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Abstract

:

Biodiversity loss is a global concern, and agriculture is one of the economic sectors responsible for this impact. The assessment of ecosystems under the influence of livestock production is essential for knowing their integrity and ability to provide ecosystem services. The aim of this investigation was to evaluate the application of LEAP/FAO guidelines for quantitative assessment of biodiversity in the livestock sector at the local scale (farm level) in a group of six study cases in Uruguay. A set of 20 indicators was used, including seven key thematic issues: habitat protection, habitat change, wildlife conservation, invasive species, pollution, aquatic biodiversity, off-farm feed, and landscape-scale conservation. The results show that the LEAP biodiversity assessment guidelines can be useful to characterize the state of ecosystems under pastoral use and some specific components of their biodiversity, as well as assess the interaction of the production system with the environment and plan management accordingly. This work also provides an analysis of the methodology used and recommendations to facilitate its application by the sector. The results from the application of the indicators show a great deal of wild biodiversity that uses grazing systems based on native grasslands as habitats and the acceptable integrity of these ecosystems. On average, farms have 83% of their native ecosystem, with a value of 3.5 for the Ecosystem Integrity Index. In terms of the richness of different groups, there was an average number of species of 112 herbaceous plants, 48 woody plants, 48 spiders, 150 birds, and 14 fish. The main goal of this work is to help in the wider application of the guidelines by facilitating decisions about methodology, necessary resources, and technical support. Moreover, another goal is to show the importance of native grasslands-based livestock systems for biodiversity conservation.
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1. Introduction


Biodiversity is essential for ecosystem functioning and human well-being through service provision, but the rate of species richness decline exceeds a hundred times the estimated normal rate between previous mass extinctions [1]. One of the main drivers of species extinction is habitat loss caused by human conversion of natural ecosystems to other uses, mainly for producing commodities for consumption [2]. Land use for animal production influences the earth system in a variety of ways, including local-scale modification of the environment, affecting a wide spectrum of issues (i.e., biodiversity, soil health, nutrient cycling, and the hydrology cycle) [3]. However, livestock systems differ in their impact and significance on biodiversity. At one extreme, undisturbed habitats could be impacted by the conversion of primary forests into pastures or feed crops [4,5,6]. At the other extreme, in places with a long livestock history, many organisms have specifically adapted to habitats associated with the presence of domestic herbivores, and they now play important roles in maintaining permanent grassland habitats with high biodiversity levels, as in Europe [7,8,9,10], America [11,12], Africa [13,14], and Oceania [15,16]. Occasionally, livestock can play a similar ecological role to that of wildlife (i.e., bison in North American rangelands [17]) or play important roles in seed dispersion [18].



Between these two extreme situations, a large number of impacts can be described. Grazing can be a cause of erosion by trampling and changing the soil’s physical and chemical properties, such as bulk density, moisture content, pH, and nutrient content [19,20]. Overgrazing can also lead to biodiversity loss by degrading plant community composition, diversity, and productivity [21]. Nutrient excess caused by excretion or fertilization can alter the nutrient cycle, promoting habitat changes [22], causing significant diffuse pollution by nitrogen and phosphorus [23], and consequently eutrophication and acidification in both terrestrial and aquatic ecosystems [24]. Acidification modifies species composition and the structure of terrestrial ecosystems [25].



Biodiversity has an essential role not only for its intrinsic value but also for the key role it plays in supporting ecosystem services that benefit human societies and economies [26,27]. Anthropogenic environmental changes will continue to cause biodiversity loss in the coming decades, with higher rates of species extinction that could threaten the stability of the ecosystem services on which humans depend [28]. It is therefore important to assess the state of biodiversity in livestock systems in order to monitor their current integrity and ability to continue providing ecosystem services. However, biodiversity assessment has its difficulties due to its intrinsic complexity (site specificity with different composition, structure, and function), scale issues, and problems related to reducing biodiversity assessment to a single measure or conservation objective [2]. Many quantitative indicators and assessment methods have been developed to evaluate biodiversity, but it still presents considerable challenges. Reaching an international consensus for the evaluation of the effects of production systems is still a work in progress [27,29].



In this sense, the Food and Agriculture Organization (FAO) has promoted a multi-stakeholder initiative that is committed to improving the environmental performance of livestock supply chains (Livestock Environmental Assessment and Performance; LEAP). The partnership integrates governments, the private sector, non-governmental organizations (NGOs), and civil society organizations (CSOs), which all identify the need for comparative and standardized indicators to switch the focus of dialogue with stakeholders from methods to improved management measures. The LEAP develops comprehensive guidance and methodology for understanding the environmental performance of livestock supply chains in order to shape evidence-based policy measures and business strategies [30].



Most of the LEAP guidelines recommend the use of Life Cycle Assessment (LCA) as the main methodology for environmental assessment [31]. Although the use of LCA in biodiversity assessment is considered a necessary trend [32] and there has been some effort towards adapting the methodology [33], it is still difficult to apply this complete methodology for biodiversity analysis at the local level [2]. This is because biodiversity is site-specific, and LCA biodiversity impacts reports will always be expressed in relation to a functional unit (e.g., per kg of carcass or live weight), with no agreed metrics to standardize this assessment. For this reason, although the LEAP biodiversity guidelines for quantitative assessment [2] recommend several life cycle impact analysis (LCIA) models for regional to global assessment, they propose that the most suitable approach for local assessments is to use the Pressure-State-Response (PSR) indicators framework, which is based on causality. Indicators are used to assess the pressure of human activities (e.g., pollution, habitat, and climate change) that lead to changes in the state of the environment or the state of biodiversity (e.g., abundance, richness, or composition of species, ecosystem degradation). This assessment promotes responses (i.e., decisions and actions) from stakeholders (e.g., politicians and producers) aimed at achieving a more sustainable state, either by mitigating the negative effects by taking measures to reverse the damage or by conserving habitats and biodiversity [2].



The objective of this investigation was to evaluate the application of the LEAP/FAO guidelines for quantitative assessment of biodiversity in the livestock sector [2] at the local scale (farm level) in a set of study cases in the livestock sector of Uruguay. The focus was on the feasibility of using all the recommended indicators, the selection of methodology, and the importance of interpreting the results based on the assessment’s scope and goal.




2. Materials and Methods


2.1. Study Cases


The investigation was carried out on six farms belonging to the Uruguayan Federation of CREA groups (FUCREA). The study cases were randomly selected from an anonymous database by some predetermined criteria: farms with a complete bovine cycle (breeding cattle to fattening steers) and sheep production; three of them with 100% of the native grasslands area; and the other three with a 25 to 30% substitution of native grasslands by cultivated pastures. The selection of study cases was carried out among full-cycle farmers so that all animal categories were present. A previous analysis of the databases made by CREA showed that systems with between 25 and 30% substitution of native grasslands by pastures represented a common model of pastoral systems, and 100% of native grasslands were common in traditional systems. Of the total number of cases in each category, the selected farms were drawn. These cases represent the reality of Uruguay, where mixed systems (cattle and sheep) are dominant, native grasslands are the base of pastoral systems, and the most common intensification initiative is the incorporation of cultivated pastures [34]. The farms are large-scale (2000 to 5000 hectares) and are located in different areas of the departments of Salto, Rivera, Durazno, and Flores. The localization of farms and productive characteristics are shown in Figure A1.




2.2. Set of Indicators


The LEAP guideline [2] provides a list of recommended biodiversity pressure-state-response indicators addressing seven key thematic issues: habitat protection, habitat change, wildlife conservation, invasive species, pollution, aquatic biodiversity, off-farm feed, and landscape-scale conservation. Each of these includes a number of quantitative and qualitative measures. In this investigation, the complete list was applied, and in some cases, a single indicator was composed of multiple variables or sources of information. It was because of the interest in evaluating more than one possibility for applying the indicator.



2.2.1. Habitat Protection Indicators


Three indicators were included: (a) the inventory of wildlife habitats under the farm’s influence, (b) the proportion of semi-natural habitats, and (c) grassland restoration initiatives.



To construct these indicators, maps of the living environments were made, which imply the spatial representation of the distribution of different communities in each farm, employing photo-interpretation of satellite images and field validation. The work was carried out using the free software Q-GIS (Version 3.16.12) [35] and based on orthophotos from 2018–2019 with a resolution of 0.32 m per pixel available for download in the Spatial Data Infrastructure of Uruguay [36]. Additionally, the geographic information layer was used in the raster format “grassland cartography” of Uruguay, where the country’s grasslands are classified, which is available on the website of the Agriculture Ministry [37]. Grassland restoration initiatives were identified through direct interviews with farmers.




2.2.2. Habitat Change


Four indicators were addressed: (a) soil erosion and soil erosion risk mapping and management plans implemented, (b) the proportion of the area with degraded soil, (c) the rate of habitat conversion, and (d) livestock density.



For the soil erosion and erosion risk indicator, a map developed by Carrasco and Beretta [38] was used. The authors estimated erosion in 99 drainage basins in Uruguay, analyzing and managing the information required by the universal equations of soil loss (USLE/RUSLE) to predict the amount of soil loss due to runoff in specific areas under certain management systems and crops [39]. The results were presented in a geographic information layer in which each polygon was assigned to a class. Each class identified by a color represents a range of soil loss in tons per hectare per year [38].



Information about the state of soil degradation was obtained by applying the Ecosystem Integrity Index (EII) [40], an environmental assessment tool whose main objective is to assess the agro-ecosystem’s state in relation to an “optimum” established for the ecoregion evaluated. This index has four dimensions, one of them is the state of the soil, valuating the vegetation cover, evidence of erosion, and predisposing conditions to degradation. A map was built for each farm that shows the value of the soil component of the EII for each paddock on a scale from 0 to 5. For paddocks with values equal to or less than 3.5, it was analyzed which of the characteristics evaluated were related to bad conditions.



The area or rate of habitat conversion was obtained from the environment map by calculating the proportion of native grasslands that were transformed into cultivated pastures, crops, forests, or dams. The density of cattle was related to the carrying capacity of the pastures in order to indicate if there was an excess of cattle. Stocking rate data were extracted from the farmer databases, which are periodically updated and closed annually. Livestock values were expressed in livestock units (LU), equivalent to an animal of 380 kg standard weight. For the carrying capacity of the native grasslands, the reference was the value of the “safe stocking rate” according to Saravia et al. [41], which establishes a reference for the number of heads of cattle per hectare considering the soil type. The calculation of the carrying capacity of the cultivated pastures was carried out based on bibliographic data on cultivated pastures’ yields and the cattle requirements [42,43].




2.2.3. Wildlife Conservation


Three indicators were included: (a) actions promoting high-value conservation species; (b) particular species with high conservation values; and (c) species richness or diversity. This last indicator can include a lot of different groups and measurable variables, which can turn it into a multidisciplinary assessment.



In the present investigation, the vegetal communities included were forests (woody species richness and diversity) and herbaceous communities in reference paddocks (richness, different strata cover rate, and community map). In the case of fauna, spiders, birds, and fish were included.



A reference paddock was selected for each farm to evaluate the grassland communities. A preliminary assessment of each paddock was carried out in late 2019, during which high-definition aerial images were generated using a drone and the main plant communities to be characterized in subsequent samplings were defined. The plant communities were recognized physiognomically based on the density and height of the vegetation and according to the geomorphological characteristics of the regions in which they develop, following Lezama et al. [44]. Vegetation surveys were carried out during the summer and spring of 2020 following the phytosociological method [45]. Three sampling points representative of the global variation present in the paddock were selected for each of the different plant communities identified. At each sampling point, a 5 × 5 m plot was implemented, in which all vascular plant species present were recorded and specimens of those species that required observation under a magnifying glass were collected to be identified later. A percentage of the aerial cover of each species was visually estimated following the Braun-Blanquet [46] abundance scale for values under 5% and in steps of 5% for higher values. The coverage of species in the lower stratum was estimated using a 50 × 50 cm quadrant, placed at three different points within each plot. Additionally, the height and number of strata were recorded, as well as the total coverage of each stratum. Each species was subsequently classified according to its origin (i.e., native or adventitious) [47] and life form [48].



In the case of woody communities in native forests, the protocol for integrity assessment of the REDD+ initiative was applied [49] on farms with more than 1% of the farm area occupied by native forest. It included at least two transects per farm of 100 m long and 2 m in width. In these transects, species, the number of individuals, and size categories were recorded, and the Shannon diversity index [50] was calculated. Along the transect, five points were selected for seedling counting and assessing the cover of herbaceous plants, mulch, and canopy cover using one-square-meter plots. In addition, to calculate richness, woody species were also recorded during the application of the Ecosystem Integrity Index [40].



Arthropods were collected with two complementary techniques, pitfall traps and aspirations [51]. Pitfall traps consisted of open-top plastic containers buried in the ground slightly below the surface, which were partially filled with a preservative solution (50% propylene glycol) to preserve the arthropods that fell inside [51]. One reference paddock with native grasslands was selected in each study case, and in those with cultivated pastures, one additional paddock with annual pastures was selected. Traps were installed in each paddock in a 100-m transect, placing a pair of traps every 10 m, separated from each other by two meters. The traps were installed every season for one year and remained active for seven days; after that time, they were removed and taken to the laboratory for later identification. Complementary aspirations of the herbaceous layer were carried out using a modified garden vacuum cleaner (g-vac). Ten sample units of 1 m2 were taken close to each pair of traps following the transect. Each sampling unit corresponded to one minute of aspiration, and the samples were placed in bags with 70% alcohol duly labeled. The content of the traps and aspirations was processed, and the collected arthropods were separated for posterior identification. In this study, only spiders were taxonomically classified, and the rest of the arthropods were preserved for future analysis. Spiders were identified at the species/morphospecies level. Rarefaction curves were made based on the number of samples, in order to estimate the efficiency of samplings. In addition, a non-parametric estimator of species richness (Chao 1) and the Shannon diversity index [50] were calculated. These analyses were made with the software EstimateS 9.1 [52]. The efficiency of both techniques was compared using the data of the paddock (Farm 3, native grassland) with more spiders and species. Abundance and species richness of spiders collected with g-vac and pitfalls were compared using t-tests. The data were log-transformed because they did not approach a normal distribution. These analyses were performed with the software INFOSTAT (ver.2016) [53].



For bird sampling, as recommended by Gibbons and Gregory [54], Mackinnon’s lists were used. They consist of visual and/or auditory records along paths (not previously defined) where the observed species are recorded until reaching a certain amount (15 in this case), then a new list is started where the already observed species can be included again [55]. This methodology was applied in the predominant environments of each establishment (native grassland, cultivated pasture, and forest). The bird samples were carried out in three seasons (spring, summer, and winter).



Species with high conservation values were identified for woody and herbaceous plants, birds, fish (see pollution and aquatic biodiversity indicators), and spiders based on the official Uruguayan lists of priority species for conservation [56,57]. Actions implemented to promote these species were identified through direct interviews with farmers.




2.2.4. Invasive Species


Two indicators were included: (a) a management plan in place for the control of invasive species and (b) the presence and abundance of invasive alien species.



The invasive flora species present in the farms were recorded during the application of the Ecosystem Integrity Index and with the lists of herbaceous and woody species from the richness studies. Invasive fauna species were identified from the bird and fish lists. The publications of Soutullo et al. [56], Brazeiro et al. [58], and Proyecto REDD+ Uruguay [59] were used as references.



Information about the existence of management plans for the control of invasive alien species resulted from interviews with the farmers and the observation of the management system and the applied practices.




2.2.5. Pollution and Aquatic Biodiversity


Four indicators were used: (a) management plan in place for the application of ecotoxic agrochemicals; (b) nutrient management plan in place to rationalize fertilizer application; (c) length/proportion of protected waterways; and (d) ecological indicators of eutrophication or water quality.



Information on nutrient and agrochemical (herbicides, pesticides, veterinary products, and fertilizers) management, including application following manufacturers’ guidelines, safe storage, measures to avoid application in sensitive habitats, and actions to minimize the risk of nutrient loss, resulted from interviews with the farmers and the observation of the management system and the applied practices.



Streams can be protected through livestock exclusion (e.g., fencing), edges, or buffer strips. In the “riparian zones” component of the Ecosystem Integrity Index [40], the width of the buffer zone of all the water courses of each farm was recorded. The presence of fences was identified through satellite images and field surveys.



Fish were collected using electric fishing on two streams per farm in winter and summer. Following the methodology proposed by Teixeira de Mello et al. [60], 50 pulses were performed in a 50-m section of each stream. Once the fish were collected, they were euthanized with an overdose of 2-phenoxy-ethanol (5 ml·L−1), a technique approved by the Honorary Commission for Animal Experimentation (CHEA). The collected individuals were fixed in 10% formaldehyde and transported to the laboratory for further analysis. All individuals was classified at the species level. The number of individuals captured were corrected following Texeira de Mello et al. [60], estimating density (ind/m2) and fish biomass per square meter (BM, g/m2). To avoid species abundance effects, rarefaction curves were generated with the statistical package iNEXT to calculate the observed and estimated richness, thus making possible the evaluation of this sampling method’s performance [61,62]. Finally, species richness, number of individuals, density, and biomass per square meter were compared between seasons using a repeated measures ANOVA in the free R software (version 4.1.3) [63].



At each site, physicochemical parameters of the water were measured using a YSI 600OMS-V2 multiparametric probe (pH, conductivity, temperature, and dissolved oxygen), Xylem Inc., Washington DC, USA. Additionally, water samples were taken for subsequent nutrient analysis in the laboratory (total phosphorus and total nitrogen). All physicochemical variables were compared between seasons using a repeated measures ANOVA in the R software (version 4.1.3) [63].




2.2.6. Off-Farm Feed


Three indicators were included in this section: (a) an inventory of the off-farm feed being used established; (b) traceability systems for feed stuff implemented; and (c) the share of imported feed–total from areas that are certified/deforested/of high conservation value.



Information about the composition and volume (weight) of the off-farm feed and its production origin was obtained from interviews with farmers and searches for information.




2.2.7. Landscape-Scale Conservation


Two indicators were addressed: (a) measures to promote connectivity identified and implemented, and (b) landscape heterogeneity.



Information about the heterogeneity of the landscape was obtained from the land use and land cover annual map 2019 of MapBiomas Pampa, Collection 1 [64]. Using the free software Q-GIS (version 3.16.12) [35], the map was cut with a buffer area of 10 km around each farm and processed using the Landscape Ecology Statistics (LecoS) plugin [65] to obtain the landscape proportion, largest patch index, and effective mesh size [66,67] of each land use or cover (Forest Formation, Forestry, Wetland, Grassland, Farming, Non-Vegetated Area). In addition, through the interpretation of the environment maps, the physical elements that impede the mobility of organisms along natural corridors or habitats and the measures implemented to overcome them were identified.






3. Results


3.1. Habitat Protection Indicators


A geographic information system (GIS) was used to map the different natural and modified environments of farms (Figure A2).



None of the properties are included in the National System of Protected Areas of Uruguay (SNAP). The only protected environment with legal regulations is the native forest [68]. None of the farms had degraded areas under restoration management. Table 1 shows the percentage of semi-natural (densely vegetated grasslands, sparsely vegetated grasslands, and native forests) and modified environments (cultivated pastures, forestry, dams, and buildings) for each farm. The dominant vegetation on all farms was grassland.




3.2. Habitat Change


Based on the study of Carrasco and Beretta [38], part of the soils of farms 3 (2%) and 5 (24%) (F3 and F5, Figure A3) would experience an average annual soil loss of 7 ton/ha/year.



In farms 1, 2, 3, and 5, the proportion of area with values of the soil component of the EII lower than 3.5 was 2, 11, 6, and 15%, respectively. In farms 2, 3, and 5, the lowest values for the soil component generally coincided with cultivated pastures. The main reason for the EII soil component rating drop in these paddocks is the proportion of bare ground recorded. In farms 4 and 6, there were no values lower than 3.5 (Figure A4).



All farms with cultivated pastures (F2, F3, and F5, Figure A2) have a management plan to prevent soil erosion. In all farms, direct sowing is used, perpendicular to the slope. The buffer zones around the water courses or drains are not sown.



According to the livestock holding capacity calculated for cultivated pastures and the concept of “safe stocking rate” for native grassland [41], which establishes references for each ecoregion of the country, farms 1, 4, and 6 were over the sustainable carrying capacity of the farmlands (Table A1).



The habitat conversion area, for farms 1, 4, and 6, in which the forage base of the productive system is based exclusively on native grasslands, had a substitution area of only 6.2, 0.5, and 0.8%, respectively. Farms 2, 3, and 5, in which there was a percentage of substitution of native grasslands for cultivated pastures, presented a modified area of 32, 31, and 34%, respectively. Table 1 shows the proportion of habitat conversion for each farm.




3.3. Wildlife Conservation


3.3.1. Flora


No special management or actions were implemented by farmers for the conservation of tall grasslands, which is an endangered ecosystem and is the habitat with the highest number of threatened species.



Abundant information was obtained for the selected groups of flora and fauna. For the herbaceous vegetation of native grasslands, between two and four different communities were recognized on each farm (Figure A5). These communities include sparsely vegetated grasslands, densely vegetated grasslands, tall and densely vegetated grasslands, and scrubland.



Results of the phytosociological surveys of these communities found a total of 104, 54, 138, 149, 119, and 114 species of vascular plants on farms 1 to 6, respectively. The families with the highest species richness were Poaceae, Asteraceae, and Cyperaceae for farms 1, 2, 3, and 5, while they were Poaceae, Asteraceae, and Fabaceae for farms 4 and 6 (Table 2).



For Poaceae, the dominant species were Axonopus fissifolius (Raddi) Kuhlm (farms 1 and 2), Paspalum notatum Flüggé (farms 4, 5, and 6), and Andropogon lateralis Nees (farm 3). For Asteraceae, Baccharis coridifolia DC. (farms 2, 4, 5, and 6), Vernonanthura nudiflora (Less.) H. Rob. (farm 1), and Baccharis trimera (Less.) DC (farm 3). For Cyperaceae, Cyperus brevifolius (Rottb.) Endl. ex Hassk (farm 1), Eleocharis dunensis Kük (farm 2), Carex bonariensis Desf. Ex Poir. (farm 5), Cyperus polystachyos Rottb. (farm 3), Carex phalaroides Kunth (farm 4), and Eleocharis montevidensis Kunth (farm 6). For Fabaceae, Galactia marginalis Benth (farms 2 and 5), Adesmia punctata var. sessiliflora Davyt and Izag. (farm 3), Adesmia bicolor (Poir.) DC. (farm 4), Trifolium polymorphum Poir (farm 6), and Adesmia sp. (farm 1).



A total of 13 herbaceous species considered a priority for conservation in Uruguay were recorded across five of the farms, with farm 2 being the only one where no such species were found (Table 3).



Overall, 18 exotic herbaceous species were found throughout the surveyed paddocks of all farms, but most of them with average spatial coverage values below 1% in any given community. The only exception was Cynodon dactylon (L.) Pers., which was found to be very prevalent in farms 1 and 5, but mostly in farm 2, with coverage values ranging up to nearly 75% in some plots and averaging 42% for one of the communities. Incidentally, farm 2 had the lowest amount of plant families and species out of the six farms by a considerable margin. The complete lists of species and their relative coverage within each community are presented in Tables S1–S7.



In the case of woody native forest communities, 63, 41, 27, 55, 36, and 64 species of native trees were listed for farms 1 to 6, respectively (Table S8). Through the REDD+ integrity assessment protocol, the richness, Shannon diversity index, and soil and canopy cover (Table 4) were obtained for four farms that had more than 1% of their area occupied by native forest. Farm 4 had two types of native forests, riparian (F4.1) and ravine (F4.2), which were sampled separately.



Three woody species considered a priority for conservation in Uruguay were recorded: Allophylus guaraniticus Radlk. on farm 4, Banara umbraticola Arechav. on farm 4 and 6 and Pomaria rubicunda (Vogel) B.B. Simpson and G.P. Lewis on farm 6.




3.3.2. Fauna


In the spiders’ study, 13,406 individuals belonging to 28 families were collected, among which the families Linyphiidae (17.5%), Philodromidae (13.7%), Lycosidae (13.2%), Salticidae (9.7%), Oxyopidae (8.2%), Araneidae (7.4%), Anyphaenidae (6.7%), Theridiidae (6.1%), Thomisidae (4.1%), and Hahniidae (3.8%) were the 10 most abundant of the entire sample, representing 90.6% of the total. One hundred and three species/morphospecies were identified out of a total of 3268 adults (Table S9). Table 5 shows the values of species richness and diversity (Shannon’s index) of the studied paddocks. The sampling efficiency was similar in all the sampled paddocks, and it was observed that all the species’ rarefaction curves approximated the asymptote (Figure 1).



Significant differences were found in the number of spiders and the number of species between collection techniques (t = 6.45, p < 0.0001; t = 6.49, p < 0.0001, respectively; Table 6). Regarding the differences between the species recorded by technique, more exclusive species were reported with g-vac than with pitfalls (Figure 2). In total, 59 species were recorded with both techniques. More individuals and species of spiders were collected in the warm seasons, registering almost the same number of species in spring and summer, although more individuals were recorded in summer and 20 species were found exclusively in this season (Table 7).



Two species of spiders considered a priority for their conservation in Uruguay were registered: Mesabolivar tandilicus (Pholcidae) on farm 1 (only in native grassland) and Aglaoctenus lagotis (Lycosidae) on farms 1 and 2.



The number of bird species recorded was 170, 148, 127, 132, 175, and 145 from farms 1 to 6, respectively (Table S10). Of these species, 31 are considered a priority for their conservation in Uruguay. Table 8 shows a list of them and their presence by farm.





3.4. Invasive Species


Few invasive alien species were detected from several taxonomic groups. The presence of herbaceous invaders such as Cynodon dactylon was recorded in all the farms, Senecio madagascariensis Poir. in farms 1, 3, and 5, and Eragrostis plana Nees. in farms 1 and 2.



Within the woody species, individuals of Gleditsia triacanthos L. were found on farms 1, 2, 3, and 4, Populus alba L. on farm 1, Melia azedarach L. on farm 6, and individuals of Pinus spp. on farm 1. Of these species, only G. triacanthos was considered to have a high level of presence, corresponding to farm 1.



Sturnus vulgaris, an invasive bird species, was recorded in farms 3, 4, 5, and 6, and Carduelis carduelis on farm 3.



Invasive fish species were not detected in any of the analyzed streams.



Farms 1 and 2 had a management plan for the control of E. plana that consisted of the application of glyphosate with a backpack, locally on the detected plants. Farm 2 also controlled G. triacanthos by cutting its trees, and farm 5 controlled S. madagascariensis by managing the sheep stock.




3.5. Pollution and Aquatic Biodiversity


All farms apply phosphorus (P) fertilizers, and those with cultivated pastures also use nitrogen (N). In all farms except F1, soil analysis is carried out before fertilization, and a certain distance is kept from water courses to reduce the risk of nutrient loss through leaching and run-off.



Herbicides were used by all farms, except F4, and all used veterinary products. All farmers stated that the applications are carried out according to factory or technical recommendations and away from water courses. Plastic waste and packaging of agrochemicals and fertilizers are safely stored on all farms to be later transferred to plastic recycling plants, except for those on farm 5 (F5), which are taken to garbage dumps or burned on the farm because there are no recycling centers in the area.



Fencing for livestock exclusion was only identified in some streams on farms 3 and 5. A stream was recorded on farms 2, 3, and 5 with a thin buffer zone (between 1 and 5 m wide). The other streams in all the properties had a buffer zone width greater than 15 m.



3.5.1. Water Quality


Stream water quality parameters showed variability between farms and with season (between summer and winter). Water temperature was significantly higher in summer than in winter (F = 1160, p < 0.00001), while the concentration of dissolved oxygen in water as well as the percentage of oxygen saturation were higher in winter than in summer (F = 6.27, p = 0.04 and F = 25.01, p = 0.001, respectively). Water conductivity was significantly higher in summer (F = 6.59, p = 0.03), while specific conductivity (corrected at 25 °C) did not show differences between both seasons. Since conductivity is temperature-dependent, differences between summer and winter are the result of water temperature and are not related to other environmental factors.



Total nutrients in water showed lower p values with means of 27 µg/L in summer and 15 µg/L in winter, and intermediate to high N values with means of 341 µg/L for summer and 533 µg/L in winter. Another important parameter that showed high variability was dissolved oxygen, with lower values in the summer (Figure 3). It is important to highlight the low water quality of some streams. In summer, systems F4.2 and F5.1 presented the highest values of total nitrogen (both with 706 µg/L) and anoxia values of 1.24 mg/L (16.7% O2 saturation) and 0.62 mg/L (8.4% O2 saturation). Moreover, sites F2.1 and F3.1 presented hypoxia with 2.58 (31.0% O2 saturation) and 3.12 mg/L (36.4% O2 saturation), respectively. Contrarily, site F6.2 presented oxygen supersaturation of 125.9% (9.36 mg/L). In winter, the maximum values of total nitrogen were detected in F3.1 and F4.2, with 1384 and 743 µg/L respectively. At this time, the sites F4.2 and F5.1 presented oxygen supersaturation values of 117.7% and 134.8%, respectively.




3.5.2. Fish Community


A total of 10,951 individual fish belonging to 13 families and 46 species were collected in the summer and winter. The families with the highest species richness were Characidae (34.8%), Cichlidae (21.7%), Loricariidae (8.7%), and Heptapteriidae (6.5%). Considering the number of individuals, the family with the highest abundance was Poecilidae (71.7%), followed by Characidae (18.1%), and Cichlidae (4.9%) (Table S11). The great abundance of the Poeciliidae family corresponds to individuals of Cnesterodon decemmaculatus (7024 individuals) collected at site F3.1, which is the stream with the lowest species richness, with only six species combined in both summer (6) and winter (4).



Richness, number of individuals, density, and biomass were higher in summer than in winter (Table 9). The difference in species richness between both seasons corresponds to a higher richness per stream but strictly does not represent a higher number of total species collected in the summer (43 species) than in the winter (41 species). The species exclusively collected in summer were: Ancistrus taunayi, Gymnogeophagus peliochelynion, Hisonotus charrua, Oligosarcuso ligolepsi and Synbranchus marmoratus; during winter, there were: Characidium tenue, Hyphessobrycon togoi, and Rhamdella longiuscula.



The estimated species richness (via rarefaction) at the stream level was higher or equal in eight of the eleven streams, following the general pattern observed. However, F1.2, F4.1, and F6.2 showed an unexpected pattern with higher species richness in winter. Moreover, Shannon’s diversity follows a pattern similar to that of richness (Table 10). The ratio between observed and estimated species richness showed a good performance of the sampling methodology. In summer, the observed richness represented 85 ± 8% of the estimated richness, while in winter there was a higher dispersion of 83 ± 17%. This higher dispersion is caused by site F1.2, where 15 species were observed and 31 were estimated during the winter. This estimation could be affected by the low number of individuals representing many species since 53% of the species were represented by a single individual.



The species Ectrepopterus uruguayensis, Hoplias argentinensis (ex. H. malabaricus), Gymnogeophagus meridionalis, Gymnogeophagus rhabdotus, Gymnotus omarorum, Corydoras paleatus, Rhamdia quelen, Otocinclus arnoldi, Rineloricaria longicauda, Scleronema angustirostre, Astyanax jacuiensis, Ancistrus taunayi, Hisonotus charrua, and Synbranchus marmoratus are priority species for conservation in Uruguay, with the last three occurring only in summer. Analysis at the farm level shows the presence of PSC in all farms (average 4); two of the sites with poor water quality (F3.1 and F5.1) had the lowest number of PSC. It is worth noting that farm F3 has the most deteriorated stream with no PSC (F3.1) and one of the streams with the highest amount of PSC (F3.2) of all the systems sampled (Table 11).





3.6. Off-Farm Feed and Supplements


All the farms used grains and/or salts bought in the local market (a maximum distance of 100 km from the farms). Although all foods are produced domestically, some of them use foreign-sourced products in their composition, whose specific area of origin cannot be traced. Farm 4 was the only one that used 100% national food production and composition. In all cases, the use of off-farm feed was minimal; the grains were supplied only to calves for a maximum period of three months. Table 12 shows the inventory of off-farm feed used by farms, its volume, and its origin.




3.7. Landscape-Scale Conservation


Habitat mapping around farms (Figure 4) shows the predominance of natural/semi-natural communities. In the case of farm 3, the farming area in the surroundings is important, and forestry is an important land use in the landscape of farm 1 (Table A2). The dominant environment in the landscape around all farms and the least fragmented is grassland (Table A2, Table A3 and Table A4).



The only identified element that could constitute an obstacle to the mobility of wildlife between habitats were fences, but most species of fauna can cross them without problem, with the exception of the Rhea americana (Greater Rhea). No measures were identified to overcome this obstacle on any farm.





4. Discussion


4.1. Habitat Protection and Habitat Change


These first groups of indicators include the regulatory framework and actions adopted by farmers for conservation. This is the result of the revision of local and national regulations, which in the case of Uruguay are easily available, and interviews with the farmers to learn about their action plans and measures taken towards conservation. Although in principle it does not seem to have practical difficulties, in each case of application around the world aspects of accessibility to official information and a clear regulatory framework may condition the result. The second aspect to consider is cultural or personal aspects that may limit the responses of farmers to questions about their actions and decision-making. In this sense, most of the information could be obtained without difficulty for the six study cases.



For most of the indicators in these groups (especially those that involved mapping and area calculation), GIS layers were created. This was the end product of several stages, starting with the clear definition of the study areas, then an inventory and delimitation of the different environments present on each farm, as well as their management units. The incorporation of existing information for the study areas, field validation, and the modeling of information obtained using other methodologies such as the Ecosystem Integrity Index [40] followed.



It should be noted that although validation and field work were necessary for almost all stages, both Uruguay and the region have a lot of open-access geographic information (satellite) that improves and facilitates work [36,64].



The maps made by Carrasco and Beretta [38] based on the USLE/RUSLE model (widely used in Uruguay for land use and management plans, mandatory in agricultural systems) [39] were very useful to identify the risk of soil loss by erosion in areas with different uses. To identify existing situations of degradation related more specifically to livestock management, the Ecosystem Integrity Index was a useful tool [40]. By evaluating various characteristics related to the components: vegetation structure, plant species, soil, and riparian zones, it allowed the collection of a large amount of information for various indicators and served to distinguish situations of degradation related to livestock management at the paddock level or related to the management of cultivated pastures destined for cattle feeding.



The indicator that was the most difficult to monitor was “Livestock density” since stocking rates and forage availability are very dynamic and variable measures over time. For this study, only average values were obtained for the farm and not for paddocks or environments, potentially hiding possible overgrazing situations. The carrying capacity calculated for the pastures was carried out in a very simplified way and based on bibliography due to the lack of particular data for each farm. Furthermore, the “safe load” reference is a general value and is not useful for this indicator, for which it is necessary or at least desirable to have more local data. The amount of forage that is produced on each farm and even in the different environments within the farm is variable (due to the hydric and thermal regimes, soil conditions, etc.) so the same stocking rate may imply a different supply of forage per animal and therefore different grazing intensities [69]. In this sense, Soca et al. [69] propose this as a tool to calculate the intensity of grazing, the control of the offer or level of forage allocation (kg of dry matter (DM) per 100 kg of live weight). This indicator is also very dynamic and variable at the paddock level and therefore difficult to measure. An approximation could be a satellite estimate of the net primary production (NPP) [70] divided by the average annual stocking rate recorded, if possible per paddock.




4.2. Wildlife Conservation


This assessment requires qualified specialists and extensive field work. Therefore, it requires a high degree of interdisciplinary work and relatively high economic costs, requiring a careful analysis of the scope and the necessary specialists.



Regarding the evaluation of the state of wild populations, in this study, the criterion of incorporating representative classes of different phyla for the animal and plant kingdoms was adopted. In this sense, vascular plants for the dominant habitat (native grasslands) in reference paddocks and a list of species and diversity of woody species in native forests were selected for the plant kingdom. In the animal kingdom, a representative of terrestrial vertebrates (birds) and a representative of terrestrial invertebrates (spiders) were selected. Although it is considered in another group of indicators (pollution and aquatic biodiversity), fish were incorporated as vertebrates to represent the aquatic ecosystem.



In relation to the protection of habitats for species with high conservation value, some of them have legal protection. In this sense, the Uruguayan Law prohibits logging (except for domestic use) and “any operation that threatens the survival of the native forest” without authorization of the Agriculture Ministry [68]. This seeks the conservation of natural forests. Regarding fauna, hunting, capture, or sacrifice of wild animals and legally protected species is prohibited [71].



4.2.1. Birds


Birds are a good model for studying the state of ecosystems because there are species that occupy all trophic levels. The high richness recorded is not surprising since 90 species of birds inhabit the Uruguayan grasslands, to which the forest inhabitants are added, a habitat that is normally present in the country’s farms (and was present in all the case studies). Of these species, several are considered priorities for conservation due to the significant decrease in their national population size, the low natural effective density of their populations, and the loss of habitat [72,73]. Brennan and Kuvlesky [74] have suggested the population decline suffered by most grassland birds in North America due to habitat loss highlights “a major conservation crisis”. In Europe, between 1970 and 2000, 70% of grassland birds and other agroecosystems’ “farmland birds” decreased in abundance [75], mainly due to agricultural intensification [76]. In the grasslands of the Río de la Plata, at least 22 species of birds that inhabit the pampas and campos are threatened, both on a regional and global scale, and many others have decreased their population size considerably [72,77,78]. Many of these species were recorded on the sampled farms.



With regards to the methodology for assessment, birds are mostly diurnal and have identifiable vocalization, which facilitates their detection. In this study, McKinnon lists [79] were selected because they are an efficient method for listing most of the species inhabiting a certain area, independently of the environment, with a reasonable approximation to the proportion of each species within the community. Additionally, it can be done by less skilled observers, although it probably requires additional time. The main disadvantage is that easily detected or less common species’ proportions will be overestimated [54], which happens especially if large lists are used. In our experience, the method turned out to be very efficient for the detection of a large number of species with a reasonable sampling effort. In this study, 15-species lists were used, which is a large number for environments where the density of birds is low, such as pastures. The use of 10-species lists could improve efficiency by reducing the time needed to finish each list and reducing the overestimation of the proportion of common species and the underestimation of rare ones.



In tropical zones where richness is high, the sampling efficiency for point counts and the bioacoustic method is high [80]. Other methods, such as line transects commonly used in extensive open habitats, are very effective at determining population densities, especially when distance sampling methods are used, but they require very capable observers and a large sampling effort if knowledge of the richness and diversity of large areas is wanted [54].




4.2.2. Spiders


Spiders were chosen because, as a mega-diverse group, they are excellent study models for evaluating environmental impacts. They are the seventh group in species richness within arthropods, with more than 50,000 species known worldwide [81], and they are found in almost all terrestrial ecosystems and are generalist predators that play a fundamental role as biological controllers of pests in agroecosystems, thus providing an important ecosystem service [82]. The results obtained confirm spiders as a very useful group as a model for conducting diversity surveys and evaluations in grassland environments, such as cattle ranches, as has already been mentioned in other studies [83,84]. Additionally, they are good study models for estimating biological diversity, as well as for conservation and environmental quality as bio-indicators [85]. In recent years, the importance of this group has increased from a biodiversity conservation point of view [86]. Even in Uruguay, there are already lists of priority arachnids [57], and in the samplings, species that are on these lists were found, generating more importance to the livestock grasslands of the region.



It is difficult to know which sampling technique is the most efficient and easiest to use in diversity survey studies such as those required in the LEAP guidelines. It could be considered that the use of complementary techniques, such as those used in this study (g-vac and pitfalls), allows for a broader panorama of the grassland spider community, recording ground and vegetation species. In this study, the g-vac method collected three times as many specimens and more than twice as many species as the pitfalls. These lower numbers in pitfall traps compared to other techniques were recorded in other inventory studies with spiders [87]. Furthermore, g-vac requires a much lower budget in time and money compared to pitfall traps [88,89]. The g-vac technique ensures that samples are not lost when taking them, since the pitfall traps are exposed to rain or the actions of animals. However, pitfall traps are highly recommended for diversity inventories [83], and this is because a large percentage of adults are obtained, it is a measure of individual activity, and it allows collection of spiders that live at ground level and are not recorded with other methods (for example, in this study the spiders of the Lycosidae family were collected almost entirely with pitfalls).



According to the rarefaction curves, the total number of samples used could be considered efficient for this type of diversity survey with minimal effort. If the number of samples is reduced in order to reduce costs and time, many species would be lost, since with half the samples, between 10 and 15 fewer species are recorded in some paddocks. When comparing the sampling dates, although the number of species increases when working in the four seasons, clearly the summer period is much more effective for carrying out surveys of spiders, and a greater number of species and individuals are obtained than in the colder dates.



With the results obtained, if shorter times and reducing economic costs were required, the recommendation is to carry out a survey only in the summer or on two dates in the spring and summer, with the g-vac technique that allows obtaining a large number of specimens and species in a short period of time.



Although some capture techniques, such as those used here, can be carried out by people without previous training or experience, the identification of specimens at the species level requires the participation of specialists in the subject [87].



A large number of specimens and species of spiders were obtained for this study. The diversity values were high compared to other ecosystems in the region [90,91]. Aglaoctenus lagotis (Lycosidae) and Mesabolivar tandilicus (Pholcidae) were recorded (Table S9), two species considered a priority for their conservation [57]. Both species were not recorded in large numbers, which may be due to the fact that the techniques used are not adequate to collect them due to their lifestyle. Mesabolivar tandilicus was found exclusively in native grasslands, which shows the importance of conserving these environments.




4.2.3. Herbaceous Species


The study of the flora and herbaceous vegetation of the native grasslands is essential since they are environmentally important and the main feeding source of the six farms in the study. Native grasslands are the dominant plant formation in Uruguay, occupying 66% of the national territory [34]. They reside within the Río de la Plata Grasslands, one of the most important temperate grassland regions in the world [92].



The sampled grasslands presented a great heterogeneity of communities and different strata. Livestock influences the conservation of grassland diversity since it can modify its structure and floristic composition [93,94]. Knowledge of the species that comprise the community is essential to determining grazing management strategies to prevent and control the degradation processes of this environment [95,96,97].



The heterogeneity of the environment at the local scale (even at the paddock level, such as those sampled) also contributes to the maintenance of the diversity of some faunal groups, such as soil invertebrates, by providing different niches and refuges [98,99].



Sampling native grassland herbaceous species in livestock production systems is complex and requires the support of specialists since most species are grazed, making their identification difficult.



Some of the surveys were carried out during the months of February and March, which is not the optimal time to carry out a characterization of the flora since many of the plant species are in a vegetative state or remain only in reserve structures. It is recommended to carry out the surveys from October to December, a period in which most of the species present reproductive structures that enable and facilitate their identification. Ideally, a survey would include sampling in both seasons, late spring/early summer and late summer/early fall, so as to coincide with the two big flowering peaks of plants in this region and therefore obtain a more complete record of all species present.



Being the basis of livestock feeding and therefore subject to grazing and animal selectivity, the diversity conservation of this stratum represents a challenge. The priority species for conservation were recorded at low frequencies. Any conservation strategy must consider aspects of palatability for livestock in addition to the ecological conditions that favor them.




4.2.4. Woody Species


Forests host most of the world’s terrestrial biodiversity [100]. Although Uruguay has a low forest area (about 5%) [34], these constitute the habitat for a large number of plant species (136 tree species, 150 shrub species, and 120 fern species have been identified) and animals (approximately 50% of mammal and bird species are linked to the forest) [101] and provide valuable ecosystem services such as climate regulation, carbon sequestration, water quality regulation, watershed conservation, etc. [100,101,102,103,104]. Riparian forests are the most abundant type and form a buffer strip along most of the country’s rivers and streams [101,105]. Forests also provide important services to production systems, such as refuges and shade for livestock [102,106].



To identify and reverse the causes of native forest deterioration and improve its quality, Uruguay joined the REDD+ initiative that emerged under the United Nations Framework Convention on Climate Change [107]. Among the many objectives of this initiative, the development of a protocol for the evaluation of native forest integrity is included. The REDD+ integrity assessment protocol was used for this study as it involves the evaluation of multiple attributes to obtain an approximation of the conservation status of native forests and allows the calculation of species diversity indices. It is also a valuable tool to detect evolution over time and changes due to management practices.



The richness of the studied farms is greater than what the transects were able to capture, probably due to the number of environmental variants in the microsites. Data recording during the application of the Ecosystem Integrity Index was complementary and generated a broader record of the farms’ woody species richness. Considering the proposed reference for interpretation of results [49], the richness, soil cover, and canopy cover are considered good. However, the average number of seedlings is variable within the farms, being good for farm 1 but intermediate for the rest of the farms. This is probably caused by the grazing effect, and it is a matter that must be addressed since it could affect the renewal of the forest. Livestock systems can generate impacts on native forests. Depending on management, cattle can alter these ecosystems by affecting species regeneration, reducing herbaceous vegetation, dispersing seeds of invasive exotic species, and generating erosion and soil compaction [106,108,109]. Likewise, it has been shown that measures such as the exclusion or control of livestock entry to forests by fences help to prevent these damages or improve the conservation status of these ecosystems [106].



Although the area of native forests in Uruguay has increased in recent years [110], they are undergoing degradation processes. Two of the biggest threats are invasion by exotic species and agricultural expansion [101].



In future work, an increase in the number of sampling points should be considered to capture the existing richness. In any case, one of the main objectives should be the evolution of the sites sampled over time in order to evaluate the effect of eventual interventions to improve the state of forests, not only in terms of richness and diversity but also in structure.





4.3. Invasive Species


Invasive alien species are one of the main threats to biodiversity, they cause extinctions, produce changes in the composition and functioning of ecosystems, cause economic losses, and impact human and animal health [111,112,113]. Some of these species were recorded in this work, such as Eragrostis plana and Gleditsia triacanthos.



A recent study by Olivera and Riaño [109] showed that approximately 2.6% of the native forest area in Uruguay is invaded by two of the most aggressive exotic species present in the country, Ligustrum lucidum and Gleditsia triacanthos.



Invasive exotic herbaceous and woody species threaten the diversity of grasslands and forests, and impact livestock productivity by reducing forage quality (low palatability) and/or quantity [102,114,115,116].



Although a low incidence of exotic species has been reported in Uruguayan grasslands with extensive uses [117], some hazardous invasive species were identified that represent a great risk to local species communities and populations and can cause important economic and ecological impacts for Uruguay and the region [109,116,118,119].



Livestock can contribute to the seed dispersal of invasive plant species [120,121], but through grazing management, it can play a dual role with respect to native grasslands invasions. Cattle generate direct damage to plants through consumption; also, the intensity of grazing influences local resource availability (space, water, light, nutrients, etc.) and can be used as a regulator of the competition processes in grassland plant communities (altering vegetation structure and species richness) [115,116,122]. Therefore, grazing management can favor or limit the availability of resources for invaders, and consequently be used as a control tool, as in the case of farm 5.



There were no problems in the identification of exotic invaders by specialists, especially with the fauna and flora surveys carried out previously, but the ease of identification of exotic invasive species by farmers depends on the taxonomic group, on the information obtained through campaigns of recognition and control of these species, and on the risk they represent for the production system.



Although some control measures were recorded, few of the invasive species identified were under a management plan with strategic actions, a systemic view, and multi-year planning. Managing biological invasions requires great effort and economic resources that not all farmers have or are willing to provide.



In general, producers recognized only the most important or aggressive invaders and controlled those that affect agricultural production, affecting direct use values (e.g., forage or crop production). The loss or alteration of indirect use values (regulating and supporting services, e.g., natural pest control, soil fertility, water purification, etc.) or non-market-based ecosystem services by invasive species is often overlooked or underappreciated because they are poorly understood [114].



It is important that producers know the invasive alien species present inside the farm as well as in the surroundings and can predict the impact or consequences of agricultural and livestock management decisions in order to prevent the invasion of their production systems (especially related to flora).



Regarding certain taxonomic groups or at scales that escape the control or prevention of farmers, it is also necessary, as mentioned by Fonseca [118], to establish coherent national and regional legislation and socio-environmental education on the subject.




4.4. Pollution and Aquatic Biodiversity


4.4.1. Water Quality


Water quality monitoring allowed us to assess the effect of land use [123,124] and detect differences between the streams studied and both seasons. The P concentration of the streams analyzed showed generally good water quality, with values lower than 25 µg P/L of total phosphorus (TP), which is the upper limit value in the current regulations [125]. This limit is rarely exceeded in systems of low intensity land use, such as extensive cattle ranching in Uruguay [126]. In the case of N, most of the sites also correspond to low-intensity land use systems [126]. Two streams presented values that can be considered as values corresponding to systems between low and high agricultural intensities (>700 µg/L) [124,126]. Therefore, it is necessary to pay special attention to the spatial and temporal variability of nitrogen in these systems. In addition, the same systems that presented elevated nitrogen concentrations in water also presented dissolved oxygen values that corresponded to hypoxia-anoxia values or supersaturation values. The first case represents evidence of a high organic matter load where decomposition processes outweigh oxygen production, and in the second case, an excessive production of oxygen by the primary producers [127]. These symptoms represent eutrophication processes, which in the case of land uses with low nutrient application may be due to direct access of livestock to watercourses, something that was observed in some of the sampled sites. This can occur particularly in cases of hypoxia and anoxia, where the entry of livestock, in addition to direct urine and feces, generates locally an important removal of sediments, making organic matter available in the water column with the consequent consumption of oxygen [128]. In addition, by increasing turbidity, the entry of light for primary producers is prevented, again favoring oxygen consumption. Situations of oxygen supersaturation correspond to systems with a high development of primary producers (mainly periphyton) due to the availability of nutrients and clear water [127]. The sampling strategy allowed us to see the importance of implementing the monitoring of physical-chemical parameters at different times of the year, in accordance with other high frequency monitoring strategies [123,124].




4.4.2. Fish Community


Fish play a fundamental role in the food web and functioning of inland water systems and can affect nutrient translocation and predator-prey interactions in all habitats, as they exhibit a great diversity of feeding modes and are generally the top predators within the aquatic system [129]. Moreover, the analysis of fish community biomass is considered a functional response of the system as well as an ecosystem service [130]. The monitoring system used in this work proved to be effective, allowing the capture of more than 40 species, including rare taxa, with the number of species observed exceeding 80% of the estimated number of species. The sampling strategy used has been previously validated when compared to monitoring systems that involve a greater sampling effort, so it generates a lower impact on the system [131]. Fish communities are used worldwide in biomonitoring programs to assess the effects of land use due to the existence of species that are sensitive or tolerant to changes in water quality and physical habitat modification [132]. In Uruguay, there is clear evidence of different types of fish communities’ responses to different land uses [130,133,134].



The systems analyzed presented a diversity of species similar to systems with low impacted land use [60,131]. The results of the performed monitoring, combining water quality and fish communities, showed coincidences between lower water quality and a deteriorated fish community, with low species richness and dominated by Cnesterodon decemmaculatus, a tolerant species and an indicator of environmental deterioration [130,133,134]. The coincidence between poor water quality and a deteriorated fish community indicates that the situation of environmental degradation has been maintained over time since disturbances at a specific moment in time do not generally affect the fish community.



Another relevant aspect to consider in the evaluations is the presence of priority species for conservation. In this study, the presence of priority species was observed in all the farms, indicating the importance of maintaining the diversity of these systems. On the other hand, it is important to mention that this list [135] should be updated since it is almost 10 years old and there have already been taxonomic revisions that have generated changes for our country (e.g., Hoplias malabaricus change to H. argentinensis), as well as descriptions of new species that, based on their restricted distribution and the interest of their use in aquarism, should be included as priority species (e.g., Gymnogeophagus peliochelynion).





4.5. Off-Farm Feed


Given the globalization of agricultural supply chains, the environmental effects of a livestock system can occur in multiple geographic areas [32]. The expansion of croplands for livestock feed purposes can encourage deforestation, the removal of wildlife habitats, and generate significant impacts on biodiversity and ecosystem services by the replacement of high conservation value environments [26,136,137,138].



In this sense, the engagement of livestock farmers (and other stakeholders) who use imported feed is necessary so that they can understand and be informed about the impacts generated by the products they buy in their place of origin [2]. However, foods produced outside the farm (such as salt, grains, or energy concentrates) in extensive systems in Uruguay, such as those studied, are generally nationally produced and used in low volumes with strategic objectives. They are used to cover the requirements of certain categories when their physiological demand is high and/or at times when the forage supply is low or of lower quality.



This indicator arises from the life cycle analysis methodology, that is, the impact generated on biodiversity by the production cycle of that food imported to the farm as an input. The most measurable indicator is the area assigned to the production of food, such as grains or fodder, which implies replacing the native community with a crop. In this case, an estimation of the impacted area could be assigned based on the average productivity (kg/ha) of each crop and the consumption of food (kg) of each farm.



For example, in the case of corn grain, which has an average yield of 6000 kg/ha in Uruguay [34], we could say that farm 2 affects 40.8 hectares dedicated to cultivation; but also, in this case, there are several considerations that make it difficult to assign an impact on biodiversity, for example, that it is a seasonal crop and therefore that area of land has another use for half the year (shared impact).



Another additional difficulty is when it comes to industrial by-products, such as the case of corn DDGS or rice bran. In these cases, the area could be counted according to the percentage that this by-product represents over the total grain. Another challenge for analysis is that the negative impact generated in the crop production area or the possible increase in the livestock stocking rate could be partially offset. This is because of the positive effect that the correct use of strategic supplementation can generate in the states of the native communities of grasslands [139,140].



Considering that the determination of the impact depends not only on the replaced area but also on how this crop contributes or does not contibute habitat to certain organisms, in the near future, a better approximation can be to have average EII values of the different crops in order to have a quantifiable measure of the impact on ecosystem integrity.




4.6. Landscape-Scale Conservation


Nowadays, there is a large and growing amount of open-access geographic information as well as tools with functions that facilitate the calculation of landscape metrics [35,64,65].This improves the efficiency of the planning, design, and management of ecosystems [141,142]. For this, it is necessary not only to analyze the structure of the landscape but also to understand how some organisms or agroecosystems interact with the surrounding landscape matrix [143,144,145].



There are many landscape metrics that allow the study of its structural patterns at different levels (patch, class, and landscape) [67,146]; the decision of which to include depends on the research objectives, the different aspects of the landscape structure to be analyzed, and their relationship with certain ecological processes of interest [112,119,143,147,148].



Based on a previous study of the heterogeneity and fragmentation of the temperate grasslands of South America [149] and the recommendations of the LEAP guidelines [2], for this work, three indices were chosen: landscape proportion, largest patch index, and effective mesh size [66,67].



Landscape proportion (LP) quantifies the number and relative area of different land uses [67]. It was the most basic and useful index to characterize the composition and heterogeneity of the studied areas. The largest patch index (LPI) measures the proportion of the total landscape area comprised by the largest patch of each class, providing a class-level measure of dominance [67]. The greatest advantage of these two indices is their ease of calculation, interpretation, and communication.



Effective mesh size (MESH) is a measure of the degree of landscape fragmentation that has the ability to detect structural differences (“MESH takes into account the patch size distribution of the corresponding class as well as the total landscape area comprised of that class”). This method is characterized by the advantages of being insensitive to the omission or addition of very small patches and for characterizing the subdivision of a landscape regardless of its size (being area-proportionately additive), which makes it effective when comparing the fragmentation of regions with different surfaces [66,67]. However, this index has the disadvantage of not being intuitive and easy to interpret.



The analysis using these indices made it possible to identify the heterogeneity in the composition and configuration of the landscape of which the studied farms are part. Productive activities generate changes in land use and land cover that can lead to the loss, modification, and fragmentation of habitats [150]. All this, together with the loss of connectivity, can impair the movement of individuals and matter in the ecosystem, generating problems for biodiversity and ecosystem services [87,151,152,153,154,155]. Changes in landscape configuration can also generate vulnerability to important degradation processes such as invasion by exotic species [112,119].



Despite the advance of agriculture, forestry, and some intensification strategies in the livestock sector (perennial and annual pastures), native grasslands continue to be the main environment and the feeding base of the activity that occupies most of the Uruguayan territory [34]. The six study farms and their surrounding landscape were representative of this situation. The main vegetation, in all cases, was native grassland, a class that also represented the greatest dominance in patch size and the least fragmentation evaluated through effective mesh size (Table A2, Table A3 and Table A4). In farms 2 to 6, the proportion of environments is very similar to that of the surrounding landscape. In farm 1 (forage base 100% native grassland), the proportion of substituted environments in the surrounding landscape amounts to more than 30%, with commercial forestation being the second most important and least fragmented land use.



Changes over time in these indicators provide important information on large-scale trends in habitat quantity and configuration in the landscape, and they can help to predict and prevent degradation processes associated with these changes.





5. Conclusions


The LEAP assessment guideline is a useful tool to both characterize the state of ecosystems under pastoral use and some specific components of their biodiversity and assess the interaction of the production system with the environment and plan management accordingly.



Some of the indicators recommended by the guide, especially those that include studies of groups of fauna and flora, can be very costly to carry out, in terms of time and money, as well as requiring the support of numerous specialists; therefore, it is necessary to have the appropriate amount of resources so that the studies are as complete and in-depth as possible.



It was possible to generate, for the case studies, the basic information for the set of indicators proposed in the LEAP guidelines, but they must be monitored over time to assess the consequences of management decisions.



In the cases studied, there was a high richness of the species evaluated, many of which are priorities for conservation, demonstrating the importance of maintaining native communities as habitats for wild species. Livestock systems that preserve a great proportion of the land cover as native grasslands and forests will allow the conservation of these environments, increasing their function as reservoirs of biodiversity. Emerging problems such as exotic species invasions are increasing, not only due to the impacts but also due to the low consideration of farmers.



Off-farm food utilization can have negative or positive effects inside the farms but also generate impacts in other places, which are difficult to measure.



The use of indicators, such as the EII, that synthesize a lot of information and give an idea of the state and potential functioning of the ecosystems can be a good strategy to maintain frequent monitoring and allow extending the periods for more expensive indicators.



Establishing regular biodiversity measurement protocols, such as the LEAP Guidelines, is essential to monitoring and maintaining real sustainable systems.



The implementation of the assessment of biodiversity at the local level (farm) is essential to be able to make practical decisions in the improvement of processes and also in the possibility of showing consumers the contributions of systems to conservation.



The main aims of this work are to help in the wider application of the guidelines by facilitating decisions about the methodology, necessary resources, and the necessity of developing a cooperation strategy between the agriculture sector and biodiversity researchers. Moreover, to show the importance of native grasslands-based livestock systems for biodiversity conservation.
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Figure A1. Geographical location of the farms and their productive characteristics. 
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Figure A2. Resource maps. F: farm. 
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Figure A3. Erosion risk maps. F: farm. 
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Figure A4. Ecosystem Integrity Index Soil component maps. F: farm. 
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Figure A5. Plant communities’ maps. F: farm. 
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Table A1. Livestock stocking used and carrying capacity for each farm. B: bovines, S: sheep, LU: livestock units, NG: native grassland, CPCC: cultivated pasture carrying capacity, TCC: total carrying capacity.






Table A1. Livestock stocking used and carrying capacity for each farm. B: bovines, S: sheep, LU: livestock units, NG: native grassland, CPCC: cultivated pasture carrying capacity, TCC: total carrying capacity.





	Farm
	B
	S
	Others
	Total

LU/ha
	“Safe Stocking Rate”

NG
	CPCC
	TCC





	1
	0.70
	0.08
	0.14
	0.92
	0.85–0.90
	0.00
	0.85–0.90



	2
	0.78
	0.06
	0.06
	0.90
	0.80–0.85
	1.09
	0.91



	3
	0.70
	0.04
	0.03
	0.77
	0.70–0.75
	1.21
	0.86



	4
	0.41
	0.31
	0.02
	0.74
	0.65–0.70
	0.00
	0.65–0.70



	5
	0.81
	0.04
	-
	0.85
	0.85–0.90
	1.17
	0.99



	6
	0.61
	0.08
	0.02
	0.71
	0.65–0.70
	0.00
	0.65–0.70
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Table A2. Landscape proportions of each farm (F).
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	Environment
	F1
	F2
	F3
	F4
	F5
	F6





	Forest Formation
	6.6
	0.5
	1.4
	2.0
	0.6
	4.4



	Forestry
	19.4
	6.9
	4.6
	0.3
	12.0
	0.4



	Wetland
	13.9
	2.6
	0.1
	0.0
	10.7
	0.0



	Grassland
	44.7
	76.4
	62.7
	95.1
	48.1
	92.0



	Farming
	12.6
	12.9
	30.8
	1.2
	13.7
	2.0



	Non Vegetated Area
	2.3
	0.5
	0.4
	1.4
	1.3
	0.9



	River, Lake and Ocean
	0.5
	0.2
	0.0
	0.0
	13.5
	0.3
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Table A3. Effective mesh size (km2) of farm landscapes. F: farm.
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	Environment
	F1
	F2
	F3
	F4
	F5
	F6





	Forest Formation
	0.080
	0.00
	0.0077
	0.03
	0.00
	0.24



	Forestry
	12.979
	2.79
	0.0237
	0.00
	0.87
	0.00



	Wetland
	1.406
	0.01
	0.0000
	0.00
	0.78
	0.00



	Grassland
	32.232
	351.62
	140.7748
	249.36
	30.80
	263.49



	Farming
	0.894
	0.44
	6.3827
	0.00
	0.50
	0.02



	Non Vegetated Area
	0.016
	0.00
	0.0001
	0.00
	0.01
	0.00



	River, Lake and Ocean
	0.002
	0.00
	0.0001
	0.00
	9.79
	0.00
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Table A4. Largest patch index of farm landscapes. F: farm.






Table A4. Largest patch index of farm landscapes. F: farm.





	Environment
	F1
	F2
	F3
	F4
	F5
	F6





	Forest Formation
	0.52
	0.0675
	0.297
	0.5824
	0.05
	1.0684



	Forestry
	15.07
	6.5284
	0.340
	0.0087
	2.29
	0.0085



	Wetland
	4.20
	0.1614
	0.008
	0.0003
	2.24
	0.0037



	Grassland
	20.19
	73.2178
	50.718
	55.4189
	18.59
	44.7041



	Farming
	2.83
	1.9315
	9.630
	0.1083
	1.95
	0.3448



	Non Vegetated Area
	0.31
	0.0250
	0.009
	0.0324
	0.27
	0.0500



	River, Lake and Ocean
	0.10
	0.0768
	0.037
	0.0105
	12.47
	0.0356
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Figure 1. Rarefaction curves of spider species based on the number of samples in each paddock studied in the livestock systems of Uruguay. F: farm; NG: native grasslands; P: cultivated pastures. 
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Figure 2. A Venn diagram with the number of shared and exclusive spider species among sampling techniques in the naive grassland of Farm 3. 
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Figure 3. Water quality parameters of the 11 streams studied, mean and SD between summer and winter are shown. 
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Figure 4. Landscape maps. F: farm. White lines show the perimeter of the farms. 
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Table 1. Proportion of different environments in the studied farms (F).






Table 1. Proportion of different environments in the studied farms (F).





	Environment
	F1
	F2
	F3
	F4
	F5
	F6





	Dense vegetated grassland
	76.5
	66.5
	66.1
	46.4
	63.8
	65.2



	Sparsely vegetated grassland
	0.0
	0.0
	2.2
	50.5
	0.9
	26.2



	Cultivated pastures
	0.0
	29.1
	25.1
	0.0
	32.1
	0.0



	Native forest
	15.4
	1.5
	0.6
	2.7
	1.0
	7. 7



	Scrubland
	1. 9
	0.0
	0.0
	0.0
	0.2
	0.1



	Dams
	4.5
	0. 6
	0.3
	0.0
	0.6
	0.3



	Buildings
	0.6
	0.4
	0.7
	0.1
	0.4
	0.1



	Forestry
	1.1
	2.0
	5.1
	0.3
	1.1
	0.4



	Total modified
	6.2
	32.0
	31.2
	0.5
	34.2
	0.8



	Total natural
	93.8
	68.0
	68.8
	99.5
	65.8
	99.2
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Table 2. Richness of herbaceous vegetation.






Table 2. Richness of herbaceous vegetation.





	Farm
	Nº of Families
	Nº of Species
	Most Species-Rich Families (Nº spp.)





	1
	23
	103
	Poaceae (32) Asteraceae (25) Cyperaceae (11)



	2
	13
	53
	Poaceae (29) Asteraceae (6) Cyperaceae (4)



	3
	33
	136
	Poaceae (41) Asteraceae (26) Cyperaceae (14)



	4
	42
	149
	Poaceae (36) Asteraceae (23) Fabaceae (9)



	5
	25
	118
	Poaceae (30) Asteraceae (24) Cyperaceae (12)



	6
	31
	114
	Poaceae (32) Asteraceae (17) Fabaceae (8)
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Table 3. Priority herbaceous species for conservation recorded by farm (F).






Table 3. Priority herbaceous species for conservation recorded by farm (F).















	Family
	Species
	F1
	F2
	F3
	F4
	F5
	F6





	Euphorbiaceae
	Acalypha senilis Baill.
	
	
	
	X
	
	



	Apiaceae
	Ammoselinum rosengurttii Mathias & Constance
	
	
	
	X
	
	



	Orchidaceae
	Bipinnula biplumata (L. f.) Rchb. f.
	
	
	X
	
	
	



	Cyperaceae
	Carex uruguensis Boeckeler
	
	
	
	
	X
	



	Poaceae
	Danthonia rhizomata Swallen
	
	
	X
	
	
	



	Poaceae
	Digitaria cuyabensis (Trin.) Parodi
	
	
	
	
	X
	



	Poaceae
	Digitaria eriostachya Mez
	X
	
	
	
	
	



	Asteraceae
	Hypochaeris rosengurttii Cabrera
	
	
	X
	
	
	



	Asteraceae
	Lessingianthus glabratus (Less.) H. Rob.
	X
	
	
	
	
	



	Solanaceae
	Nierembergia calycina Hook.
	
	
	
	X
	
	



	Solanaceae
	Solanum commersonii Dunal
	X
	
	
	
	
	



	Euphorbiaceae
	Tragia incana Klotzsch ex Müll. Arg.
	
	
	
	
	X
	



	Asteraceae
	Trichocline incana (Lam.) Cass.
	
	
	X
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Table 4. Analysis of tree richness, diversity, and soil and canopy cover of native forests.






Table 4. Analysis of tree richness, diversity, and soil and canopy cover of native forests.





	
Farm

	
Richness

	
Shannon Index

	
Average Number of Seedlings (Plants/m2)

	
Soil Cover %

	
Canopy Cover




	
Herbaceous Plants

	
Shrubs and Tree Seedling

	
Mulch






	
F1

	
23

	
2.15

	
30.3

	
8.9

	
12.0

	
88.4

	
83.6




	
F2

	
20

	
2.41

	
4.3

	
13.7

	
0.8

	
20.9

	
82.8




	
F4.1

	
28

	
2.84

	
12.3

	
32.5

	
17.6

	
50.7

	
81.2




	
F4.2

	
19

	
2.54

	
6.7

	
12.8

	
1.1

	
58.3

	
80.3




	
F6

	
33

	
2.91

	
7.2

	
24.1

	
6.0

	
62.2

	
80.5
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Table 5. Number of species and diversity (Shannon) of spiders present on each farm. F: farm; NG: native grasslands; P: cultivated pastures.






Table 5. Number of species and diversity (Shannon) of spiders present on each farm. F: farm; NG: native grasslands; P: cultivated pastures.





	

	
F1

	
F2

	
F2

	
F3

	
F3

	
F4

	
F5

	
F5

	
F6




	

	
NG

	
NG

	
P

	
NG

	
P

	
NG

	
NG

	
P

	
NG






	
Species richness

	
50

	
47

	
36

	
59

	
33

	
46

	
52

	
31

	
36




	
Shannon diversity index

	
3.21

	
3.05

	
2.72

	
3.31

	
3.06

	
3.06

	
3.41

	
2.94

	
3.02
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Table 6. Comparison of the collection efficiency of two collection techniques used in the natural grassland of Farm 3.
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	G-VAC
	PIT-FALLS
	BOTH





	Number of spiders
	2259
	245
	2504



	Number of adult spiders
	393
	140
	533



	Number of species
	42
	34
	59



	Number of estimated species (Chao 1)
	51.97
	51.97
	79.02



	Shannon diversity index
	3
	2.81
	3.31
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Table 7. Number of individuals and species of spiders collected per season using pitfalls and G-vac techniques.






Table 7. Number of individuals and species of spiders collected per season using pitfalls and G-vac techniques.





	

	
Season




	

	
Autumn

	
Winter

	
Spring

	
Summer






	
Number of spiders

	
2350

	
3386

	
3323

	
4347




	
Number of species

	
43

	
53

	
67

	
68




	
Number of exclusive species

	
5

	
4

	
6

	
20
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Table 8. Priority bird species for conservation recorded by farm (F).
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	Species
	F1
	F2
	F3
	F4
	F5
	F6





	Anthusnattereri (Ochre-breasted Pipit)
	
	
	
	X
	
	



	Aramusguarauna (Limpkin)
	X
	X
	
	X
	X
	X



	Bartramialongicauda (Upland Sandpiper)
	
	X
	X
	X
	X
	X



	Cairinamoschata (Muscovy duck)
	X
	
	
	
	X
	



	Calidrisfuscicollis (White-rumped Sandpiper)
	
	X
	
	
	
	



	Cariamacristata (Red-leggedSeriema)
	X
	X
	
	X
	X
	X



	Circus cinereus (Cinereous Harrier)
	X
	X
	
	
	X
	



	Cistothorusplatensis (Grass Wren)
	X
	
	
	
	X
	



	Coragypsatratus (Black Vulture)
	
	
	
	X
	
	



	Coscorobacoscoroba (Coscoroba Swan)
	X
	X
	
	
	X
	



	Cranioleucasulphurifera (Sulphur-throated Spinetail)
	
	
	
	
	X
	



	Cyanocompsabrissonii (Ultramarine Grosbeak)
	
	
	
	
	
	X



	Cygnus melancoryphus (Black-necked Swan)
	X
	
	
	
	X
	



	Donacospizaalbifrons (Long-tailed Reed-Finch)
	X
	
	X
	
	X
	



	Emberizoidesherbicola (Wedge-tailed Grass Finch)
	X
	
	
	
	
	



	Falco peregrinus (Peregrine Falcon)
	
	
	X
	
	
	



	Geranoaetusmelanoleucus (Black-chested Buzzard-eagle)
	
	
	X
	
	
	X



	Gnorimopsarchopi (Chopi Blackbird)
	X
	X
	X
	X
	X
	X



	Limnoctitesrectirostris (Straight-billed Reedhaunter)
	X
	
	
	
	
	



	Nothura maculosa (Spotted Nothura)
	X
	X
	X
	X
	X
	X



	Oreopholusruficollis (Tawny-throated Dotterel)
	
	
	X
	
	
	X



	Paroariacoronata (Red-crested cardinal)
	X
	X
	X
	X
	X
	X



	Pluvialisdominica (American-Golden Plover)
	
	X
	
	
	
	



	Porzanaflaviventer (Yellow-breasted Crake)
	
	
	
	
	
	X



	Rhea americana (Greater Rhea)
	X
	X
	X
	X
	X
	X



	Spartonoicamaluroides (Bay-capped Wren-spinetail)
	
	
	
	
	X
	



	Sporophilacinnamomea (Chestnut Seedeater)
	
	
	X
	
	X
	



	Sporophilaruficollis (Dark-throated Seedeater)
	
	
	X
	
	
	



	Tryngitessubruficollis (Buff-breasted Sandpiper)
	
	
	
	X
	
	



	Turdusleucomelas (Pale-breasted Thrush)
	X
	
	
	X
	
	



	Xolmisdominicanus (Black and White Monjita)
	
	
	X
	
	X
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Table 9. Fish community descriptors for summer and winter.






Table 9. Fish community descriptors for summer and winter.





	
Variable

	
Summer

	
Winter

	
F

	
p-Value




	
Median ± SD

	
Median ± SD






	
Richness

	
14.1 ± 5.5

	
5.5 ± 4.2

	
0.0131

	
0.91




	
N individuals

	
1295.8 ± 2990.8

	
814.7 ± 1397.1

	
0.8467

	
0.38




	
Density (ind/m2)

	
13.9 ± 37.9

	
9.0 ± 14.7

	
0.4013

	
0.54




	
Biomass (g/m2)

	
3.9 ± 2.8

	
2.8 ± 11.9

	
0.6069

	
0.45
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Table 10. Observed and estimated richness and Shannon diversity index for each stream in summer and winter.






Table 10. Observed and estimated richness and Shannon diversity index for each stream in summer and winter.





	
Season

	
Index

	
Farm

	
F1

	
F2

	
F3

	
F4

	
F5

	
F6




	
Stream

	
1

	
2

	
1

	
1

	
2

	
1

	
2

	
1

	
2

	
1

	
2






	
Winter

	
Richness

	
Observed

	
15

	
15

	
19

	
4

	
14

	
16

	
20

	
11

	
13

	
15

	
15




	
Estimated

	
19

	
31

	
20

	
4

	
22

	
17

	
20

	
13

	
13

	
21

	
18




	
Shannon

	
%

	
77

	
49

	
94

	
100

	
64

	
95

	
98

	
83

	
99

	
71

	
85




	
Observed

	
7.11

	
8.77

	
10.38

	
1.15

	
4.75

	
10.87

	
5.23

	
6.89

	
3.55

	
10.90

	
9.55




	
Estimated

	
7.51

	
11.54

	
11.50

	
1.15

	
5.04

	
12.49

	
5.30

	
7.90

	
3.62

	
13.32

	
10.72




	
Summer

	
Richness

	
Observed

	
18

	
5

	
19

	
6

	
21

	
10

	
17

	
14

	
19

	
16

	
10




	
Estimated

	
20

	
5

	
25

	
6

	
22

	
12

	
21

	
16

	
23

	
22

	
13




	
Shannon

	
%

	
90

	
91

	
75

	
100

	
93

	
82

	
81

	
86

	
83

	
73

	
77




	
Observed

	
8.00

	
4.05

	
9.85

	
1.15

	
11.97

	
5.42

	
8.32

	
9.39

	
4.39

	
11.21

	
6.60




	
Estimated

	
8.26

	
4.51

	
10.97

	
1.15

	
12.60

	
5.89

	
8.98

	
10.07

	
4.48

	
12.59

	
7.10
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Table 11. Presence of priority species for conservation in the different sampled sites (1 and 2) in each farm (F).
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F1

	
F2

	
F3

	
F4

	
F5

	
F6




	
Species

	
1

	
2

	
1

	
1

	
2

	
1

	
2

	
1

	
2

	
1

	
2






	
Ancistrus taunayi

	

	

	

	

	

	
X

	

	

	

	

	
X




	
Astyanax jacuiensis

	

	
X

	
X

	

	

	

	

	

	

	

	




	
Corydoras paleatus

	

	
X

	

	

	
X

	
X

	

	

	
X

	

	




	
Ectrepopterus uruguayensis

	
X

	

	
X

	

	
X

	
X

	

	

	
X

	

	




	
Gymnogeophagus meridionalis

	

	

	
X

	

	

	

	

	

	

	

	




	
Gymnogeophagus rhabdotus

	
X

	
X

	

	

	

	

	

	
X

	
X

	

	




	
Gymnotus omarorum

	
X

	

	

	

	

	

	
X

	

	
X

	

	




	
Hisonotus charrua

	

	

	

	

	
X

	

	

	

	

	

	




	
Hoplias argentinensis

	
X

	
X

	
X

	

	
X

	
X

	

	

	
X

	
X

	




	
Otocinclus arnoldi

	
X

	
X

	
X

	

	

	

	

	

	

	

	




	
Rhamdia quelen

	

	
X

	
X

	

	

	

	

	

	

	

	




	
Rineloricaria longicauda

	

	

	

	

	
X

	
X

	
X

	
X

	

	
X

	




	
Scleronema angustirostre

	

	

	

	

	
X

	

	
X

	

	

	
X

	
X




	
Synbranchus marmoratus

	

	

	

	

	

	

	
X

	

	

	
X

	
X




	
Total

	
5

	
6

	
6

	
0

	
6

	
5

	
4

	
2

	
5

	
5

	
3
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Table 12. Volume of off-farm feed used by farm (F) and its origin. PO: production origin; IO: Ingredients origin; N: National; I: International.






Table 12. Volume of off-farm feed used by farm (F) and its origin. PO: production origin; IO: Ingredients origin; N: National; I: International.
















	Annual Food
	PO
	IO
	F1
	F2
	F3
	F4
	F5
	F6





	Grain
	
	
	
	
	
	
	
	



	Rice bran (kg)
	N
	N
	
	
	
	49,527
	
	



	Corn DDGS (kg)
	N
	N
	
	49,000
	
	49,527
	
	63,721



	Whole grain corn (kg)
	N
	N
	
	245,000
	
	
	
	



	Protein concentrate (kg)
	N
	N/I
	
	
	
	
	
	8496



	Total grain
	
	
	0
	294,000
	0
	99,054
	0
	72,218



	Salts
	
	
	
	
	
	
	
	



	Protein block (kg)
	N
	N/I
	750
	
	1000
	
	
	



	Salt powder 9% Phosphorus (kg)
	N
	N/I
	
	
	
	
	15,000
	



	Protein salts 30% Protein (kg)
	N
	N/I
	
	5000
	
	
	
	



	Total salt
	
	
	750
	5000
	1000
	0
	15,000
	0



	Total off-farm feed (kg)
	
	
	750
	299,000
	1000
	99,054
	15,000
	72,218
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