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Abstract

:

Alpine pastures and meadows are agroecosystems of biological, cultural-historical, and economic importance that are undergoing profound imbalances and which are in a rapid decline due to changes in management and/or abandonment. The European Union is making efforts to protect this heritage and resource. However, the dialog among the different professionals in charge of studying and managing these agroecosystems needs to be as easy and comprehensible as possible for grasslands conservation/restoration actions to be successful. This research introduces VegeT, an easy-to-use tool to facilitate information transfer between botanists and practitioners responsible for providing guidelines for the correct management of mountain grasslands. VegeT is a Microsoft Excel® worksheet that allows the classification of seminatural grasslands and dynamically connected vegetation (shrublands and forests) of the Alps employing two ecological indexes: the index of nutrients (N) and the index of mowing tolerance (MV). VegeT was elaborated upon the floristic-ecological analysis of the vegetation of Taleggio Valley (Italian Alps) performed applying multivariate analysis techniques. From the analyses, it emerged that N and MV are the main variables on which to base a classification system of alpine mountain grasslands and dynamically connected vegetation able to facilitate the interpretation of floristic-vegetation data and to return useful information for management decisions.
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1. Introduction


Mountain meadows and pastures represent agroecosystems that are, other than an important economic and historical-cultural heritage, biodiversity hotspots and elements that contribute to landscape enrichment [1,2,3]. The diversification of management guarantees maximum biodiversity [2]. Meadows and pastures have connoted alpine landscapes for centuries, and the uniqueness of the alpine landscape is one of the keys to the success of its touristic appreciation [3]. These ecosystems, today, are nevertheless undergoing profound imbalances in the most industrialized areas of the planet and are in rapid decline [4] mainly due to the abandonment of mountain areas by man [5,6]. It is frequent to find the bottom of alpine valleys affected by severe urbanization rates due to the conversion of grasslands in other cropping systems or human settlements. This occurrence is accompanied by the total land abandonment in the upper fascia. This is a common circumstance that has been deeply investigated and highlighted by many authors [3].



Pastures and meadows are, in fact, seminatural systems whose origin goes back to Neolithic [7,8], and they require regular and periodical management by humans: grass-mowing, manuring, sometimes irrigation, domestic animal grazing and bush removal [9]. These management interventions induce a distinct floristic composition in the different typologies of mountain grasslands that is then strictly linked to the management practices [10,11] besides the bio-geographic area.



In the last decades, and even today, the European Alps have been subject to abandonment by population [12]. This anthropic process caused the progressive neglection of agricultural practices [13,14,15], and then the forest expansion in areas once occupied by mountain grasslands (meadows, pastures, and meadows-pastures) [16,17,18]. Forest expansion is a phenomenon following the timeline and the modalities of secondary plant succession: once the grasslands start to be unkempt, their plant communities are generally replaced by herbaceous plant communities (fringes) that afterward, passing the time, give way to shrublands (mantles) and, finally, to forest communities [19,20]. This phenomenon could have an impact on the qualitative and quantitative availability of forage for domestic animals [18] from a productive point of view. In addition, the forest expansion threatens the landscape richness [21] and the conservation of some species and habitats [22] from a naturalistic and landscape management point of view. Therefore, the neglect of mountain grasslands could also trigger socioeconomic effects as the reduction of high-quality agri-food from the dairy production chain [3] or beekeeping [23].



Due to their biological and landscaping importance, European Union included meadows and pastures among the ecosystems to safeguard under Habitats Directive (92/43/EEC) [24], which is the most important European legislation for nature conservation. Further, in the last years, many projects (at a local, national, or international level) focusing on safeguarding or restoring some alpine agroecosystems (among which mountain pastures and meadows) were launched. Some examples are the projects promoted by Rural Development Programs financed by the European Union (UE Regulation 1305/2013) [25]. In order to be successful, safeguarding and restoring projects need actions that require the involvement of actors with different roles and expertise who can be able to dialog in an agile and comprehensible way. Very often. The bodies managing the alpine resources (municipalities, parks, regions, etc.) do not have technically qualified staff able to analyze complex agroecosystems as mountain grasslands, so they turn towards experts/professionals as environmental scientists or botanists.



One of the most used and effective approaches to understanding grasslands characteristics is a floristic-vegetation analysis [26]. It is mainly operated by phytosociological, who collect data on the floristic composition of plant communities (performing phytosociological relevés) with the principal goal of defining “plant associations” and frame them in a hierarchical classification system (syntaxonomic scheme) by statistical analysis techniques as cluster analysis. The plant association is the base unit of phytosociology defined as: “a system of vegetal organisms with a floristic composition that is statistically repetitive; it is a range of different features such as the structure, the ecological value (significant for different environmental parameters) and the quality of the dynamic and catenal relationship that it has with other communities [27]. Especially pertinent for this definition and identification is the characteristic specific complex, consisting of the preferring plants which are particularly linked to it in statistical terms and that are biogeographically and ecologically differential compared to similar synvicariant or geosynvicariant associations” [27].



Technical-scientific reports produced by phytosociologists have a high technical level of information (floristic composition and species abundance of each plant community allocated in syntaxa: phytosociological classes, orders, alliances and associations). However, they are regrettably difficult to understand by a non-specialist in the field, such as land managers. In fact, they are widely descriptive and/or constructed on long tables (phytosociological tables) containing the abundance/dominance indices of each species of every phytosociological relevé divided in syntaxa [28]. This results in criticalities concerning their usage outside the circle of phytosociologists, among which the difficulty for land managers to interpret and use them for designing and realizing the appropriate practices for meadows management/protection. This could be overcome by building tools to simplify the information exchange among botanists and practitioners who, in the different alpine Macro-region countries [29], manage the agricultural and natural resources of the Alps. The land managers are often agronomists, foresters, geologists, architects or engineers and not botanists.



This research, supported by the Department for Regional Affairs and Autonomies (DARA) of the Italian Presidency of the Council of Ministers, has the goal to develop an easy-to-use tool able to translate the floristic-vegetation data collected by botanists into useful and comprehensible information for technicians in charge of providing guidelines for the preferred management/conservation/restoration of mountain grasslands of the Alps. The aim was to elaborate this tool by analyzing ecological and floristic characteristics of grasslands and other vegetation linked to them by dynamic-catenal relationships (shrublands and forests) [19], using a case study in Taleggio Valley (Southern Alps, Italy). Shrublands and forest species may be considered indicators of lack of management of the mountain grasslands since some young individuals of shrubs and trees may inhabit grasslands modifying the floristic composition (and then the vegetation typology) even before the physiognomy (aspect) changes.




2. Materials and Methods


2.1. Study Area


Taleggio Valley is an area of about 66 km2 situated in Northern Italy (Lombardy region, Bergamo province; latitude: 45°53′40″ N; longitude: 9°34′20″ E) in the Orobic pre-Alps (Figure 1). It is enclosed in Taleggio and Vedeseta municipalities, and it is partially enclosed in the Orobie Bergamasche Regional Park [30,31] and in “Valle Asinina” site of community importance (SCI IT2060007 managed by the Orobie Bergamasche Regional Park). The park was established in 1989 and protects endangered species (plants and animals) and habitats of community interest. Some human activities are allowed in the park, including grazing of cows/sheep/goats.



Taleggio Valley is a typical alpine valley characterized by a mainly mountainous territory (elevation range: 700–2050 m a.s.l.) and a low population density (11 inhabitants per km2) [32,33]. It develops mainly on calcareous-dolomitic rocks but also on terrestrial rocks of the Mesozoic Era (252–65 million years ago) [34]. From a climatic point of view, it is enclosed in the temperate oceanic bioclimate zone [35]. The annual rainfall of the Taleggio Valley is 1998 mm (with a winter minimum), while the average annual temperature is 10 °C (data source: Regazzoni R. climatic station, 1977–2011).
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Figure 1. Geographic location of the study area (Taleggio Valley) and land-use changes from 1954 to 2018 (data source: [33]). Orobie Bergamasche Regional Park was created in 1989. 
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Taleggio Valley belongs to the Insubric district [36] of Central and Eastern Alps ecoregional section (alpine Province) [37]. The Central and Eastern Alps ecoregional section is 126,000 km2 wide, and it is constituted by alpine territories with similar climatic features, physiography (litho-structural regions and morpho-tectonic sectors), biogeography and vegetation (potential vegetation complex and flora). It includes a considerable amount of the alpine Province, and it is constituted by an oceanic temperate climate at the uppermost elevation and temperate continental in interior valleys: precipitations range from 570 mm up to 2600 mm (with winter or early spring minimum) while the mean annual temperature ranges between 2 °C and 14 °C [37].



The potential vegetation of the study area is composed by the forest of Tilio platyphylli–Acerion pseudoplatani phytosociological alliance in the valley bottom and by the forest of Aremonio agrimonioidis–Fagion sylvaticae alliance in the mountain belt [38,39], the latter being the dominant forest typology of the whole study area. Today, the Taleggio Valley forests cover 67% of the area, and the anthropogenic grasslands (meadows, meadows-pastures, and pastures) cover just 27% [33] (Figure 1). In the last decades and even today, due to the loss of population and consequently the reduction of agricultural activities (both inside and outside the Orobie Bergamasche Park), forests gradually expanded to the detriment of grasslands (Figure 1), which were replaced by shrublands and then forests, following the secondary plant successions processes [20,39]. This phenomenon is not exclusive to the studied area but is common to many marginal areas of the Alps [12,18].




2.2. Vegetation Sampling


The following vegetation types of the mountain belt (720–1710 m a.s.l.) of Taleggio Valley were considered in this research:




	
A—meadows: grasslands regularly mowed (from one to three times a year) and manured once a year for the past 10 years or more;



	
B—meadows-pastures: grasslands that have been managed as meadows (mowed and manured) or pastures (grazed by cattle) alternatively for at least five years or that are regularly mowed once a year (on May–June) and then grazed (August–September);



	
C—pastures: grasslands, with the occasional presence of small shrubs that have been grazed by cattle for more than ten years;



	
D—shrublands: areas dominated by shrubs grown where grasslands have not been managed for at least five years;



	
E—forests: vegetation dominated by woody species (trees cover over 60%), Fagus sylvatica (beech) in particular, managed to produce firewood or unmanaged (current potential vegetation [27]).








The information about the territory management was gathered by interviewing 27 local farmers and extrapolated from maps on land use supplied by management bodies (municipality of Taleggio and Vedeseta). This preliminary work out allowed the individuation of 7 meadows, 6 meadows–pastures, 5 pastures, 7 shrublands and 7 forests included in the five types described (A, B, C, D and E).



Further, the local farmers provided the following guidelines concerning the meadows and pastures of Taleggio Valley management: meadows located under 1200 m a.s.l. are mowed at least twice a year while the ones at higher altitude are mowed just once a year; meadows are manured with ripe manure (by manure spreader and distributing an average 2 kg of ripe manure per square meter) once a year before winter; pastures are grazed by adult cattle or heifers of Italian Friesian and/or Brown Swiss, in a range from five to ten units per hectare; the most neglected pastures and meadows are those characterized by lack of accessibility or excessive slope (over 30%) making mechanized operations impossible.



Floristic data of these vegetation types were collected performing 48 phytosociological relevés in accordance with the method of Braun-Blanquet [40]: species of the plant communities were identified using the dichotomous keys of [41], and their coverage was estimated using the conventional abundance/dominance scale of Braun-Blanquet (Table 1). The relevés were performed in June–July 2018 and 2019 on a surface of 25 m2 (5 × 5 m) for meadows, meadows-pastures and pastures, and on a surface of 100 m2 (10 × 10 m) for shrublands, and 400 m2 (20 × 20 m) for forests. For each meadow (n = 13 relevés), meadows-pasture (n = 6 relevés), pasture (n = 7 relevés), shrubland (n = 14 relevés) and forest (n = 8 relevés), from 1 to 3 relevés were performed based on the dimension and heterogeneity of plant community.



The data of the relevés were arranged in a matrix (relevés x species) where abundance/dominance indexes of every species were converted into the percentage of coverage as proposed by [42] (Table 1) to perform numerical and statistical analysis.



The scientific names of the species and the name of the syntaxa are in accordance with [41,43], respectively.




2.3. Ecological Indices and Data Analysis


The conventional ecological indexes of Landolt [44,45] (T, temperature; K, continentality; L, light intensity; F, soil moisture; R, substrate reaction; N, nutrients; H, humus; D, aeration) and mowing tolerance index (MV), reported in tables published in [45] or in the software “Flora Indicativa” [45], were used to analyze the ecological characteristics of the different vegetation typologies. For every relevé, the average value of each index (weighted by the percentage of coverage of every single species) was calculated. To do this, “0” value was used instead of the symbol “-” (species not tolerating annual cut or grazing) of MV index and records identified with “x” symbol (species with a wide range of variation) were excluded. Average values of Landolt indexes of each relevé were calculated.



Detrended correspondence analysis (DCA) was performed on the matrix of the relevés to assess plot grouping in each vegetation type and to detect similarities in species composition. Further, a DCA considering floristic data and average values of ecological indexes of each relevés was performed in order to seek the relationships between vegetation types and environmental variables (Landolt indexes). These variables values were then analyzed by ANOVA test (once the assumptions of normality of group data and homogeneity of variances were verified using the Shapiro–Wilk test and Levene’s test, respectively) in order to validate significant differences (p < 0.01) among the five different vegetation typologies. When significant ecological differences were found among vegetation types, the Tukey post hoc test [46] was carried out to detect the difference between each pair of vegetation types. These statistical analyses were performed using R 3.5.2 [47] and considering first all vegetation types and then grassland types alone. To develop a classification system of grasslands and create a tool (VegeT) able to return useful information for management purposes, particular attention was devoted to the analyses of those indices able to give information regarding grasslands management. These indices were: N, which relates to the level of manuring of grasslands, and MV, which relates to the use intensity of the pasture or the frequency of mowing of the meadows [44,45]. The differences concerning the range of N and MV relating to the different grassland types were analyzed and used to calibrate the grasslands of Alps classification tool VegeT, elaborated using Microsoft Excel® software. Considering that few highly intensive grasslands can be found in Taleggio Valley, some relevés drawn from the scientific literature were used to improve the calibration of VegeT. In particular, six relevés of Rumex alpinus communities (Rumicetum alpini) [48] and one relevé performed in an overgrazed pasture [18] were used (Table S1).





3. Results and Discussion


3.1. Floristic and Ecological Features


Two hundred sixty-one species were identified (Table S2) to be the most widespread in the alpine region [49,50] in management systems like the ones of Taleggio Valley. We found 98 species in meadows, 87 in meadow-pastures, 89 in pastures, 173 in shrublands and 84 in forests. DCA biplot (Figure 2) showed the floristic differences among the diverse vegetation typologies. Along the first axis (DCA1), forests were distinct from the other vegetation types thanks to the presence of some tree and herbaceous species of Fagetalia sylvaticae order [43,51] such as Fagus sylvatica, Helleborus niger, Hepatica nobilis, Cyclamen purpurascens and Euphorbia amygdaloides.



Along the first axis of the DCA biplot (Figure 2), grasslands (meadows, meadows-pastures and pastures) separated from shrublands which, although having some ecosystem-specific woody species (such as Rubus idaeus, Rosa canina, Salix caprea, Betula pendula and Laburnum alpinum) share some other species with grasslands (such as Achillea millefolium, Dactylis glomerata, Hypericum maculatum and Centaurea nigrescens). Meadows, meadows-pastures, and pastures have several species in common, but also some specific ones. In particular, meadows and meadows-pasture are characterized by the presence of species of Molinio–Arrhenatheretea class (such as Trisetum flavescens, Polygonum bistorta, Trifolium pratense, Rumex acetosa, Poa pratensis, P. alpina and Arrhenatherum elatius) while pastures are rich in species of Festuco–Seslerietea class (such as Sesleria varia, Horminum pyrenaicum, Primula glaucescens, Carex sempervirens and Anthyllis vulneraria), vegetation typologies common in all the alpine region [43,51,52,53].



One-way ANOVA test results (Table 2) showed that no significant differences were found among the different vegetation typologies regarding indexes F and R, while there were significant differences (p < 0.01) for MV, N, D, L, K and T.



From the floristic analysis of the mountain grasslands of the Taleggio Valley, it emerged that meadows, pastures and meadows-pasture are mainly constituted by species widespread in all the Alps, while from the ecological analysis, it emerged that the different vegetation types are significantly different in N and MV indices, those returning the most of the information regarding the management of the grassland. T, K, L and D highlighted instead of the differences among the grasslands and the other typologies considered. All the indices were useful for the vegetational framework of the area, but N and MV returned specific information for the management of grasslands. In fact, the L index made it possible to distinguish grasslands (composed mainly of heliophilous species) from forests (constituted by many sciaphilous species). At the same, T, D and K resulted significantly different for the various vegetation typologies (Table 2) due to the characteristics of climate (mainly dependent on elevation) and soils of the areas where the plant communities are localized, but they do not provide information on their management.



Figure 3 shows the two DCA biplots that display the relevés ordered according to their floristic composition and their values of ecological indexes, the trends of MV and N are also shown. Grasslands had high MV values while shrublands had values inferior to 2.5 and forests to 0.5. Concerning grasslands, the MV trend generally showed values higher for meadows and lower for pastures, although some overlapping was also observed. Value 3.2 of the N index returned a more noticeable distinction among meadows and pastures. From the graph of Figure 3b, in fact, it is possible to see that most of the meadows have N higher than 3.2, while most of the pasture has an N index lower than 3.3. Meadow-pastures had very variable values that follow both the trends of meadows and pastures. These results are also confirmed by the DCA performed, considering only the grasslands relevés (Figure A1).



Figure 4 boxplots confirmed what was mentioned above and show Tukey’s test results evidencing the significant difference for MV (p < 0.01) among grasslands, shrublands and forests and showing that meadows and meadow-pastures are significantly different from pastures thanks to N values (lower in pastures).



Our results indicate that N and MV indexes are useful for creating a classification system of grasslands (and connected vegetation) based on their management. N index indicates whether the soil of the grassland considered is rich or poor in nutrients. This index is expected to be higher in meadows than in pastures as meadows are manured every year while pastures are not. In fact, meadows are generally colonized by less nitrophilous species [1,9]. This aspect also emerged in our study area, where pastures are inhabited by more oligotrophic species than meadows (Figure 4). Only in some cases, pastures or meadow-pastures can be characterized by a high presence of nitrophilous species (hyper-eutrophic pastures or meadows-pastures). This can happen in the plains where cattle were/are kept for milking and/or night rest (resting and milking areas). These areas are dominated by tall nitrophilous grass not palatable for cattle as Rumex alpinus and other of Rumicion alpini alliance [43], which grows abundantly where the animal excretions enrich excessively in nitrogen and other nutrients the soil [9,53]. This vegetation type, widespread on the entire alpine region, [18,43,48,51], is not widespread in the Taleggio Valley, where we only had one relevé (Table S2, relevé 9). N index values help define guidelines on the necessity of increasing or reducing the manure quantity distribution on a meadow or on diminishing the cattle stationing in a pasture or a meadow-pasture. For example, in oligotrophic or mesotrophic grasslands, manuring should be encouraged to preserve the presence of species requiring soils rich in nutrients, while fertilization should be reduced for nitrophilous grasslands such as those found in some alpine areas intensively managed [54]. For nitrophilous pastures or meadow-pastures, actions to reduce the nutrients input in the soil as refraining from manuring and/or not letting the cattle stationing too much should be considered. Although index N can return information on the nutrient quantity in the soil, manuring some particular kinds of oligotrophic pastures must be evaluated with attention. In fact, some oligotrophic pastures of Festuco–Seslerietea class (alpine and subalpine calcareous grasslands) are included in the Habitat Directive (92/43/EEC), and to preserve them in their original conditions, the enrichment of the soil with nutrients must be avoided [53].



While the N index helped distinguish meadows from pastures and also helped suggest management guidelines (increase/reduce nutrients), MV allowed for a clear separation between grasslands and other vegetation typologies (shrublands and forests). MV, compared to N, was elaborated only in 2010 [45]; it has not yet been widely used in plant ecology. It is based on [55,56] research and synthesizes the grass tolerance to three disturbance factors: mowing, trampling and grazing [45]. Briefly, this index allows distinguishing vegetation were shrubs or tree and/or grass not tolerating mowing/trampling are dominant from vegetation composed mainly of herbaceous species resilient to mowing, trampling and grazing. In our research, MV values decreased from meadows to pastures (Figure 4), and this was mainly due to the presence of small individuals of shrub species also in actively managed pastures (for example, Calluna vulgaris, Erica carnea, Vaccinium myrtillus, Thymus spp.) while such shrubs were never found in regularly mowed grasslands (meadows). This index also shows information about land abandonment or management changes requiring guidelines for the conservation/restoration of grasslands. In fact, grasslands without a high MV index are probably composed of plant communities with the presence of shrubs and/or grass not tolerant mowing, and this means that mowing is not correctly or regularly performed, and then the land is no longer managed as meadows. The same happens for pastures: those with a low MV value are not actively managed, and shrubs and/or trees are becoming increasingly abundant at the expense of herbaceous species characteristic of pastures. The information returned by the MV index seems very useful for territorial stakeholders, as it could help them identify which grasslands are undergoing (or underwent) management changes or abandonment and to help them in starting targeted actions to preserve/restore them. These actions are mowing/removing trees and/or shrubs to restore the pastures and regularly mowing to restore meadows.




3.2. VegeT


A classification system was elaborated and calibrated based on MV and N indexes (Figure 5). This activity was based on the results obtained from the ecological analysis and on the considerations concerning the information content (linked to the management of seminatural grasslands) of MV and N indexes. This system is constituted by 25 vegetation categories resulted from the combination of the five MV classes (forest, shrubland, pasture, meadow-pasture and meadow) and 5 N classes (hyper-eutrophic, eutrophic, mesotrophic, oligotrophic, hyper-oligotrophic). Figure 6 shows the 25 vegetational categories (and corresponding threshold value) and the location of the relevés. A large part of Taleggio Valley grasslands is eutrophic meadows and eutrophic/mesotrophic meadow-pastures, while pastures fall mainly in the categories: oligotrophic pastures and oligotrophic/mesotrophic meadows-pastures. The only relevé performed with high coverage of Rumex alpinus along with the relevés of Rumicetum alpinum and of the overgrazed pastures were used to define the hyper-eutrophic grasslands category.



“Hyper-oligotrophic” pastures were not found in Taleggio Valley. This result is explicable with the fact that value 1 of N index is ascribed only to those species growing on “very infertile” substrates [45] such as dolomitic-calcareous rocks that, even if present in alpine pastures, are rarely with a high cover percentage. The category “hyper-oligotrophic” was, however, preserved because some peculiar plant communities of the Alps could be included in this category, such as some grasslands of low fertile soils present where dry prairies are common as in the Dolomites massifs [57].



The classification system of Figure 5 was used to create VegeT (“Vege” = vegetation, “T” = type) (Spreadsheet S1), a classification tool of grasslands of the Alps and other vegetation types (forests and shrublands) with which very often grasslands are in a dynamic-catenal relationship [58]. VegeT is a Microsoft Excel® file constituted by spreadsheets: the first reports data-entry and data-exit forms (Figure 6), the two other sheets contain the numerical calculation and the vegetation classification formulas (Spreadsheet S1).



The data as input in VegeT to determine the vegetational categories are abundance, MV and N of each species of the plant community. While MV and N values are readily available in [45] or in the software “Flora Indicativa” (“Indicative Flora”) elaborated by the same authors [45], abundance values depend on the operator’s evaluation during the field observations. Generally, the abundance of a given species in a plant community can be evaluated with the application of abundance/dominance indices, which may be numeric or not. Numeric data are needed for VegeT; if this is not available, abundance/dominance scales must be converted to ordinal scales using the methods proposed by, e.g., [42,59,60]. VegeT also allows for optional data inclusion (not essential for calculation): species and family names and other notes, for example (Figure 6). The data output screenshot returns the vegetation category (one of the 25 defined previously), a graph similar to Figure 5, the mean values of MV and N and some parameters widely used in plant ecology useful for the description of the vegetation characteristics: the number of species composing the plant community (species richness), Shannon index (biodiversity) [61] and evenness (equitability) [62].



The uniqueness of VegeT, other than being based upon only two indexes able to provide information for management purposes, is being a user-friendly tool. The working software is, in fact, a spreadsheet Microsoft Excel®, a software widely used. In addition, the input–output interface is easy and comprehensible (Figure 6). It was considered appropriate to include other variables enabling better characterization of the plant communities in addition to the information concerning the vegetation category and the scatterplot showing MV and N values: the number of species, Shannon index and evenness. The first two can return information on the plant community richness and biodiversity, parameters widely used in ecological and nature conservation, which can help identify grasslands intensively managed [54]. Evenness (equitability) indicates if there are one or few dominant species in a plant community (in which case evenness values will be close to 0) or if species are equally represented (in which case evenness values will be close to 1) [62]. Some plant communities are dominated by few species (for example, Rumex alpinus or Nardus stricta in degraded pastures).



To elaborate on the classification, VegeT requires floristic composition and species abundance of plants constituting the plant communities. The greater the detail of the data input, the more reliable information VegeT can return.



Although the grassland classification on which VegeT is based has the benefit to go beyond the syntaxonomy [63] (commonly to other modern systems of classification of habitats [64,65]), this instrument has the limitation of being only operational in the Alps (and nearby areas) because N and MV indexes used were built on about 6500 species of Alps [45]. This limitation can be overcome with future studies that analyze the nutrients requirements in the soil and the mowing tolerance of species inhabiting other geographical areas so that N and MV indexes value can be determined. However, VegeT could potentially be used in areas with floristic biodiversity similar to the Alps (as Apennine, Pyrenees, Dinaric Alps and Carpathians) or rather where plant communities are mostly constituted by species with N and MV known values [45]. In this study, for example, the data of the relevés of Rumicion alpini (Figure 5) performed in Western Carpathians [48] were used, and just one species (Aconitum firmum) did not have known values of N and MV as reported in [45].



For Taleggio Valley, as for other mountain areas in the Alps, VegeT could be a useful instrument to improve the agro-food products from grasslands (for example, honey and cheese). In Taleggio Valley, in fact, cheeses of high quality and of protected origin are produced. The production regulations of these cheeses stipulate that the alimentation of cattle must rely on local forage for the most part of their diet, although this forage is becoming less available due to grassland abandonment (Figure 1). VegeT cannot substitute other tools/procedures to evaluate the forage quantity and quantity neither the biological values of grasslands [3,9,18,65,66,67,68]. However, it can be combined with other tools to facilitate the definition and planning of the best management practices for maintaining grasslands that, other than being a biodiversity heritage, could be excellent resources for agro-food production chains [69]. In addition, when using VegeT, it should be considered that this is a useful tool for the overall classification of grasslands, but specific cases must be considered for a correct interpretation when we want to preserve, for example, a condition of low fertility necessary to the survival of some specific protected species. Some plant communities, such as alpine and subalpine calcareous grasslands included in the Habitat Directive, must be identified as special cases and be managed carefully for their conservation values. In these occurrences, botanists’ competencies are needed because other than guaranteeing their recognition; they can direct land managers towards the best actions to manage/preserve these special habitats.



Finally, it must be highlighted that VegeT is the first edition of an instrument that can be improved and/or integrated (if needed) thanks to user (researchers, technicians and land managers) feedback. Greater usage in the next few years, including its application in different alpine areas and the consideration of different grasslands typologies [57], will contribute to the improvement of the tool.





4. Conclusions


This research enabled the development of a tool (VegeT) based on the floristic and ecological study of the vegetation of Taleggio Valley. The aim of this tool was to assist in the interpretation of the floristic-vegetation datasets (created by botanists) for practitioners in charge of providing guidelines for the appropriate management of mountain grasslands of the Alps. In fact, it returns outputs straightforwardly understandable and needs easy to use, simple, affordable and easy to find materials and methods: floristic-vegetation data provided by botanists, N and MV indexes of Landolt [45] and Microsoft Excel®. For these reasons, VegeT can become useful not only to facilitate and improve grasslands conservation/restoration projects but also to improve their management for productive purposes to promote the sustainable development of alpine areas as Taleggio Valley, that was in the past an important center of low input and sustainable agricultural activities as pastoralism.
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Figure A1. DCA ordination of grasslands relevés overlapped with the MV (mowing tolerance, (a) and N (index of nutrients, (b) contour lines. The points indicate the relevés: A, meadows; B, meadows-pastures; C, pastures. Eigenvalues for DCA axes are reported in Table S3. 
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Figure 2. Detrended correspondence analysis (DCA) biplot of relevés. Capital letters indicate the five types of vegetation: (A) meadows (number of species: 98); (B) meadows-pastures (number of species: 87); (C) pastures (number of species: 89); (D) shrublands (number of species: 173); (E) forests (number of species: 84). Eigenvalues for the first four axes of DCA are reported in Table S3. 
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Figure 3. DCA ordination of relevés overlapped with the MV (mowing tolerance, (a) and N (index of nutrients, (b) contour lines. The points indicate the relevés: A, meadows (number of species: 98); B, meadows-pastures (number of species: 87); C, pastures (number of species: 89); D, shrublands (number of species: 173); E, forests (number of species: 84). Landolt values (T, index of temperature; K, index of continentality; L, index of light intensity; F, soil moisture index; R, index of substrate reaction; N, index of nutrients; H, index of humus; D, aeration index; MV, mowing tolerance) and species (crosses) are plotted. Eigenvalues for the first four axes of DCA are reported in Table S3. 
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Figure 4. Boxplots of the distribution of mowing tolerance index (MV) (a) and index of nutrients (N) (b) for each vegetation type (A, meadows; B, meadows-pastures; C, pastures; D, shrublands; E, forests). For each boxplot, mean (red dot) and median (black line) are highlighted. Different letters above the boxes indicate significant differences (p < 0.01) among vegetation types: A, meadows; B, meadows-pastures; C, pastures; D, shrublands; E, forests. 
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Figure 5. Scatter plot of MV (mowing tolerance) and N (index of nutrients). The graph shows the relevés performed in Taleggio Valley (dots: A, meadows; B, meadows-pastures; C, pastures; D, shrublands; E, forests), the relevés of Rumicetum alpini [48] and the relevé of overgrazed pasture [18] (Table S1). The grid with the 25 vegetation categories and the respective threshold values are shown. 
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Figure 6. Input–output interface data of VegeT spreadsheet. 
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Table 1. Meaning of the abundance/dominance indexes of Braun-Blanquet [40] and transformation values proposed by [42].
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	Abundance/Dominance Indexes of Braun-Blanquet
	Plant Coverage
	Transformation Values of Abundance/Dominance Indexes





	r
	rare species in the relevés
	0.01%



	+
	<1%
	0.50%



	1
	1%–5%
	3.00%



	2
	6%–25%
	15.00%



	3
	26%–50%
	37.50%



	4
	51%–75%
	62.50%



	5
	76%–100%
	87.50%
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Table 2. One-way ANOVA results of the effect of the vegetation type on ecological indices of Landolt [45]: T, index of temperature; K, index of continentality; L, index of light intensity; F, soil moisture index; R, index of substrate reaction; N, index of nutrients; H, index of humus; D, aeration index; MV, mowing tolerance. Key: *, significant (p < 0.01); ns, not significant.
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	Source of Variance
	Mean Square
	F4,43
	p
	





	T
	0.55
	14.99
	<0.01
	*



	K
	0.71
	7.91
	<0.01
	*



	L
	7.71
	54.56
	<0.01
	*



	F
	0.11
	1.73
	0.16
	ns



	R
	0.03
	0.23
	0.91
	ns



	N
	1.06
	4.67
	<0.01
	*



	H
	0.16
	1.14
	0.35
	ns



	D
	1.21
	8.39
	<0.01
	*



	MV
	14.63
	54.01
	<0.01
	*
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