenic carbon dioxide into plant biomass, potentially generating significant income for developing countries (de Koning et al., 2005). However, the effects of afforestation on regional soil organic carbon are being questioned as, for example, harvest cycles of plantations are very short and depend on the ecological context and forest management (Jackson et al., 2002; Don et al., 2009; Berthrong et al., 2012). Besides, transnational forestry industry and local small-scale forestry are planting mainly monocultures of non-native species, particularly of the genera Eucalyptus and Pinus. As these exotic forest plantations have the highest rates of profit and growth reported for this region (FAO, 2004; Cubbage et al., 2007), they are seen to promise good short time profit compared to native species (Cubbage et al., 2007; Uruguay, 2010).

While these forest plantations are being rapidly established, their effects on local ecosystems are controversial, as they are largely unknown. While trade-offs between economic and ecosystem services modeled for land-use changes in different Argentine eco-regions in the last 50 years (Carreño et al., 2012) find that the economic benefits of Pampa cultivation exceed the loss of ecological services, these are mainly technological profit maximization, and do not take into account the negative environmental impacts. The current afforestation in Uruguay has been hypothesized to lead to a depletion of ecosystem services and to a decreased resilience capacity of local ecosystems (Cespedes-Payret et al., 2009). Review studies from grasslands in Argentina, Uruguay and Southern Brazil highlight the urgent need to develop management strategies for land-use change (Overbeck et al., 2007; Cespedes-Payret et al., 2009), and a review of ecosystem services provided by the Río de la Plata grasslands has revealed the general lack of studies on drivers of land use change (Modernel et al., 2016). Consequently, for land-use optimization approaches toward multifunctional, biodiversity friendly, sustainable and productive landscapes aiming to balance economic development, environmental protection, efficient resource use and social equity deeper understanding of land-use change in the long term is therefore crucial (Memmah et al., 2015).

The human shaped “cultural landscapes” harbor multi-layered imprints of numerous generations and past changes (Bloemers et al., 2010; Palang et al., 2011). Although today's changing landscapes are the interface of different approaches and diverse readings, the human dimension of land-use change has been largely overlooked. Contemporary landscape concepts reconnect geographical spaces to culture, identity and meaning, at the same time as enhancing awareness of local history and sharpen landscape's scholarly value (Cosgrove, 2004). Beyond the economic and ecological functioning of the landscapes, heritage conservation of traditional landscapes, aesthetics, scenery and the overall provisioning of the “cultural ecosystem services” must be key topics for sustainable planning and management for future landscapes (Antrop, 2005). Here, we aim to assess land-use change in Uruguay from this holistic point of view, including economic, environmental and social dimensions of the rural landscape. We apply the conceptual framework of “Multifunctional” and “Sustainable productive landscapes” to agriculturally and silviculturally modified grasslands in Uruguay, and explore the amount and impacts of land-use change on rural ecosystems and communities. We also discuss pathways of land-use change within the cultural landscape of Uruguay, and the underlying mechanisms and perceptions of land-use change by local stakeholders.



2. Materials and methods

In the first step, we applied the conceptual framework of “multifunctional” and “sustainable productive landscapes” (Wiggering et al., 2003; Holmes, 2006; Lovell and Johnston, 2009) to agriculturally and silviculturally modified grasslands in Uruguay, and defined different developmental scenarios that emphasize differently the environmental, economic and/or socio-cultural dimensions of sustainability (Figure 2). We identified relevant land-uses in Uruguay based on the general land use maps and literature (Alvarez et al., 2015), and assigned uses within the triangle of sustainability according to the landscape dimensions and to different developmental scenarios. We used normative scenarios (e.g. Fauré et al., 2017; Pastor et al., 2022) focusing on the economic, environmental or on the socio-cultural functions of the landscape, and the multifunctional scenario balancing between the three different dimensions. The main land-use types are natural (mostly gallery) forests, timber plantations, agroforestry, agriculture, artificial pastures, “improved pastures”, natural grasslands (“Campo natural”), water bodies and others.
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FIGURE 2
 Overview on the methodological approach of the study.


In the second step, to enhance the capability to analyze the present, predict future impacts of land-use changes and significantly advance ecological forecasting, we developed a monitoring system of 163 plots at 44 monitoring sites across Uruguay, with three to five land-use types per site (Figure 3; for a detailed description of sampling design and methodology see Säumel and Ramírez, 2021, 2022; Ramírez and Säumel, 2022a,b). We registered plant species and soil arthropod diversity and regeneration of woody species during the spring-summer season in 2015 and 2016. In addition, we recorded the presence of species by plot to assess the impacts of land-use change on biodiversity using Kruskal-Wallis test and Dunn's pairwise multiple comparison with Bonferroni correction (Dinno and Dinno, 2017) with the software package R version 3.3.2 (R Core Team, 2016). The general plot size was 100 × 100 m for forests and timber plantations and 50 × 50 m for grasslands and crops.
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FIGURE 3
 Location of 44 monitoring sites across rural Uruguay (A). The current land-use change in Uruguay consists of expansion of agricultural monocultures [(B); rose: 2000; red: 2011] and afforestation of originally extensively used grasslands (C) with large Eucalyptus plantations (>5ha, gray: 2000; black: 2011, olive colored areas show small scale Eucalyptus plantations (< 5ha established for shelter and shading livestock). The data for the maps are from the Uruguayan geoservice agency (MA, 2022). The photographs provide impressions from natural grasslands near Las Cañas, Cerro Largo (D), agriculture near Pandule, Paysando (E) and Eucaliptus plantations near Tacuarembo (F).


We analyzed land-use change as a percentage of the total surface from 2000 to 2011 (i) for the polygon where the monitoring site was inserted and (ii) for the radius of 5 km around the monitoring site. Land uses were obtained from the General Census of Agriculture and Livestock for the years 2000 and 2011 (MGAP, 2013). The significance of land-use change calculated for the polygon of the monitoring site and for the 5km radius around each monitoring site, was tested using Kruskal-Wallis test and Dunn's pairwise multiple comparison with Bonferroni correction (Dinno and Dinno, 2017). Furthermore, each site with its area and 5km radius was subdivided in three levels based on the variation of “Campo natural” area from 2000 to 2015, as follow: low (% loss ≤ 5% or increasing), medium (% loss between 5 and 13%) and high (% loss > 13%), so evaluating the land use change at each level. We also assessed land-use change related socio-economic parameters (i.e. number of farms, farm size and land tenure, infrastructural access, use and type of technical support, age and educational formation of land owners, nationality of land owners, branch type of and used areas for primary, secondary and third income). We characterized residents of farms (i.e. gender, age, relation to owner and employment within the farm), employees of farms (i.e. gender, age, relation to owner and use of seasonal employees within the farm). To explore impacts on overall rurality, we analyzed the change of the number of houses and households, number of persons per household, structure of households, number, age, mobility, education, employment and unemployment of rural population based on the national population census (INE, 1996, 2004, 2011). To highlight the impacts between rural landscape and local urban centers, we analyzed population dynamics in provincial towns and villages (i.e. age, gender, mobility, and employment of dwellers).

In the next section, we discuss the observed changes in land use, plant and arthropod diversity, socio-economic and demographic parameters with regard to pathways of land use change and different developmental scenarios.



3. Results

We allocated the identified land-uses within the triangle of sustainability according to the economic, environmental and social dimensions of rural landscape and defined different developmental scenarios (Figure 4A). The scenario “Business as usual”, focusing predominantly on the current way of economic development, is related to exotic timber plantations, agro-industrial crops and livestock production mostly for the globalized market. “Uruguay natural” aims at (re-) conservation of natural and semi-natural ecosystems and resources, including expansion of nature conservation areas and overall protection of native forests and grasslands (“Wilderness”). “Uruguay Patria Gaucha” focuses on the socio-cultural dimension of landscape (cultural landscape). The terms “Patria”1 and “Amenity” comprise various land-uses with cultural functions (e.g. sites of rural heritage and scenic beauty, recreation areas or parks), including strengthening local identity and visual quality. “Uruguay multifunctional” combines economic, environmental and social dimensions of the rural landscape, and consists of some established multifunctional land uses such as silvopastoral systems (combining trees, forage, and livestock), organic modes of agriculture or horticultural gardens (combining fruits and vegetables production, habitats for flora and fauna with amenity, beauty and areas for recreation) and those land uses proposed to make forestry more environmentally friendly, such as mixed forests (Pozo and Säumel, 2018). Finally, the term “TradINNOVAtions” comprises innovative land-uses developed by critically revising historical land-use concepts and techniques (see Cannarella and Piccioni, 2011).
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FIGURE 4
 (A) Economic, environmental and social dimensions of rural landscape with relevant land-use types and developmental scenarios (i.e. ‘Business as usual', ‘Uruguay natural', ‘Uruguay Patria Gaucha' and ‘Uruguay multifunctional'). (B) Pathways of land-use change during the last decades in Uruguay are driven mainly by increasing economic profits of transnational silvi- and agroindustry, at the expense of local family farms with traditional grassland-use modes and techniques, accompanied by rural depopulation and the aging of rural society. Public nature protection efforts to achieve an increase of native forest cover and the establishment of nature protection areas have mainly focused on forests, but not on natural grasslands.


The ongoing land-use change occurs with different intensities among all regions of Uruguay, mostly at the expense of extensively grazed and natural grasslands (the “Campo natural”). For the whole country, census data revealed two main tendencies: an increase in 60% of timber plantations from 660 to 1070 thousand ha, and an increase of 160% in grain production, from 600 to 1500 thousand ha from 2000 to 2011. However, both changes are modest relative to the proportion of changed land-use calculated as a proportion of the entire territory of Uruguay (176,215 km2; see Figure 5). Based on the census data (MGAP, 2013), the monitoring sites were categorized into sites of high, medium and low change of natural grasslands surface (Figures 5E, F, K, L). Despite the low change, agricultural land-uses increased significantly (Figures 5D, J). In contrast, the average area of timber plantations remained constant from 2000 to 2011 across all sites (Figures 5E, F, K, L). The surface of native forests increased by 13% in this period in sites of high land-use change dynamics (Figures 5F, L).
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FIGURE 5
 Land use (%) of total surface in 2000 calculated for the polygon where the monitoring site was inserted (A–F) and 5 km radius (G–L) around the 44 monitoring sites in rural Uruguay (see Figure 3A). The main land-use types are natural (mostly gallery) forests (NF, dark green), timber plantations (TP, black), agroforestry (Citrus and Vitis cultures, AF, orange), agriculture (AC, red); artificial pastures (AG, pink), “improved pastures”: improved by sowing legumes (SG, light green) and by fertilization (FG, gray); natural grasslands (“Campo natural”, NG, olive), water bodies and others (WB, blue). Sites are categorized in sites of low (N = 13), medium (N = 18) and high (N = 13) land-use change. Land use changes to silvi- and agriculture occurs mainly at the expenses of natural grasslands. The different letters above the boxplot show significant differences between land-use types. The H, df and p values are given.


Species richness differed between land-uses (Figures 6A, C). Natural grasslands harbored a significantly higher number of plant species and terrestrial arthropods. Plant species richness was lowest in crops, improved and artificial pastures. Regeneration of native tree species was higher in native forests but also was registered in timber plantations (Figure 6B).
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FIGURE 6
 Species richness of different land-uses in rural Uruguay. The main land-use types are natural (mostly gallery) forests (NF, dark green, N = 33), timber plantations (TP, black, N = 37), agroforestry (Citrus and Vitis cultures, AF, orange, N = 3), agriculture (AC, red, N = 12); artificial pastures (AG, pink, N = 5), “improved pastures” by sowing legumes and by fertilization (IG, light green, N = 26); natural grasslands (“Campo natural”, NG, olive, N = 34), water bodies and others (WB, blue, N = 12). Species richness of plant species (A) and of terrestrial arthropods (C). Different letters above the boxplot show significant differences between land-use types. The H, df and p values are given. (B) Number of tree species with adult individuals and number of regenerating species in natural forest versus timber plantations (*** indicate a significance level p < 0.001). (D) Proportion of surface covered by different land-use types in nature reserve areas (MVOTMA, 2017) are plotted against the same proportion of different land-use types in the representative sample regions of the monitoring sites. Land uses above the diagonal line are overrepresented in the national reserves (e.g., water associated ecosystems (blue) and native forests (dark green), whereas natural grasslands (olive) are largely underrepresented or not determined.


The number of inhabitants in rural areas decreased by a third, and the number of houses by 6%. Although the number of households was constant, the number of people per household decreased by a third. Rural households consisted mostly of couples, while the number of children, other family or non-family members decreased. The average age of inhabitants of rural areas increased from 34 to 37 years. Fewer people were born in rural places (-18%), and eight percent came from other parts of Uruguay during the last 5 years. The unemployment rate in the rural population increased by 8%. Farmers (15%) and non-qualified employees (22%) dominated. The educational level in the rural areas increased from having no or primary school education to higher levels of education (Table 1). Fewer children under 14 years and females were resident at farms (Table 2). The number of permanent employees at farms decreased by 27%, while the number of seasonal employees increased by 19%. The number of residents in provincial towns and villages increased by 18%, while gender proportion did not change (Table 1). The medium age increased slightly. The percentage of dwellers born in provincial towns and villages increased by 6%. The percentage of residents who moved to provincial towns and villages increased by 23%. The overall employment rate for residents in provincial towns and villages increased by 8% (Table 1).


TABLE 1 Socio-demographic parameters of land-use change in rural Uruguay following the National Population Census (INE 1996, 2004, 2011).
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TABLE 2 Socio-economic parameters of land-use change in rural Uruguay following the General Census of Agriculture and Livestock for the years 2000 and 2011 (MGAP, 2013).
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The number of farms decreased by 20%, and the average farm size increased by 28% from 2000 to 2011 (Table 2). Farmers' access to electricity and roads increased, and the proportion of farms using external technical support, e.g. for harvest, sapling planting or veterinary assistant nearly doubled. Landowners' age and educational background increased (Table 2). The number of farms and the farm surface (ha) owned by natural persons from Uruguay, Argentina or Brazil decreased significantly, while the number of farms and the farm area not owned by a physical person increased (e.g. enterprises). Around 8 million hectares of land previously owned by Uruguayans changed to the category of “unknown nationality”, consisting mainly of associations and companies (e.g., Sociedad Anónima S.A.; Table 2). Agri- and silvicultural income of farms increased significantly at the expense of milk and meat production (Table 2). Livestock composition changes from farms with diverse types of animals to cattle farms (increase by 6%), whereas the number of farms with horses and sheep as income decreased by 15% for horses and by 43% for sheep (MGAP, 2013).



4. Discussion

Both intensification of land use by forestry or agroindustry and the abandonment of land can lead to loss of cultural landscapes, related land use techniques, local knowledge and ecosystem services. This biocultural erosion has been reported from many rural, marginalized and/or remote landscapes around the world (e.g. Plieninger et al., 2006 for Europe; Temudo et al., 2015 for Guinea-Bissau, Westafrica; Deb, 2022 for West Bengal, India). Here we highlight a similar process in the South American Campos grasslands, where policy supported land use change contradicts national discourses on the identity-forming cultural landscapes of the “Patria Gaucha”. Our data demonstrate that agroindustrial intensification in rural Uruguay occurs mainly at the expense of natural grasslands (Figures 5D–F, J–L). Intensification consists of extension of agro-industrial crops and timber plantations (Ramírez and Säumel, 2022a), increasing stocking rates, the implementation of artificial or improved pastures to foster grassland productivity and an increasing use of annual forage crops (Figure 4B). This process is expected to result in significant discharges of agrochemical pollutants into local freshwaters (Ramirez and Säumel, 2023) as well as in the gradual disappearance of natural grasslands (Modernel et al., 2016).

As natural grasslands are associated with higher species richness of plants and arthropods than more intensified land-uses or to native forests (Figures 6A, C), so provide crucial habitat services for the regional species pool, we provide evidence for the biodiversity loss. Surprisingly, this is rarely discussed in public and academic debates in Uruguay. Floristic studies on grasslands are often limited to a small number of plots on differently managed grasslands (Altesor et al., 1998, 2005; Lezama et al., 2013), and very few have addressed the ecological impacts of current grassland intensification in Uruguay (Weinert da Silva et al., 2015; Jaurena et al., 2016; Modernel et al., 2016). Though local studies of impacts on arthropods are lacking, studies from other temperate grasslands have demonstrated that land use intensification causes shifts in arthropod abundance, richness and composition (e.g. Heuss et al., 2019; Sohlström et al., 2022). The lack of information on diversity patterns of Uruguayan grasslands might, in turn, influence conservation planning. Despite their biome-shaping role, natural grasslands are largely underrepresented in the national system of protected areas (Figure 6D), although the need to maintain the functions and diversity of the “old growth grasslands” is recognized in academic debates in South America (Overbeck et al., 2015; Veldman et al., 2015). As there is strong evidence that temperate grasslands grazed by mixed livestock harbor higher species richness, the change in livestock composition from mixed pastures with horses, sheep and cattle to farms dominated by cattle (MGAP, 2013) is likely to impact on species composition of grasslands (e.g., Ritchie and Olff, 1999; Loucougaray et al., 2004; Dumont et al., 2012 for Europe). To include this in conservation management of grasslands, local studies on how changing the type of livestock shape grassland biodiversity are therefore needed.

Reduced land availability pressures farmers to livestock intensification (Figure 4B) with higher stocking rates, and increased grazing, mowing or fertilization regimes on remaining grasslands in the region (Jaurena et al., 2021). Visual impacts of land-use change from the extensively used “Campo natural” to intensified modes by agroindustry that maintain open landscapes appear to be limited. Family farmers in Uruguay (< 500ha,2 Coneat 100) and other local stakeholders frequently stated visual impacts of timber plantations but not of also much- expanded soya bean monocultures. Moreover, in the perception of local stakeholders, the (irrigated) green agricultural fields are linked to economically prosperous land-use modes, compared to yellow-brown natural grasslands in dry summers. A controversial, much-debated study on stakeholders' perception of Uruguayan land-use change impacts on the provision of ecosystem services (Vihervaara et al., 2012) demonstrated 1) the need for mainstreaming of scientific knowledge on impacts as a basis for informed decision making and 2) the need for a strong involvement of the wide range of local actors to encourage discussion on local scenarios and developmental policies. Understanding human preferences for landscape is important both from a basic research perspective and from that of practical landscape and environmental management (Kaplan and Kaplan, 1989). From studies in environmental psychology, there is increasing evidence of a universal preference for moderate to high openness predicted by theories in the field and previous empirical research (Hägerhäll et al., 2018).

At the same time, afforestation impacts on local ecosystems are being debated in the public and in the scientific community (Cespedes-Payret et al., 2009; Vihervaara et al., 2012 and the reply by Paruelo, 2012), even though the average area of timber plantations remained constant between 2000 and 2011 (Figures 5E, F, K, L). This may be related to the impact of afforestation on scenic landscape, which remains widely understudied, though the potential use of “visual indicators” for research on landscape change has been recognized (Fry et al., 2009). In general, monocultural timber plantations differ largely from native forests and are laid out in a regular grid pattern for low-cost management and profit maximization. Thus, plantations popularly called “Green Deserts” are at odds with the character of the landscape character in all stages of growth and harvest (Bell, 2007). Although the scenic beauty of the agricultural landscape decreases with the increasing intensity of afforestation (Tahvanainen et al., 1996), forest design approaches optimized landscape integration of plantations and silviculture have become an accepted element of European landscapes (e.g. Tahvanainen et al., 1996; Karjalainen and Komulainen, 1998).

Besides afforestation schemes (e.g. selection of species, planting rate, design), European studies also demonstrate that people's perception of afforestation depends very much on local concepts of traditional landscape and on the time since forestry has been implemented in the local landscape (Kassioumis et al., 2004). As the native forest cover of Uruguay is < 5% of the territory, afforestation there occurs in historically mostly forest-less landscapes (Pozo and Säumel, 2018). In contrast to landscapes where forests are traditional landscape elements, the visual impact of afforestation is more pronounced in natural grasslands. Interestingly, though several narratives in Uruguay reported the legend of forest destruction by European colonizers over previous centuries, based on analysis of historical maps and reports from naturalist travelers, recent studies have raised questioned about these (Gautreau, 2010).

The area covered by native forests has expanded during the last decade across Uruguay (Figures 5E, F, K, L), demonstrating that measures of native forest protection, such as restrictions on logging and cutting native forests, are effective and mainstream. In addition, low grazing intensities in timber plantations foster the expansion of native tree species from adjacent native forests also in the plantation (Figure 4B; Pozo and Säumel, 2018). Awareness of forest protection needs is high among all stakeholders of rural Uruguay, and includes a large set of ecosystem services, soil and water protection, biodiversity and recreation (Normey, 2012). However, compared to the proportion of the Uruguayan territory covered by native forests, native forests are “overrepresented” in the currently established national system of preserved areas (Figure 6D). Native forests are influenced by neighboring land uses, highlighting the need for a holistic assessment of land use change at landscape level (Ramírez and Säumel, 2022b).

Our analysis of the socio-economic dimensions of land-use change demonstrates the main processes changing the face of Patria Gaucha. The reduced number of farms and the overall increase in farm size shows the concentration of land ownership in Uruguay. Small sized family farms are disappearing (Figure 4B), accompanied by a transnationalization3 of the land ownership, for example, the number and surface of farms owned by entities with unknown nationalities such as S.A (Table 2). Governmental policies and incentives are known to drive land-use change, and the socio-economic transformation of Uruguayan ruralities from production in family farms and local consumption toward transnational timber and agroindustrial production for the global market. The key laws that initiated this process are the Forestry Law in 1987, the changes in Rural Leases Law in 1991, the law that facilitates land tenure of non-natural persons (i.e. associations and companies) and the investment law, both in 1999 (Piñeiro, 2012a,b). Subcontracting and outsourcing of farm labor to service companies with newest technologies (e.g., GMO, pesticides, seeding/planting harvesting machines) has also increased substantially, resulting in a high deregulation of rural labor market (e.g., Carámbula, 2009; Carámbula et al., 2012), indicated by a visible decrease of permanent employees in farms, and a nearly 20% increase in the number of seasonal employees per year. This is driven by the depopulation of rural Uruguay and the demographic aging of the rural society (Table 2; Figure 4B).

Besides the pull effects of the capital Montevideo, people also move to provincial towns and villages. While the employment rate in those has increased mainly due to jobs in the tertiary sector (e.g. offices, service provider, trading business), there is no evidence in census data for the myth, often mentioned in public debates, of new jobs for rural areas due to agro- and silvicultural industry (Carámbula, 2009; Carámbula et al., 2012). Besides changes in farm size and ownership, the transition from traditional farm products of the “Patria Gaucha” (meat and milk) to agroindustrial products, leads to a loss of traditional land-use structures and techniques (Table 2), even though national touristic campaigns and the country brand “Uruguay Natural” are based on natural and cultural landscapes of Uruguay (MT, 2022; Uruguay, 2022). The acceptance of landscape changes by individuals is shaped by different discourses of rural development, cultural context, place meanings, variety of associations and childhood memories (Elands et al., 2004; Kaur et al., 2004; Adevi and Grahn, 2012; Ruskule et al., 2012; Anderson et al., 2013). The perception of such changes (i.e. afforestation, agroindustrial intensifications or abandonment of agricultural areas) frequently correlates with socio-economic context within studied areas: changes were perceived as more negative if the area tends to be depopulated and declining economically and, in contrast, as more positive in prosper and diversified rural areas (Elands et al., 2004; Kaur et al., 2004; Ruskule et al., 2012).



5. Conclusions

The current land-use change, from natural grasslands to intensified silvi- and agroindustrial production modes and land-use techniques, has taken place mainly at the expense of extensively grazed grasslands, and has been accompanied by the disappearance of local family farms with traditional techniques, and a deregulation of rural labor market, and depopulation and the aging of rural society. Consequently, land-use change mainly occurred without notice in “El Uruguay Profundo”4. Public debates have concentrated mainly on visual impacts of afforestation, not on the loss of natural grasslands, even though the latter constitutes the “national landscape” of Uruguay. Governmental nature protection efforts have achieved an increase of native forest cover and establishment of nature protection areas mainly on native forests, not on natural grasslands. Adaptive and participatory evaluation, planning and policies making modes provide valuable tools to confront uncertainties and dynamics in our changing world (Daily et al., 2009), and public mapping methods for valuation of cultural landscape services beyond academia, and for analysis of socio-cultural trade-offs on landscape perception (Brown, 2013). Our results highlight the potential of holistic readings of changing landscapes through integrating socio-cultural, economic and ecological data that needs to be explored in greater depth in future studies.
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Footnotes

1[english: Fatherland, Homeland].

2We follow the definition of MGAP (2008) which includes having not more than two permanent employees, living within a distance of 50km from the farm and obtaining their main income from the farm. The general average farm size in Uruguay was 376ha (Table 2), whereas family farms had an average size of 89ha in 2011.

3We use the term transnationalization to describe the shifts of land owner shifts from ‘national ownerships' by individual or juridical persons within the boundaries of a national state (in our case mostly Uruguay, Argentina or Brazil) to ownerships by transnational actors often organized as “Société Anonyme” (S.A., in Uruguay following the National Law N° 16.060 on commercial companies), where shareholders were originally anonymous. Today shareholders of S.A.s are not anonymous anymore but shares can be held by a holding in order to obscure the final beneficiary. We here adapted the concept of transnationalism used in sociological literature (reviewed in Tedeschi et al., 2022), which refers to the diffusion and extension of social, political, economic processes in between and beyond the sovereign jurisdictional boundaries of nation states. Thus, these processes are increasingly governed by non-state actors and international organizations.

4[English: The Deep Uruguay, which means towns and villages in the country's deepest hinterland].
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Pa et 1996/20 2011 Ne
Number of houses in rural areas 68,001 63,773
Number of households in rural areas 71,241 71,224 0
Number of persons per household 3 2 -33
Structure of households (%) Head 30 35 +17
Partner 19 22 +16
Children 32 31 -3
Other family members 9 6 -33
No family members 5 2 —60
Other 5 4 —20
Number of inhabitants in rural areas 232,373 161,587 =30
Male inhabitants in rural areas (%) 57 55 —4
Average age of inhabitants in rural areas (years) 34 37 +9
Inhabitants born in rural areas (%) 60 49 —-18
Inhabitants living in rural areas in the last 5 years (%) 70 78 +11
Employment rate (%) 64 56 —13
Education level (%) Not answered 7 25 257
No education 7 2 =71
Primary school 65 45 =31
Secondary School 12 13 +8
Professional school 4 8 +100
University 2 2 0
Other 3 4 +33
Employment (%) Not employed persons 16 49 +7
Technician 2 2 0
Farmer 16 15 —6
Industrial worker 4 3 =25
Others 6 8 +33
Non-qualified workers 26 2 —15
(peon)*
Number of dwellers in provincial towns and villages 806 952 +18
(Thousands)
Percent of male dwellers in provincial towns and villages 49 49 0
Age (years) 33 35 +6
Mobility of dwellers Born in the town/village 50 53 +6
(%)
Moved to the 71 87 +23
town/village 5 years ago
(%)
Employment of dwellers in provincial towns and villages (%) 18 52 +8

*The term “peon” is used for unskilled farm worker who has the lowest professional category.
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Paramet: 2000 2011
Number of farms 55,764 44,781* —20
Farm size (ha) 294 376 +28
Land tenure (%) of the agricultural area 69 64 -7
Access to roads improved roads (%) 13 48 +12
Access to electricity (%) 53 71 +34
Number of farms owned by a natural person 86 83 -3
9% of farm surface owned by a natural person 62 53 -15
% of farms using technical support 28 54 +93
Number of farms using technical support Field work, sowing 13,839 15,035 +9
Sanitation treatments 1978 7,648 +287
Grain harvest 3,092 5210 +68
Forage storage 5,152 8916 +73
Forest plantation and 322 607 +89
harvest
Other machine services 836 1,189 +42
Age structure of land owners (natural persons) <30 years 5 4 -20
31-44 years 26 23 =12
45-59 years 39 41 +5
>60 years 30 33 +10
Average 50 53 +6
Educational formation of land owners (natural persons) (%) No school 3 1 —67
Primary school 60 50 =17
Secondary school 21 29 +38
Professional school 6 6 0
University 9 14 +56
other 1 1 0
Number of farms per nationality of land owners Uruguayan 53,672 35,256 34
Argentine 422 271 -36
Brazilian 559 230 =59
other 633 310 =51
unknown 478 7,397 +1,447
Surface of farms per nationality of land owners (Mio. ha) Uruguayan 148 8.1 —45
Argentine 02 0.1 —50
Brazilian 07 03 =57
other 0.5 02 —60
unknown 0.1 7.7 =+7,600
Surface of primary income per farm (Mio. ha) Meat (Livestock) 136 117 —14
Milk production 1.0 0.8 -20
Agriculture 04 13 +225
Forestry 07 12 +71
Other 0.7 0.8 +14
Primary income per farm (%) Meat (Livestock) 58 61 +5
Milk production 11 10 -9
Agriculture 2 6 +200
Forestry 2 2 0
Other 28 22 =21
Secondary income per farm (%) Meat (Livestock) 35 41 +17
Milk production 0.5 04 =20
Agriculture 2 3 +50
Forestry 0.6 04 -33
Other or no 2nd income 62 56 -10
Third income per farm (%) Meat (Livestock) 3 4 +33
Milk production 0.1 0.1 0
Agriculture i /| 0
Forestry 0.6 04 -33
Other or no 3rd income 96 95 -1
Gender of farm residents (%) male 59 64 +8
female 41 36 —12
Age of farm residents (%) <14 years 21 9 57
14-65 years 68 78 +15
>64 years 11 13 +18
Relation to owner (%) Family member 67 65 -3
No family member 3 40 +21
Farm residents working in the farm (%) 61 74 +21
Number of farm employees Total 152,154 111,580 =27
Male 108,250 81,087 =27
female 43,904 30,493 =31
Farm residents remunerated 5 20 +300
no remunerated 65 50 —23
others 27 16 —41
Number of seasonal employees per year 1.6 Mio. 1.9 Mio +19

*44,781 farms are registered, 41,356 of which are engaged in commercial production.
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