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Environmental and management drivers of alpine grassland vegetation types
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Abstract

Current vegetation of alpine grasslands has been shaped by the
combination of natural ecological factors (such as climate, soil,
topography) and human activities, mainly represented by animal
grazing and agricultural practices. An assessment of these factors
can explain the present composition of plant communities and help
to evaluate the future development of rangeland vegetation.
Nowadays, the analysis of the botanical composition of grasslands
is of a major importance in order to propose appropriate manage-
ment plans for the sustainable exploitation of pastoral resources and
their future conservation. The main purpose of this work was to
assess the relevance of ecological and management factors in alpine
grasslands in an area located in eastern Italy, currently used for
extensive grazing, and to describe the main factors that affect the
characteristics of pasture types. To this aim, about 900 ha of alpine
grasslands were surveyed in Val Visdende (northern Veneto,
province of Belluno, Italy) by means of 189 linear transects. Some
environmental variables (altitude, slope, aspect) and factors related
to management (pastoral value, animal excreta, distance from night
barns) were collected for each botanical transect. Landolt indicators
were calculated in order to evaluate the ecological space occupied
by each type. This assessment made it possible to identify the most
relevant grassland communities (namely nutrient poor, shrub
encroached, nutrient rich and humid pastures) occurring in the stud-
ied area, the effectiveness of ecological indicators to describe and to
differentiate vegetation groups and the effect of animal management
and ecological factors in the discrimination of grassland types.
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Introduction

Alpine grasslands represent a widespread forage resource that
has been designed over the centuries by environmental character-
istics and management practices (Peter ez al., 2004; Argenti et al.,
2012) and replaced previous vegetation dominated by a variety of
forests in many mountainous areas of Europe (Gellrich and
Zimmerman, 2007; Primi et al., 2016). Biomass production and
grazing utilization are often limited to a short period of time (Van
den Pol-van Dasselaar ef al., 2008) due to the physical constraints
in this severe environment (Peeters, 2015). At the same time, man-
agement is usually extensive and, especially in marginal areas,
characterized by undergrazing/abandonment or reduced agronom-
ical interventions (Giustini et al., 2007; Probo et al., 2016) due to
depopulation and ageing of farmers (Orlandi ez al., 2016). As a
consequence of this reported evolution, a general reforestation of
secondary grassland can be identified that is generally preceded
by encroachment by woody species (Targetti et al., 2013; Tussig et
al., 2015).

Vegetation occurring on a specific area is always represented
by different grassland types (Cavallero et al., 2007) and their iden-
tification is one of the most important assessment that can be con-
ducted in pastoral research (Cavallero et al., 2002). Grassland
types can be defined as plant communities characterized by the
dominance of a limited number of species and the presence of a
variable number of species sharing similar ecological conditions
(Cavallero et al., 2007). Pastoral types differ in terms of botanical
composition and, in turn, in carrying capacity (Argenti and
Lombardi, 2012). Therefore, the assessment of vegetation can be
also considered a tool to implement pasture planning (Pittarello et
al., 2019) and analyze the impact of specific management options
on pastoral resources (Pornaro et al., 2019).

Nowadays, these resources serve as a source of forage
biomass and also provide a wide range of ecosystem services
(Lamarque et al., 2011; Gargano et al., 2017; Bengtsson et al.,
2019), such as preservation of endangered species or habitat for
wildlife, protection against erosion, maintenance of soil fertility,
enhancement of carbon sequestration, landscape heterogeneity
conservation (Laiolo et al., 2004; Ponzetta et al., 2010; Scotton et
al., 2014; Elias and Tischew, 2016; Hao et al., 2017). Future
preservation of these services will be influenced by human man-
agement (Komac et al., 2014; Rodriguez-Ortega et al., 2014), in
terms of stocking rate, time and duration of utilization, employed
animal species and by environmental factors, such as topography,
geomorphology, soil and climate (Chamberlain ef al., 2013; Dibari
et al., 2016; Rojas-Downing et al., 2017).

The main aim of this work was to perform an analysis on how
management and ecological factors can affect the characteristics
and the distribution of various types of alpine grasslands, which in
the study area were exclusively natural pastures. This kind of
assessment can be performed at a landscape or local level (Orlandi
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et al., 2016). In our case, we selected to operate at the local level
on a limited area represented by an internal valley in eastern Italian
Alps, as an assessment at a small spatial scale is useful to detect the
extreme variability in vegetation properties present in alpine pas-
tures (Rossignol et al., 2014) and to analyze the impact of manage-
ment practices and environment on vegetation (Pornaro et al.,
2019). The study area is characterized by land abandonment and a
remarkable reduction in animal utilization (Argenti et al., 2011).
The entire valley presented a wide range of different environmen-
tal conditions due to geo-topographical variability, and a mosaic of
abandoned and more intensively utilized areas. Therefore, this
study allowed us to evaluate the importance of different manage-
ment and physical factors on occurring grassland types.

Materials and methods

This study was conducted in Val Visdende (latitude 46.6088 N,
longitude 12.6292 E), a valley located in the northern part of the
Veneto Region (province of Belluno), in the north-eastern part of
the Italian alpine chain, near the Austrian border. Its altitude ranges
from about 1600 m to 2300 m above sea level, the mean annual
temperature is 2.7°C and the average annual rainfall is 1288 mm.
Data from a weather station in Campobon, located approximately
in the middle of the studied area at an altitude of 1941 m asl,
showed that half of the total annual rainfall occurs during the veg-
etation growing period (Targetti et al., 2010). The soil substrate is
complex and heterogeneous and includes both shale-clay
(siliceous) and calcareous-dolomite parent material (Sabatini ef al.,
2008). The farming system used on the studied grasslands is wide-
ly extensive and involves only grazing in summertime, despite this
entire territory had a remarkable decrease of the pasture surface
over the last 40 years (Targetti ef al., 2010). The period of utiliza-
tion for animal husbandry (mainly cattle) extends from early June
to the mid-September, with some slight adaptation according to
inter-annual variation of forage availability. The surface of the pas-
ture land in the studied valley is about 900 ha, is owned by local
communities (Regole) and is divided into several upland farms
(malghe) (Table 1).

In the study site, a botanical survey was performed in order to
assess pastoral characteristics and the distribution of the grassland
types occurring in the area. The botanical composition was
assessed by means of 189 linear point-quadrat transects scattered
on the entire area according to Daget and Poissonet method (1971).
Each transect was geographically localized by means of a GPS
device and marked on 1:10,000 technical maps (Veneto
Cartographic Service). Along the transects, each species touching
a steel needle was recorded obtaining the Specific Frequency (SFj)
of the i-species, i.e. the number of times that a given species was
encountered along the line (Argenti and Lombardi, 2012). The

Table 1. Characteristics of summer farms of the Val Visdende area.

number of species recorded along a transect represented the floris-
tic richness (Pornaro ef al., 2019). The species nomenclature was
reported according to Pignatti (1982).

Based on SF;, the Species Contribution (SC;) for each species
to the botanical composition of the pasture was determined as:

SC, = SE_ 100 (M

SsF

where SC; is an estimation of the percentage occurrence of a
species inside the canopy (Probo ef al., 2013).

For every botanical transect, the Pastoral Value (PV, Daget and
Poissonet, 1972) was obtained using the following formula:

SC. xSI.
PV = ¥ %100 2)

where SI; is a synthetic index (ranging from 0 to 5) assigned to a
given species to summarize its forage value (Cavallero et al.,
2002). PV values ranged from 0 to 100 and were used to assess the
global forage potential of this pastoral area and, by means of a
transformation coefficient, its carrying capacity (Cavallero et al.,
2007).

The importance of some environmental factors was assessed
using Landolt indicators, originally proposed for Swiss flora
(Landolt, 1977; Landolt et al., 2010), but later widely applied in
several Italian pastoral environments (e.g. Lonati, 2005; Targetti et
al., 2010; Gusmeroli et al., 2013; Orlandi et al., 2016; Pornaro et
al., 2019). A value on a scale ranging between 1 and 5 was given
to each plant species taking into account its sensitivity to a specific
environmental factor. For each transect, the weighted averages
(using SC of each species as weight) of the Landolt indicators
(Table 2) recognized as being most relevant for the description of
the grassland characteristics according to previous research were
evaluated (Argenti and Lombardi, 2012; Gusmeroli et al., 2013;
Pornaro et al., 2019). For each identified vegetation type, the aver-
age values of selected Landolt indicators were graphically repre-
sented by means of ecograms, namely radar charts with six axes,
one for each Landolt index (Domina et al., 2018).

The topographical characteristics (elevation, slope, aspect)
were extracted from technical maps for each sample area. South
and west aspects were arranged according to Chang et al. (2004).
Distances from each transect to the nearest night barn were calcu-
lated as a potential factor affecting vegetation utilization by ani-
mals. The percentage of ground covered by excreta and rocks and
the proportion of bare soil were both assessed simultaneously for
the vegetation transects by means of a visual estimation for each
botanical analysis.

Londo 146 1610-2210 37 SE Siliceous/calcareous
Dignas 90 1600-2150 32 SE Calcareous/siliceous
Antola 69 1850-2280 20 SE Siliceous
Campobon 268 1790-2330 39 S Siliceous/calcareous
Cecido 137 1940-2300 21 SW Siliceous
Manzon 181 1850-2250 25 S Siliceous
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In addition, direct interviews to farmers and staff of local pub-
lic boards and municipalities allowed us to obtain the real average
number of animals grazing in the summer season for each summer
farm. These animal data were transformed in Livestock Units
(LUs) according to Allen et al. (2011) to standardize the presence
of different animal species in the herd or different age classes of
individuals inside the same species.

The data from every botanical transect were organized in a
species % transect matrix. All transects were grouped by means of
a hierarchical cluster analysis in order to identify the main grass-
lands types occurring in the area (Borchardt et al., 2011). Bray-
Curtis dissimilarity coefficient was used as a measure of distance
among clusters and Ward’s method was used to investigate
agglomeration (Argenti and Lombardi, 2012). The principal com-
ponents analysis (PCA), after a Z-score standardization (Leps and
Smilauer, 2003), was adopted to identify the ecological or manage-
ment factors with the highest influence on the distribution of pas-
ture types (Dibari ef al., 2016). Anova was performed among iden-
tified types to test differences in specific parameters. All statistical
analyses were performed using SPSS Statistics for Windows pack-
age release 25 (IBM, 2017).

Results

The assessment of the pastoral area allowed us to evaluate the
level of pasture utilization (Table 3). The pastoral values ranged
from low (12) to moderate (20) and were used to derive the carry-
ing capacity for the whole grazing season in terms of LUs. The
actual number of LUs reared in each farm was used to evaluate the
utilization percentage as a ratio between the real stocking rate and
the carrying capacity. Our results showed a clear and remarkable

underutilization of the whole area, with a maximum utilization rate
of about 20% and the lowest value of the carrying capacity at 4%.

A cluster analysis was performed to evaluate the agglomera-
tion of the 189 botanical transects that were grouped into four clus-
ters (Figure 1), which corresponded to four grassland types with
remarkable differences in terms of environmental conditions and
vegetation characteristics (Table 4). Group 1 (nutrient poor),
occurring on 291 ha, was represented by pastures in low fertility
soils, mainly dominated by matgrass (Nardus stricta, 10.6 as aver-
age SC) and with a significance presence of high-altitude species,
such as Festuca gr. rubra (SC=8.2), Leontodon helveticus
(SC=6.5), Geum montanum (SC=5.4) and Homogyne alpina
(SC=5.1). The average pastoral value of this type was rather low
(13.9) and its average altitude was over 2000 m asl. Group 2
(shrubs encroached) was represented by grasslands with a high
percentage of woody species cover (more than 30%), mainly
belonging to Ericaceae family; Calluna vulgaris (SC=9.1),
Vaccinium myrtillus (SC=7.5) and Rhododendron ferrugineum
(6.8) were the main shrubs of this type, while Nardus stricta

Table 2. Landolt indicators used in the study.

Soil moisture
Soil reaction (pH)
Level of nutrients in the soil (especially N)

Humus content

Radiation needs of species
Temperature needs of species
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Nutrient poor 1

Shrubs encroached 2

Nutrient rich 3

Humid pastures 4

Figure 1. Cluster analysis of 189 botanical samples for identification of grassland types.
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(SC=6.8) was the main herbaceous species, followed by species
belonging to Luzula and Carex genera. This group was the most
widespread in the study area (320 ha), at an average altitude com-
parable to that of group 1 and in sites with an average slope which
was significantly higher than other pasture types. Its pastoral value
was the lowest recorded among the four groups (9.5), as almost all
recorded woody species were not palatable and therefore had a
Specific Index equal to 0. Moreover, in some areas accessibility of
livestock was affected by a high density of shrubs. Group 3 (nutri-
ent rich) was represented by pastures in soils with good fertility
and was the most utilized by grazing animals. This grassland type,
located at the lowest altitudes, was very often in the surroundings
of night barns (on 179 ha), it was maintained by animal utilization
that guaranteed an adequate return of animal excreta to the soil
(more than 5% as ground cover). The main species is Festuca gr.
rubra (SC=10.8), followed by Alchemilla gr. vulgaris (SC=5.5),
Carex sempervirens (SC=4.9) and Trifolium repens (SC=4.7). This
group is characterized by a relatively high forage quality
(PV=22.4) and the highest level of species richness per transect.
Group 4 (humid pastures) consisted largely of species typical of
high-humidity soils, such as the most widespread Deschampsia
cespitosa (SC=18.8) and Alchemilla gr. vulgaris (SC=11.2), and by
palatable species, like Phleum alpinum (SC=15.0) and Festuca gr.
rubra (SC=8.5). This type was the less represented in the study
area (101 ha) and was characterized by low species richness, but it
presented the best forage quality (PV equal to 26.5).

Group 1 and 2 presented very similar ecograms according to
weighted Landolt indicators (Figure 2), as they occupied almost
the same ecological space. Both groups were distributed in areas
with low pH (mainly acid), reduced fertility (low N values) and a
high level of humus accumulation (likely due to low decomposi-
tion rates of the litter). These variables differentiate these types
from others. Groups 3 and 4, on the contrary, were mainly charac-
terized by higher soil fertility, with neutral reaction. Group 4 pre-
sented the highest average humidity (F, values over 3). The T indi-
cator related to temperature was almost the same for all the studied
vegetation types (with exception of the nutrient-poor group).

The Principal Components Analysis allowed us to describe the

Table 3. Pastoral characteristics of the assessed summer farms.

ecological and management factors that were mainly able to dis-
criminate groups along the first three axes accounting for 53.6% of
the total variance and to outline the differences between the iden-
tified grassland types (Table 5). The adequacy of the analysis was
assessed by the Kaiser-Meyer-Olkin measure (KMO, equal to
0.610 in our case) and by the Bartlett’s test of sphericity
(P<0.0001). The PCA (Figure 3) shows a clear differentiation
between types 1, 3 and 4 (herbaceous dominated) vs. type 2 (shrub
dominated). In particular, considering the first axis, humus, nutri-
ents and pH played a major role in the characterization of type 2.
Actually, types 1 and 2 were correlated along the first axis to
humus accumulation and acid substrates, and a clear discrimina-
tion was produced by a high distance from night barns and increas-
ing slope (especially for type 2). On the contrary, types 3 and 4
were distributed mainly on the left side of the first axis and were
highly correlated to more alkaline pH and to increasing fertility in
the soil. Along the second axis, the different types were mainly dis-
criminated by temperature (T values, inversely correlated to eleva-
tion), presence of species in relation to the light (L values, which
was lower in shrubs encroached grasslands), elevation and distance
from night barns, which was especially important to discriminate
type 1 represented by pastures on low-fertility soils. Other factors,
such as the proportion of ground covered by animal excreta or
rocks or bare soil, proved to have a limited power of discrimination
among types.

Discussion

As already clearly pointed out by previous researches in alpine
environments (Ziliotto et al., 2004), the analyses of botanical com-
position and pasture quality performed by means of the pastoral
value helped to assess forage potential production and the nutri-
tional value, which is also related to the quality of the derived
products (Bovolenta ez al., 2012). The identification of different
pasture types is not only an important tool to describe pastoral
areas (Argenti and Lombardi, 2012), but it is also very useful in

Londo 20+2.1 171 34 20
Dignas 14+1.7 72 9 12
Antola 15210 61 12 20
Campobon 13+1.1 190 25 13
Cecido 12210 100 4 4
Manzon 12+1.2 131 18 14

LU, livestock unit. According to Allen et al., 2011.

Table 4. Main characteristics of identified grassland types.

1. Nutrient poor " 291 13.9¢£0.5 20.30£0.6 20812+16.4 25.80+2.7
2. Shrubs encroached 48 320 9.50-£0.6 22.100.7 20162+13.0 50.32+4.7
3. Nutrient rich 48 179 22.4v+2.1 27.92£1.2 18920+25.2 26.9>+3.6
4. Humid pastures 16 101 26.5%+2.2 10.9¢+0.9 19130+22.2 26.9>+8.4
Total area 189 891 15.2 219 2002 30.2
Data are reported as average + S.E., values with the same letter are not significantly different for P<0.05.
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order to assess their carrying capacity (Cavallero et al., 2007). In
our site, carrying capacity data compared with the real stocking
rate highlighted a remarkable reduction of animal pressure on the
studied resources and the consequent effect on vegetation. This
process was similar to that reported by other studies carried-out in
the alpine chain or in other mountain areas in Europe (Camacho et
al., 2008; Alvarez-Martinez et al., 2016; Gianguzzi et al., 2018).
The underutilization, which is recognized to affect grasslands char-
acteristics and their botanical composition (Orlandi et al., 2016),
emerged as the most threatening factor for these resources and
their conservation. Therefore, only a rational management
approach based on an accurate planning aimed at achieving bal-
ance between the actual stocking rate and the carrying capacity
could counterbalance their ongoing evolution (Pittarello et al.,
2019). However, the stocking rate adjustment should be coupled
with the implementation of a proper grazing technique, such as
rotational grazing, in order to produce an actual improvement in
forage production and in the grassland botanical composition
(Perotti et al., 2018).

The most frequent pasture types identified in our study were
dominated by matgrass (group 1) or highly encroached by different
shrub species, mainly belonging to Ericaceae (group 2). This
occurrence is nowadays very common in the Alps and many stud-
ies were focused on the development of poor rangelands as an

1) Nutrient poor

3) Nutrient rich

Table 5. Variance explained and coefficients of the first three com-
ponents after PCA. Only coefficients > |0.400| are shown.

Percentage of explained variance (%) 221 173 14.2
Cumulative variance 22.1 39.4 53.6
F 0.493
R —0.860

N —0.836

H 0.888

L —0.428 —0.760

T 0.837

Rock cover

Excreta

Bare soil

Elevation 0.436 —0.654

Slope 0.444

Southness 0.891
Westness 0.901

Distance from night barn —0.595

2) Shrubs encroached

4) Humid pastures

Figlre 2. Ecodiagrams for Landolt indexes for identified grassland types. Values of indicators with the same letter are not significantly

different for P<0.05.
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effect due to land abandonment or undergrazing (e.g. Erschbamer
et al., 2003), which caused changes in soil chemical properties
(Urbina et al., 2020). This condition is favourable to Nardus stric-
ta, an oligotrophic low-forage quality species, which can vegetate
abundantly in low-fertility areas (Giisewell et al., 2005).
Therefore, this species is considered as an indicator of underuti-
lization of pastures in comparison to their carrying capacity
(Cavallero et al., 2002). This, in turn, can be considered a potential
threatening factor for floristic diversity as, in many similar con-
texts, grazing reduction or land abandonment were acknowledged
as one of the main driving factors, which can lead, in the medium-
long term, to a reduction in plant species richness and the disap-
pearance of some species typical of semi-natural grasslands (e.g.
Fischer and Wipf, 2002; Guardiola et al., 2004; Peeters, 2009).
This is consistent also with our findings, comparing group 1 and
group 3 in terms of species richness.

The use of Landolt indicators, or similar indexes, such as those
proposed by Ellenberg (1988), represented an efficient tool to
detect the importance of different environmental factors to
describe the identified plant communities (Pignatti ez al., 2005). In
this way, it was possible to outline briefly the ecological space
occupied by each vegetation type (Lonati, 2005), and consequently
to compare different grassland types in order to identify the most
important physical determinants which can be used to discriminate
among the different groups (Pornaro et al., 2019). The indicators
which differed the most among types were those concerning soil
nutrients (N) and humus (H). This evolution can be considered as
an indirect consequence of limited utilization and decreased stock-
ing rate according to Perotti et al. (2018). Especially, nutrient
enrichment of the soil by grazing animals was acknowledged as a
key factor to produce remarkable changes in botanical composition
and biomass production in grasslands (Augustine and Frank,
2001). Previous research has already highlighted the evident rela-

300000

1,00000

tionships between pasture types and the N indicator observed
along a gradient (Targetti ef al., 2010). Ecograms did not only
allow the description of the present ecological space occupied by a
given type, but they are also a tool to hypothesize various dynam-
ics and transitions among types, especially in relation to types 1
and 2, as previously acknowledged on the basis of a state-and-tran-
sition approach (Bestelmeyer ef al., 2009; Targetti et al., 2010). At
the same time, groups 3 and 4 shared almost the same ecological
space. In this respect, the indicators relate to pH and soil nutrients
appeared to be the most effective in discriminating them from the
others.

At the same time, other features were acknowledged by the
PCA to be of extreme relevance for the assessment of grassland
types, such as slope and distance from the barns. These topograph-
ical factors can be considered as drivers of potential utilization of
pastures, taking into account their effects on livestock accessibility
(Orlandi et al., 2016). The slope is considered one of the most
important factors which is negatively correlated to the grazing
activity (Homburger et al., 2015). Hence, in many alpine pastures,
especially characterized by a limited number of grazing animals,
sites on steep slopes are the first to be abandoned and to experience
areduced presence of animals (Maurer ef al., 2006). Consequently,
these areas are remarkably susceptible to shrub encroachment and
natural reforestation. In this respect, the results of our study were
consistent with previous findings in alpine pastures (Tasser et al.,
2007). At the same time, also the distance from barns represented
a factor that discriminated different vegetation types, often show-
ing a negative correlation with forage quality, as the areas closer to
the barns are grazed more intensely and where animal dung is
remarkably concentrated (Sabatini et al., 2008). In our study, such
nutrient-rich areas showed a higher pastoral value than those locat-
ed in more marginal areas, as reported also by several researchers
(Skarpe and Hester, 2008; Parolo et al., 2011; Pornaro et al., 2019).

Grassland

Axis 2

<1 00000

-3,00000

Axis 1

Figure 3. Principal component analysis: position of each transect (189 dots in total) on the first two axes (39.4% of the total variance

explained) and their allocation to identified grassland types.
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On the contrary, the portions of pastures located at the external bor-
der of the areas were generally characterized by the presence of
oligotrophic species, often of reduced forage interest, and by a
remarkable density of shrubs and woody species, as already
observed by Velev and Apostolova (2008).

Conclusions

The characterisation of alpine grasslands in the studied area
clearly highlighted the variability of the investigated resources (in
terms of botanical composition and forage quality), the possibility
of identifying relations between this variability and some specific
features, such as ecological factors (slope, pedological characteris-
tics, fertility of soil) and management factors (distance from barns)
as well as the possibility of using synthetic indexes, such as
Landolt indicators, to define specific environmental traits. From
the analysis of these factors it was possible to hypothesize the
dynamics of grassland vegetation types and to infer the basic prin-
ciple for sustainable management, which is the key to conserve
efficiently these resources. However, the prevalence of negative
aspects, such as underutilization, irregular animal spatial distribu-
tion and use of inappropriate animal species, can result into a
degradation of these areas with an increase of species of low graz-
ing interest, such as matgrass or shrubs. The proposed approach
provided evidence of the possibility of parameterizing environ-
mental features by means of simple indicators to assess the most
important factors influencing the different pasture types and to
understand the evolution of vegetation depending on complex and
hard-to-measure activities, such as grazing. In this context, the
depiction of the dynamics among the grasslands types by means of
synthetic indicators applied to a wide dataset of botanical samples
is one of the most important outputs of our research. Our results
highlighted also that an appropriate management approach can
make it possible to drive remarkably the grassland botanical com-
position toward types of high forage quality.

Our results confirm the trend showing an underutilization of
this sector of the Alps and its consequences in terms of pasture
encroachment by shrubs. Beside the socio-environmental prob-
lems related to this phenomenon (e.g. landscape aesthetic loss, bio-
diversity reduction), another topic for discussion is the need for
designing grazing management after an accurate assessment of the
grassland carrying capacity and using grazing techniques that can
effectively contribute to preserve pastoral resources. The incen-
tives for maintaining grazing animals in the uplands are useful and
the agricultural policies for mountain and/or marginal areas should
not only take into account the number of animals, but also grazing
management techniques and production-related parameters.
Indeed, the increase of the stocking rate can be inefficient or even
negative if not coupled with appropriate grazing techniques to
achieve a balanced spatial distribution of animals to avoid dung
concentration in the flat and easily accessible areas. In some cases,
facilitating the natural vegetation dynamics in the steepest and less
accessible areas could be a potential strategy to consider, however
it is necessary to perform a careful analysis of the ecosystem ser-
vices linked to these resources, which should go beyond mere for-
age production.

Highlights

This research work led to proper identification of the different
types of grassland occurring in an alpine study area
The importance of main management and ecological factors to
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discriminate different types of pasture was assessed

Landolt indicators are an efficient and synthetic tool to
describe the relationships between environmental factors and
alpine plant communities

The information collected on the interaction among different
types of grassland can support activities aimed at a sustainable
management and conservation of these alpine herbaceous
resources.
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