
Introduction 

Since the second half of the 20th century, changes in land
use associated with the intensification of agriculture have
been the major cause of losses in the biodiversity of farmland
at local, regional, and global scales (Norris 2008). Over the
last few decades in many European countries, flat and more
accessible areas have been managed more intensively,
whereas hilly and mountainous areas have been abandoned
(MacDonald et al. 2000, Tasser and Tappeiner 2002, Mottet
et al. 2006). 

In the Italian Alps, summer pastures are still managed in
traditional ways, which maintain important grassland habi-
tats of many species, although the number of pastures has de-
clined drastically over the past few decades (Laiolo et al.
2004, Giupponi et al. 2006, Tasser et al. 2007). These sum-
mer farms consist mainly of grazed grasslands located

around the centre of the farm (typically a stall). Summer
farming creates a landscape with large variation and strong
gradients in the effects of grazing animals, which results in
very distinct vegetation patterns (Vandvik and Birks
2002a,b). Nitrophilous communities and productive
manured grassland dominate the area immediately surround-
ing the stall. Away from farms, this heavily disturbed and
manured vegetation gives way to extensive low-productive
perennial grasslands (Vandvik and Birks 2004). A recent
census of dairy farming in the Trento province revealed that
only 300 of the 700 summer farms listed were actually man-
aged (Provincia Autonoma di Trento, Dipartimento Agricol-
tura, “unpubl.”). As a result, the species composition of pas-
tures below the tree line has been changing in favour of forest
species, with a consequent reduction in biodiversity (Fischer
and Wipf 2002). This kind of seminatural grassland needs to
be maintained through periodic interventions in manage-
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ment, such as mowing and grazing, in order to withhold the
encroachment of trees and shrubs (Rook et al. 2004). 

Changes in land use constitute a threat to the persistence
of these grassland ecosystems (Dullinger et al. 2003, Spie-
gelberger et al. 2006). Therefore, it is very important to un-
derstand the mechanisms leading to the organisation and dis-
tribution of these communities to preserve plant diversity and
to develop effective agri-environmental schemes, which can
maintain and enhance biodiversity.

Environmental conditions and vegetation composition in
the European Alps vary due to broad-scale factors such as
altitude, precipitation, or geographic location, reflecting dif-
ferent climatic conditions, and fine-scale site factors, like
variation in slopes, aspects, and soils (Ellenberg 1996,
Wohlgemuth 1998, Moser et al. 2005, Marini et al. 2008).
Local grasslands factors have been demonstrated to be im-
portant drivers of plant diversity due to different manage-
ment (Klimek et al. 2007, Raatikainen et al. 2007, Rudmann-
Maurer et al. 2008), topography (Sebastià 2004, Bennie et al.
2006), and soil properties (Critchley et al. 2002, Marini et al.
2007). 

The characterisation of organisms on the basis of multi-
ple biological attributes, such as physiological, morphologi-
cal, or life-history traits, has recently emerged as a promising
way to study the processes responsible for variation in spe-
cies composition and ecosystem functioning (e.g., de Bello
et al. 2005, Garnier et al. 2007, Pakeman et al. 2009).
Westoby (1998) proposed the leaf-height-seed (LHS) eco-
logical strategy as an alternative explanation for plant re-
sponses to environmental variation. The LHS scheme differs
from other classifications in that it is based on three easily
measured ‘‘soft’’ traits (sensu Díaz et al. 2004): 1) specific
leaf area (SLA), 2) plant canopy height at maturity, and 3)
seed mass. SLA, for instance, contributes to the potential of
a plant to respond to a change in exposure to stress, whereas
seed mass and plant height influence the ability of a plant to
adjust to the effects of disturbance and other environmental
changes (Poorter et al. 1990, Westoby 1998).

The European Alps provide interesting study areas to ex-
plore the relationships between environmental variables,
species composition, and the distribution of plant traits along
vertical gradients (elevation). However, these factors and
their relative importance for pasture are insufficiently known
in the Alps, because only relatively few studies, mostly in the
Northern Alps (Muller et al. 2003, Kleijn and Müller-Schärer
2006), have examined species and functional composition of
this vegetation community. Since some pasture communities
analysed in this study could be considered as habitats of
European interest (e.g., alpine and subalpine calcareous
grasslands or semi-natural dry grasslands on calcareous sub-
strates), our research also highlights the utility of under-
standing the factors influencing composition and functioning
of plant species. The aim of the present study was to quantify
the relative roles of different types of environmental vari-
ables in determining the variations of species composition
and plant traits in pastures of the Southern Alps. As sug-

gested by Garnier et al. (2007), we hypothesised that species
composition and functional variation in pastures of the
Southern Alps are controlled by three main environmental
filters: i) climate, ii) resource availability, and iii) grazing
pressure. Specifically, the following questions were ad-
dressed: (1) How do species composition and plant traits
change in relation to environmental filters? (2) What are the
relative contributions of climate, soil properties, and grazing
pressure in controlling plant and community functions?

Material and methods 

Study area and sampling

The study sites, in total 105 pasture plots (5 m × 5 m),
were located in northeast Italy in the Province of Trento (Fig.
1). The geology was heterogeneous with calcareous, sili-
ceous bedrock and mixed sediments. The annual mean tem-
perature was c. 8°C at the minimum altitude (1040 m a.s.l.)
and c. 1°C at the maximum altitude (2382 m a.s.l.). The an-
nual mean rainfall varied between 800-1300 mm year-1. All
the selected pastures were located in the highlands, in a land-
scape characterised by coniferous forests or subalpine
scrublands interspersed with grazed grassland, montane hay
meadows, and natural alpine and subalpine grasslands. Tra-
ditional summer pastures are grazed for two or three months
during summer, mainly by cows and sheep, which are then
moved back to the bottom of the valley for the rest of the
year. The pastures are manured mostly in the form of animal
urine and dung, and the area around the stall and other more
accessible areas are supplied with farmyard manure.

Floristic data were extracted from an existing dataset
containing 323 vegetation plots recorded on the studied graz-
ing areas and belonging to the following seven pasture plant
communities (Dainese 2010): (1) nitrophilous pastures (Ru-
micetum alpini), (2) montane mesic pastures (Festuco com-
mutatae-Cynosuretum), (3) subalpine mesic pastures (Poion
alpinae), (4) calcareous montane pastures (Bromion erecti),
(5) calcareous subalpine pastures (Seslerio-Caricetum sem-
pervirentis), (6) acid montane pastures (Homogyno alpinae-
Nardetum), and (7) acid subalpine pastures (Sieversio-
Nardetum strictae) (Dainese 2010). In this study, a total of
105 pasture plots (15 for each pasture community) were ran-
domly selected from the dataset (Appendix 1). The phytoso-
ciological nomenclature follows Mucina et al. (1993), while
the nomenclature of the vascular plants is according to the
Flora of the Alps (Äeschimann et al. 2004).

Plant traits

Three functional traits were selected, following the LHS
scheme developed by Westoby (1998): specific leaf area
(SLA), canopy height (CH), and seed mass (SM). Values for
CH were compiled from existing local floras (Äeschiman et
al. 2004), and those for SLA and SM from other published
sources (Kleyer et al. 2008, Klotz et al. 2002, Liu et al 2008).
The values for SLA, CH, and SM could be ascertained for
70%, 100%, and 80% of the species, respectively. The site-
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by-species matrix was combined with the species-by-trait
matrix, resulting in a matrix that contains the information of
average trait-weighted values per site (the ‘community ag-
gregated traits’, as defined by Garnier et al. 2004). For the
more common and abundant species, the values of the three
traits were nearly always available, which enabled us to ful-
fill the rule of thumb recommended by Pakeman and Quested
(2007), namely that the sum of weights of the species with
missing values should be smaller than 20% in each plot.

Explanatory variables

For each pasture plot, 9 explanatory variables were re-
corded belonging to three different groups: climate, soil
properties, and grazing pressure (Table 1). Since elevation
was strongly correlated with temperature (r = –0.98, p < 0.01,
Pearson correlation; Appendix 2), the former variable was
not used in subsequent analyses. When considering eleva-
tional gradients, it is useful to remember that, elevation can-
not be considered as a factor directly controlling the distribu-
tion of plant species (Kerr 2001). Elevation is a proxy term
for numerous variables that change with elevation. Some

variables, like temperature, are controlled by atmospheric
density and have a first order, clinal relationship to elevation
as expressed by the adiabatic lapse rate (Carpenter 2005).

The climatic variables were retrieved from existing con-
tinuous raster maps with a resolution of 100 m ×100 m de-
rived by spatialising the data of 64 climatic stations located
throughout the province (Sboarina and Cescatti 2004). We
selected the following climatic variables: (1) mean summer
(May-August) temperature (TEM), and (2) total summer
(May-August) precipitation (PREC). Temperature was se-
lected as a measure of available energy during the growing
season, and precipitation as an indicator of water availability.
In the case that pasture plots were located closer than 100 m,
the same extrapolated value of TEM and PREC was used. 

In each pasture plot, four soil samples were taken at a
depth of 0–20 cm, after removing the litter layer, and were
bulked prior to analyses. Soil pH (measured in water) and
available phosphorus (P_SOIL; mg P kg-1 extracted using
Olsen’s reagent) were measured. P_SOIL was selected as a
surrogate measure for soil fertility, following studies in
which phosphorus has been shown to be the most important
soil variable for determining plant and community functions
(Marini et al. 2007, Ordońez et al. 2009). Soil nitrogen (N)
was not considered in the analysis, because it gives an indi-
cation of the size of the soil N pool but not how much of this
pool is actually available for plant uptake (Vitousek and
Howarth 1991). Furthermore, soil depth (D_SOIL) was de-
termined for each pasture, as the mean of three measure-
ments. The bedrock variables were obtained from a geologi-
cal map of the province (Bosellini et al. 1999). The bedrock
types were grouped into four qualitative classes: sedimentary
calcareous bedrock (CAL), volcanic and metamorphic acid
bedrock (ACID), volcanic basic bedrock (VBAS), and mixed
debris (MIX).

Considering that animals graze freely during the day and
are gathered at night in the farm centre (barn, milking shed,

Table 1. Descriptive statistics of the quantitative explanatory
variables used in the analysis of 105 pastures of the Southern
Alps.

Figure 1. Location of the study area in the Ital-
ian Alps and distribution of grazing areas stud-
ied.
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or other assembly point for the animals), the spatial gradient
extending from farm centre to surrounding vegetation was
assumed – a priori – to parallel a gradient of decreasing ani-
mal influence on vegetation, as demonstrated by Vandvik
and Birks (2002a,b). Furthermore, topography (slope) was
assumed to be a further key factor driving grazing pressure
in the pastures, e.g., sloping pastures are grazed less inten-
sively than flat pastures. Based on these considerations, two
proxy indicators of grazing pressure were quantified: slope
(SLOPE) and distance to the farm centre (DIST). Slope was
calculated on the basis of a digital model of elevation with a
cell size of 10 m × 10 m. Finally, a grazing intensity index
(GRAZ) for each pasture plot was estimated considering the
average stock density for each type of pasture community,
expressed in livestock units (LU) divided by pasture commu-
nity size, in order to standardise this index between the com-
munities.

A central and recurrent problem in building models of
species distribution is identifying the appropriate scale for
modelling (Wiens 2002). A first possible mismatch can occur
between the ‘resolution’ at which species data were sampled
and the one at which environmental predictors are available
(Guisan and Thuiller 2005). Although climatic variables
were measured using coarse-scale maps, this resolution
should be able to distinguish species and community replace-
ment along a climatic gradient, e.g., montane pastures com-
pared to subalpine pastures, given that these variables are op-
erating at a broad scale.

Data analysis

Prior to analysis, the data on species composition were
Hellinger-transformed to express species abundance as a
square-root-transformed proportionate abundance in each
sampling. Legendre and Gallagher (2001) have shown that
this transformation makes data on species presence-absence
or abundance amenable to linear ordination methods such as
principal component analysis (PCA) or canonical redun-
dancy analysis (RDA). The plant functional traits were log-
10-transformed (Westoby 1998) and standardised to mean
zero and unit standard deviation (Pakeman et al. 2009). 

Given that multicollinearity among explanatory vari-
ables can hamper the identification of the most causal vari-
ables (MacNally 2000), the Pearson correlation matrix was
calculated. In the case of highly correlated variables (r >
0.60), only one of them was used to avoid multicollinearity;
elevation was excluded from the analyses (Appendix 2). For-
ward selection on each set of explanatory variables (climate,
soil, and grazing pressure) was run separately to select those
variables that contributed significantly (P  0.05 after 999
random permutations) to explaining the variation in species
composition and plant traits. To minimise the problems of the
classical forward selection, the double-step procedure pro-
posed by Blanchet et al. (2008) was applied. This procedure
corrects for the overestimation of the proportion of explained
variance by using two stopping criteria: 1) 0.05 significance
level, and 2) adjusted-R2 (Adj-R2) of the global model. Thus,

one runs a multiple regression with all explanatory variables
included and uses the Adj-R2 of this model as another stop-
ping criterion. Only these selected variables were used in
subsequent analyses. The analysis was performed using the
function ‘forward.sel’ in the ‘Packfor’ package in R (avail-
able at https://r-forge.r-project.org/R/?group_id=195). 

Variation partitioning (Borcard et al. 1992), using the es-
timation procedure proposed by Peres-Neto et al. (2006), was
employed for quantifying the proportion of variation in spe-
cies composition and functional traits explained by the vari-
ation in each of the three combinations of explanatory vari-
ables. All the partial regression analyses were tested for
significance with the Monte Carlo permutation test (n = 999).
The total variation was decomposed into seven components:
the pure effect of climate (C), soil (S), and grazing pressure
(G) factors; three first-order joint components (CS, CG,
and SG); and the joint component among the three groups
(CSG). The variation explained was reported in each
model as the adjusted R2 (R2

adj), which takes the number of
predictor variables and sample size into account to prevent
the inflation of R2 values (Peres-Neto et al. 2006). When a
negative R2

adj was obtained, we interpreted it as a zero value
(Peres-Neto et al. 2006), meaning that not all fractions of one
variation partitioning always add up to a perfect 100%. In
interpreting variation partitioning, one must consider that the
amount of explained variability included also reflects the re-
duction of dimensionality (so that we can expect higher val-
ues for single response variables than those for total species
composition) and is also dependent on the number of ex-
planatory variables in the model. The R-language functions
‘varpart’, ‘rda’, and ‘anova.cca’ in the ‘vegan’ library were
used (Oksanen et al. 2008).

After that, redundancy analysis (RDA) diagrams were
used to describe and visualise the relations between explana-
tory variables, species composition, and plant traits across
pasture communities. RDA was carried out using CANOCO
for Windows ver. 4.5 (ter Braak and Šmilauer 2002). All the
explanatory variables recorded were included in the RDA
diagrams to get an overview of the relations. For data on
community composition, it often does not make sense to dis-
play the scores of all species, given that some species are
rare, and no relevant information can be provided about their
ecological preferences, while other species might not be
characterised well by the explanatory variables used in the
analysis (Lepš and Šmilauer 2003). For clarity, ordination
plots are limited to those plant species with a fit range >10%.
The fit range provides a measure for the variance explained
by an individual species (Lepš and Šmilauer 2003).

Results

Species composition

In the regression model of species composition, both the
considered climatic variables (TEM and PREC) were signifi-
cant (Table 2). Almost all the soil variables (pH, P_SOIL,
CAL, ACID, VBAS, and D_SOIL) were significant. The
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analysis selected all the variables of grazing pressure:
SLOPE, DIST, and GRAZ. Soil variables together explained
the greatest amount (over 17%) of the variation of species
composition. Climatic variables accounted for 10.4% of the
species compositional variation, while grazing pressure ac-
counted for 6.8%. 

In the ordination diagram, the first axis accounted for
10.1% of the total variation and separated pasture communi-
ties mainly by temperature and to a lesser extent by grazing
pressure (Fig. 2). Montane pastures located in warmer sites
showed higher grazing pressure than subalpine pastures lo-
cated instead in colder sites. The second axis accounted for
9.4% of the total variation and divided the pasture communi-
ties according to soil fertility (nitrophilous and mesic pas-
tures) and bedrock type – soil pH (calcareous vs. acid pas-
tures). 

In the variation partitioning of species composition, the
total variance explained was 29.4% (Fig. 4a). Soil (14.2%)
showed the most important pure effect, followed by climate
(7.2%), while grazing pressure explained only a small (3.0%)

Table 2. Summary of the significant explanatory variables (cli-
mate, soil and grazing pressure) obtained by forward selection
procedure in the multiple regression models of plant species
composition and functional traits. F= the F statistic; P=the P-
value statistic; R2=coefficient of determination of the variable
selected; Adj-R2=the cumulative adjusted coefficient of deter-
mination of the variable selected; df=degrees of freedom. Vari-
able abbreviations: TEM, mean summer temperature; PREC,
total summer precipitation; pH, soil pH; P_SOIL, Available P
in soil; CAL, calcareous bedrock; ACID, volcanic and meta-
morphic acid bedrock; VBAS, volcanic basic bedrock; MIX,
mixed debris; D_SOIL, soil depth; SLOPE, slope angle; DIST,
distance to the farm centre; GRAZ, grazing intensity.

Figure 2. Redundancy analysis (RDA) diagrams of species
composition occurring in the 105 pasture plots: (a) explanatory
variables and pastures communities, (b) species (only plant spe-
cies with a fit-range above 10% are shown, n=81). Axes 1 and 2
explain 10.1% and 9.4% of the floristic variance, respectively.
Numeric explanatory variables are represented by dotted-line ar-
rows and nominal explanatory variables by triangles. Abbrevia-
tions for communities: NIT, nitrophilous pastures; M_MES,
mountain mesic pastures; S_MES, subalpine mesic pastures;
M_CA, calcareous mountain pastures; S_CA, calcareous subal-
pine pastures; M_AC, acid mountain pastures; S_AC, acid
subalpine pastures. Explanatory variable abbreviations: ACID,
volcanic and metamorphic acid bedrock; CAL, calcareous bed-
rock; D_SOIL, soil depth; DIST, distance to the farm centre;
GRAZ, grazing intensity; MIX, mixed debris; P_SOIL, Avail-
able P in soil; pH, soil pH; PREC, total summer precipitation;
SLOPE, slope angle; TEM, mean summer temperature; VBAS,
volcanic basic bedrock. For abbreviations for species names, see
Appendix 1.
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proportion of it. The share effect of each pair of explanatory
variables was weak (c. 1-2%). 

Plant traits

In the model of plant traits, TEM was the only significant
climatic variable (Table 2). Significant soil variables were
P_SOIL, pH, and MIX. Among the grazing pressures were
selected SLOPE and GRAZ. Soil variables together ex-
plained the greatest amount of the variation (19.7%), as
found in species composition. Climatic variables accounted

for 15.6% of the functional variation, while grazing pressure
accounted for 6.1%. 

In the ordination diagram, the first axis accounted for
23.3% of the total variation and was determined mainly by
temperature, grazing pressure, and bedrock type (Fig. 3).
Plant height and seed mass were positively correlated with
temperature; in addition, seed mass was positively correlated
with calcareous bedrock. Moreover, a reduction of grazing
pressure, due to both environmental constraints (slope) and
lower grazing intensity, tends to favour species with lower
specific leaf area and stature. The second axis captured
17.1% of the total variation and was mainly determined by
soil fertility. Specific leaf area was positively correlated with
soil fertility.

The amount of variation captured by the three groups
was 35.2% (Fig. 4b). Soil (17.8%) and climate (11.3%) alone
explained the largest proportions of the variation. Variation
in grazing pressure was shared with climate (4.2%) and soil
(1.8%). 

Discussion 

Species-environment relationships 

The results show a significant species-climatic gradient.
Along the elevational gradient, temperature plays an impor-
tant role in forming specific communities, separating mon-
tane pastures (Festuco commutatae-Cynosuretum and
Bromion erecti) from subalpine pastures (Poion alpinae,
Seslerio-Caricetum sempervirentis, and Sieversio-Nardetum
strictae). The ordination of species composition shows not

Figure 3. Redundancy analysis (RDA) diagrams of plant traits occurring in the 105 pastures: (a) explanatory variable and plant
traits, (b) pasture communities and plant traits. Axes 1 and 2 explain 23.3% and 17.1% of the plant traits variance, respectively. Nu-
meric explanatory variables are represented by dotted-line arrows, nominal explanatory variables by triangles and plant traits by
solid-line arrows. Abbreviations for communities: NIT, nitrophilous pastures; M_MES, mountain mesic pastures; S_MES, subalpine
mesic pastures; M_CA, calcareous mountain pastures; S_CA, calcareous subalpine pastures; M_AC, acid mountain pastures; S_AC,
acid subalpine pastures. Explanatory variable abbreviations: ACID, volcanic and metamorphic acid bedrock; CAL, calcareous bed-
rock; D_SOIL, soil depth; DIST, distance to the farm centre; GRAZ, grazing intensity; MIX, mixed debris; P_SOIL, Available P in
soil; pH, soil pH; PREC, total summer precipitation; SLOPE, slope angle; TEM, mean summer temperature; VBAS, volcanic basic
bedrock. Plant traits abbreviations: CH, canopy height; SLA, specific leaf area; SM, seed mass.

Figure 4. Results of partitioning variance (adjusted R2 in %)
from climate, soil and grazing pressure sources for (a) species
composition and (b) plant functional traits. Adjusted fractions
of total variation explained (TVE) were estimated following the
procedure of Peres-Neto et al. (2006). 
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only replacement of montane by subalpine species with de-
creasing temperature, but also highlights a gradient of graz-
ing pressure. There is evidence that grazing pressure, due to
both environmental constraints (slope) and lower grazing in-
tensity, tends to decline in subalpine pastures. The results
probably reflect that topographic and soil-related site charac-
teristics determine the spatial distribution of the land use
within the study region, as reported by several studies (White
et al. 2004, Klimek et al. 2007, Tasser et al. 2007, Rudmann-
Maure et al. 2008). Pastures located in colder sites have a
lower economic yield potential, due to a shorter growing sea-
son and more difficulties in management, which can lead to
a lower management pressure. Mottet et al. (2006) in the Py-
renees and Kampmann et al. (2008) in the Swiss Alps have
shown that slope and elevation can be driving forces in deci-
sion making for type of management. 

Models of species composition also show a significant
role of soil fertility. As demonstrated by several authors (e.g.,
Critchley et al. 2002, Marini et al. 2007), phosphorus is a key
soil factor explaining the variation of species composition.
The ordination analysis shows a decreasing trend of soil fer-
tility from nitrophilous pastures > mesic pastures > calcare-
ous and acid pastures. Moreover, variables of bedrock type –
soil pH distinguish communities that occur on acid bedrock
(Homogyno alpinae-Nardetum and Sieversio-Nardetum
strictae) from those on calcareous bedrock (Bromion erecti
and Seslerio-Caricetum sempervirentis).

Trait-environment relationships 

Concerning plant traits, a change in plant size and seed
mass was observed along the temperature gradient. Short size
and prostrate stature are certainly the most prominent char-
acteristics of alpine plants (Körner 1989, Pellissier et al.
2010), and our analysis shows a decreasing trend of plant size
with decreasing temperature. The decrease in plant stature
with altitude represents an adaptation of plants to cold cli-
mates, because by reducing stature and spread, plants can in-
crease the temperature of leaves and soil (Friend and Wood-
ward 1990, Körner 2003). Moreover, the aerial parts of
low-growing plants tend to be insulated from desiccation by
snow cover when the ground is frozen and no water is avail-
able to the roots (Grime 2002). The decline in seed mass with
reduction of temperature may be due to environmentally in-
duced plastic responses to a decline in resource availability
(e.g., lower temperatures at higher elevations may reduce
photosynthetic rates), while the short growing seasons may
reduce the time for seed development and seed provisioning,
thereby reducing mature-seed mass, as reported by several
authors (Baker 1972, Totland and Birks 1996). In addition,
calcareous montane pastures are positively correlated with
seed mass. The positive association between seed mass and
pH was also found by Tautenhahn et al. (2008), who ex-
plained this relation as an adaptive stress response due to
higher competition on alkaline soils. Furthermore, larger
seed mass may act as a buffer against poor environmental
conditions, e.g., lower availability of water (summer precipi-

tation) and nutrients as found in calcareous montane pas-
tures; in addition, the seedlings produced are more capable of
resisting environmental hazards, and reserves are needed for
environmental-resistance mechanisms (Leishman and
Westoby 1994). 

Plants with leaf traits that allow a fast use of nutrients and
growth but for shorter times, like high SLA, were found in
fertile pastures managed more intensively, while the reverse
occurred in pastures with lower fertility and grazing pressure
where conservation of nutrients is arguably more important.
Our results support previous studies (Kahmen and Poschlod
2004, Garnier et al. 2007, Pakeman et al. 2009, Seifan et al.
2010) and confirm the presence of a functional trade-off be-
tween rapid acquisition of resources and conservation of re-
sources in responses to changes in soil fertility and grazing
pressure. 

Our study has indicated that the LHS ecological strategy
could yield relevant information on key aspects of pasture
functioning. The traits selected here, canopy height, specific
leaf area, and seed mass, could be used to capture the func-
tioning of plant species and communities. Our results reveal
that replacement of species along gradients of temperature,
fertility, and grazing pressure occurs concomitantly with
changes in resource use, plant size, and seed mass. The avail-
ability of energy, water, and resources are important compo-
nents in the response of plants to pasture functioning.

Partitioned species-environment and trait-environment
relationships

The variation partitioning approach has allowed a quan-
tification of the relative roles of climatic, soil, and grazing
pressure factors in determining the composition and func-
tional structure of pastures in the Southern Alps. The avail-
ability of environmental energy (temperature), soil fertility
(Olsen P in soil), and bedrock type – soil pH (calcareous vs.
acid bedrock) are the most important factors, among those
tested, that control species and functional composition in
pastures of the Southern Alps. The variation partitioning
shows a low degree of overlap between components of cli-
mate, soil, and grazing pressure, indicating independent en-
vironmental filters that control species distribution and plant
traits. Almost all of the variation is related to the unique ef-
fect of variables of soil (c. 14-18%) and climate (c. 7-11%)
in models of both the species composition and plant traits,
respectively. Our observations are consistent with previous
studies (e.g., Díaz et al. 1998, Vandvik and Birks 2002a,b, de
Bello et al. 2005, Marini et al. 2007, Raatikainen et al. 2007,
Pakeman et al. 2009, Lüth et al. 2010) that have shown a re-
markable filtering effect of soil properties and climate on
species and functional composition of grasslands. However,
the models highlight a weak effect of grazing pressure (3-
0%), mainly related to the shared components with climate
and/or soil (c. 4-6%). The lower independent effect of graz-
ing pressure could be due to two possibilities: (i) the scale at
which grazing pressure was measured is not sensitive enough
for highlighting the relation with floristic composition and
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plant traits, or (ii) grazing is not a variable but a constant in
this system (i.e., to highlight these differences the sampling
should be evaluated between grazed pastures and abandoned
ones). In addition, when habitat filtering becomes the main
limiting factor (i.e., when temperature or soil fertility is low),
grazing pressure is expected to have less of an effect on func-
tional diversity (Díaz et al. 1999). It also has to be kept in
mind that the measured variables of soil chemistry are linked
not only to the natural fertility of the site, but also to inputs
of long-term management (Marini et al. 2007).

Conclusion

By combining ordination analysis and variation parti-
tioning, the present study shows some relationships between
species composition, plant traits, and environmental vari-
ables in pastures of the Italian Alps. The observed patterns of
species and functional composition cannot be attributed to a
single explanation, but rather to a combination of natural and
biotic factors. The analyses highlight the presence of three
main environmental filters that determine the variations of
species composition and plant traits in pastures of the South-
ern Alps: i) temperature, ii) soil fertility, and iii) bedrock type
– soil pH (acid vs. calcareous substrate). These findings con-
firm the importance of taking the effects of climate and re-
source availability into account when describing plant and
community functions of grasslands (Marini et al. 2007, Pake-
man et al. 2009). Further studies considering additional (e.g.,
farm extension, type of grazers) or better predictors, as for
variables of grazing pressure, may therefore be necessary to
improve the models of species composition and plant traits.
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Appendices

Appendix 1. Species composition of the seven main pasture
communities, given as mean of percentage cover for the most
important species.

Appendix 2. Pearson correlations between explanatory vari-
ables.

The file may be downloaded from the web site of the
publisher at www.akademiai.com.
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