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Appendix S1. grazing in our study area

Over the last century, much of Europe's mountainous and inland regions have experienced widespread abandonment of human activities. This abandonment is due to a number of socio-economic factors that have rendered human activities (particularly grazing) in mountainous areas increasingly economic and socially unsustainable.  Figure A1-1 shows the absolute number of grazers by livestock type based on ISTAT - Census of Agriculture data (1930, 1961, 1970, 2000, 2010). In both provinces where our study sites are located (Rieti for Mt. Reatini and Mt. Duchessa, and Frosinone for Mt. Ernici), the decline of grazing mostly affects sheep (Fig. A1), as sheep herding typically requires a human presence, whereas other types of livestock can exist in a semi-wild, unmanaged state.





Fig. A1-1: Numbers of grazing animals from ISTAT - Census of Agriculture (1930, 1961, 1970, 2000, 2010). Data from Rieti province (A: top graph) refer to Mt. Reatini and Mt. Duchessa, and data from Frosinone province (bottom graph) refer to Mt. Ernici. Data are aggregates of several mountain districts in the same province. These data have no quantitative value of livestock specifically in our study sites

For a more detailed analysis of grazing in our areas, in a subset of 43 sampling plots we collected classic field-based grazing proxies (Napoleone et al., 2022) such as evidence of bites, trampling, and types and numbers of droppings from grazing animals. An estimate for bites and trampling is given in three categories (0=absent, 1=poor, 2=medium, 3=abundant). Grazing pressure is uneven among the three sites. The Mt. Reatini site is the least grazed, exhibiting average values of 0.001 bites and 0.27 tramplings. Two other sites showed grazing values that were higher: on the site Mt. Duchessa, bite and trampling values were 0.88 and 1.06, respectively; and on the site Mt. Enrici, bite and trampling values were 1.20 and 1.13, respectively.
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Appendix S2. Vegetation mapping

Here's a summary of the plant communities identified in the study area, classified based on the typical species characterizing the structure and physiognomy of each herbaceous community. Our classification was informed by both the Council Directive 92/43/EEC 'Habitats Directive' and the EUNIS classification (Chytrý et al. 2020).
S 23 - Alpine and subalpine Juniperus scrub: This community consists of vegetation dominated by Juniperus species in the montane to subalpine belts of European mountains.
R 14 - Perennial rocky grassland of the Italian Peninsula: Found exclusively on base-rich bedrocks in the Italian Peninsula and Sicily, this grassland is best developed within the sub-mediterranean bioclimatic zone. It is characterized by perennial grasses, herbs, mat formers, and sub-shrubs, often on steep, rocky terrain. The habitat is typically species-rich, sometimes containing contingents of annuals and geophytes, and may host endemic plants. Originally developed through the clearance of broadleaved and mixed forest, it is maintained by traditional grazing practices, contributing to its distinctive cultural landscape.
R 43 - Temperate acidophilous alpine grassland: This grassland and dwarf chamaephyte vegetation grow on skeletal and shallow soils over predominantly siliceous bedrocks in the alpine belt throughout the temperate mountains of Europe. It is characteristic of the highest summits and ridges, often exposed to strong winds and largely snow-free in the winter.
R 45 - Alpine and subalpine calcareous grassland of the Balkans and Apennines: This vegetation consists of grass-dominated communities on base-rich soils in the high mountains of the Balkans and Apennines. It includes both primary vegetation above the tree line and secondary grasslands maintained by grazing at lower altitudes.

	VEGETATIONS
	TYPICAL SPECIES
	Council Directive 92/43/EEC “Habitats Directive”

	EUNIS (Chytry et al., 2019)

	Juniperus dominated shrubland (jun)
	Juniperus communis var. saxatilis 

	4060 Alpine and boreal heaths
	S 23 Alpine and subalpine Juniperus scrub

	Brachypodium dominated grassland (brcp)
	Brachypodium genuense
	-
	-

	Globularia dominated grassland (glob)
	Globularia meridionalis, Helianthemum oleandicum subsp. incanum, Anthyllis vulneraria
	-
	R 14 Perennial rocky grassland of the Italian Peninsula

	Festuca dominated grassland (fstc)
	Festuca sp.pl., Bromus erectus, Koeleria splendens
	6210 (*) Semi-natural dry grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia) (*important orchid sites) (6210 (*))
	R 14 Perennial rocky grassland of the Italian Peninsula

	Nardus dominated grassland (nard)
	Nardus stricta
	6230 Species-rich Nardus grasslands, on siliceous substrates in mountain areas (and submountain area, in Continental Europe) 

	R 43 Temperate acidophilous alpine grassland

	Sesleria dominated grassland (sesl)
	Sesleria juncifolia
	6170 Alpine and subalpine calcareous grasslands
	R 45 Alpine and subalpine calcareous grassland of the Balkans and Apennines
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Appendix S3. Accuracy Assessment
An error matrix was used to evaluate the accuracy of the vegetation classification map. The following table (Table S2-2) shows: 
(1) the overall accuracy, defined as the total number of correctly classified plots over the total number of plots; indicates the number of plots classified as belonging to the same vegetation category in the satellite mapped classes and field vegetation surveys.
(2) the producer accuracy is the proportion of correctly classified plots over all plots in the produced classification which indicates how accurately real vegetations on the ground are displayed on the classified map.
(3) User accuracy describes the percentage of correctly classified plots from all control plots in vegetation surveys, it essentially tells us how often the class on the map will actually be present on the ground. 
(4) the Kappa statistic (0 ≤ Kappa ≤ 1) with values close to 0 indicating poor agreement and values close to 1 indicating excellent agreement. Kappa essentially evaluates how well the classification performed as compared to just randomly assigning values, i.e. did the classification do better than random.

Table S2-2: Results of the harmonization test (error matrix and Kappa statistics) between the classes based on the vegetation surveys and the photo-interpreted classification map.

	
	brcp
	glob
	fest
	nard
	sesl
	jun
	user 
accuracy

	brcp
	13
	0
	1
	0
	0
	0
	0.93

	glob
	1
	17
	3
	0
	0
	1
	0.77

	fest
	0
	6
	9
	0
	0
	1
	0.56

	nard
	0
	0
	2
	6
	0
	0
	0.75

	sesl
	0
	0
	0
	0
	7
	0
	1

	jun
	0
	0
	0
	0
	0
	15
	1

	producer
accuracy
	0.93
	0.74
	0.6
	1
	1
	0.88
	


	Overall accuracy = 0.82; K = 0.791
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Appendix S4. Vegetation classification
A multivariate statistical analysis was conducted to classify the sampled vegetations. Hierarchical clustering, based on the similarity in plant community composition, divided the vegetation surveys into subgroups. This clustering utilized Ward.D2 linkage and was performed using the "hclust" function from R's "stats" package (R Core Team, 2019), considering species' relative abundances. Despite our initial classification, the vegetation we encountered aligns with descriptions provided by other authors (Abbate et al. 1994; Biondi et al. 1999; Blasi et al. 2003; Stanisci et al. 2005; Blasi & Del Vico 2012; Ciaschetti et al. 2016) regarding the most common herbaceous vegetation in the high-altitude areas of the Central Apennines.
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Figure 11 - Cluster analyses of the herbaceous communities present in our study areas.
GR 1: Sesleria-dominated vegetation
GR 2: Brachypodium-dominated vegetation
GR 3: Globularia-dominated vegetation
GR 4: Nardus-dominated vegetation
GR 5: Festuca spp.-dominated vegetation

According to our cluster analysis, the following five groups were identified:
The first group (Sesleria dominated-vegetation) consist of grasslands dominated by Sesleria juncifolia, referable to the alliance Seslerion apenninae. These surveys refer to alpine vegetations in the strict sense, so they are the most distinct from each other. These are natural grasslands generally occurring at higher elevations, on soils that are often cryoturbated and poorly formed.
The second group (Brachypodium dominated-vegetation) consist of grasslands dominated by Brachypodium genuense. These are tall and often closed grasslands, characterized by the almost complete dominance of the tall-grass Brachypodium genuense. This vegetation generally growth on deep soils, usually on steep terrain (where the soil is thin, Brachypodium coverage is barely complete) and are often linked to poor grazing pressure.  
The third group (Globularia dominated-vegetation) consist of open herbaceous vegetations composed mainly of chamaephytes, the most recurrent being Globularia meridionalis at our sites. These vegetations can be referred to the alliance Cerastio tomentosi-Globularion meridionalis.
The fourth group (Nardus dominated-vegetation) consists of grasslands dominated by Nardus stricta, which can be referred to the Ranunculus pollinensis - Nardion strictae alliance. These are high-altitude vegetations that grow on acid and deep soils, forming dense and closed stands. Nardus dominated-grasslands are generally associated with grazing.
The fifth group (Festuca spp. dominated-vegetation) consist of semi-arid, calcicole grasslands dominated mainly by Festuca spp which can be referred to the Phleo ambigui-Bromion erecti alliance. These are grasslands associated with grazing that grow on shallow soils, often on moderate slopes.
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Appendix S5. land cover percentage
This matrix presents the cover values of the examined land cover types, expressed as a percentage of the total area under consideration. The rows represent the cover values in 1954, while the columns represent the cover values in 2016. Each value signifies the transformation in land cover that took place from 1954 to 2016. The rightmost column displays the total land cover values for each class in 1954, and the bottom row indicates the total land cover values for each class in 2016.
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Livestock In Rieti Province

cow	1930	1961	1970	2000	2010	18680.206999999999	27444	27191	18939	14821	sheep	1930	1961	1970	2000	2010	83137.184999999998	80806	59082	54397	28839	goat	1930	1961	1970	2000	2010	8621.634	4827	3956	3369	1916	horse	1930	1961	1970	2000	2010	14895	9713	7253	3577	2756	



Livestock in Frosinone province

cow	1930	1961	1970	2000	2010	13486.452230000001	17989	15814	11531	7629	sheep	1930	1961	1970	2000	2010	69168.141140000007	43219	31177	33063	8893	goat	1930	1961	1970	2000	2010	9079.9876399999994	7393	4895	4823	3305	horse	1930	1961	1970	2000	2010	10014.69225	8124	5772	2116	1441	
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jun fest sesl noveg brcp nard glob tot_1954
jun 1,02 0,02 0,62 0,05 0,26 0 0,6 2,57
fest 0,2 2,54 0,02 0 2,51 0 0,69 5,96
sesl 2,52 0 12,83 0,36 1,68 0 2,08 19,47



noveg 0,03 0 0,07 1,78 0,15 0 0,02 2,05
brcp 1,37 0,54 3,41 0,92 42,28 0 0,38 48,9
nard 0 0 0,02 0 0,12 0 0,01 0,15
cam 2,74 0 1,96 0,49 1,6 0 14,12 20,91



tot_2016 7,88 3,1 18,93 3,6 48,6 0 17,9 100



Mt. Terminillo
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jun fest sesl noveg brcp nard glob tot_1954
jun 4,25 0,48 1,1 0,1 0,08 0 2,4 8,41
fest 2 28,48 0,58 0,24 0,19 1,26 1,32 34,07
sesl 3,66 0 9,72 0 1,77 0 1 16,15



noveg 1,05 0 0 5,55 0 0 0,61 7,21
brcp 0 0,31 0 0 0,46 0 0,01 0,78
nard 0,24 1,69 0 0 0 5,65 0,21 7,79
cam 3,39 3,66 1,05 1,5 0 0,61 15,38 25,59



tot_2016 14,59 34,62 12,45 7,39 2,5 7,52 20,93 100



Mts. Duchessa
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Mts. Duchessa
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jun fest sesl noveg brcp nard glob tot_1954
jun 3,31 0,33 0 0,05 0 0,09 1,39 5,17
fest 0,61 2,43 0 0 0 0,52 0,75 4,31
sesl 0 0 0 0 0 0 0 0



noveg 0,04 0 0 0,95 0 0 0,12 1,11
brcp 0 0 0 0 0 0 0 0
nard 1,27 0,23 0 0,2 0 22,8 2,44 26,94
cam 13,25 5,66 0 1,29 0 4,59 37,69 62,48



tot_2016 18,48 8,65 0 2,49 0 28 42,39 100



Mts. Ernici
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