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Abstract. The reduction of traditional management practices is a major threat for the
conservation of permanent grasslands in many European marginal areas. The ecological
importance of grasslands is acknowledged by the European Habitats Directive 92/43/EEC (1992)
which includes many natural or semi-natural grassland types, and by the growing attention of
society towards functions and services provided by these ecosystems. Nonetheless, the efficiency
of conservation policies is questioned also for the lack of local-scale information on trends and
state of grasslands hampers the definition of local-tailored schemes. The main objective of this
work is to assess the potential of a set of functional traits in discriminating between different
management intensities and their capacity to describe the dynamics occurring in semi-natural
grasslands. The research was carried out in a hilly area of Tuscany (Italy) on four grassland sites
characterized by similar environmental features (soil, climate, topography), and by different
management practices for 10 or more years. The survey concerned collection and analysis of
different functional traits related to foliar features, litter and botanical composition. The
functional traits were able to differentiate the four sites under different management practices,
but their effectiveness was different. Results support the possibility to perform a rapid appraisal
of grassland successional stages based on leaf functional traits of dominant species and by the
assessment of presence of a reduced number of species among those occurring in the community.

Key words: life forms, leaf dry matter content, leaf nitrogen concentration, litter, specific leaf
area.

INTRODUCTION

Grasslands are one of the most widespread ecosystems at global level which are
represented by many vegetal communities adapted to a range of different environmental
conditions (Dixon et al., 2014). The importance of grasslands is not only related to forage
production (Conant et al., 2016), but also to the provision of a number of other ecosystem
services (Primi et al., 2016) such as protection of vegetal biodiversity (McAllister et al.,
2014; Rossetti et al., 2015), conservation of open space for wildlife (Crosby et al., 2015;
Cervasio et al., 2016), maintenance of areas for touristic activity (Dossche et al., 2016),
and landscape preservation (Argenti et al., 2011; Schmid et al., 2017). Their ecological
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importance is also acknowledged by the European Habitats Directive 92/43/EEC (1992)
which includes many natural or semi-natural grassland types.

In the last decades, complex socio-economic changes have caused the abandonment
of traditional management practices such as mowing or grazing in many European
marginal areas (T6rok et al., 2016). That has triggered significant successional dynamics
of the herbaceous ecosystems (Dengler et al., 2014). Currently, shrub encroachment and
natural reforestation are the main vegetation dynamics which entail negative
consequences on biodiversity and landscape aesthetics in marginal grasslands (Argenti
et al., 2012; Koch et al., 2015; Braunisch et al., 2016). For these reasons, the Common
Agricultural Policy includes measures to encourage the utilization of marginal
environments. However, these measures are not always effective for the conservation of
grassland biodiversity because they are not able to target efficiently the territorial
heterogeneity of mountain areas and they do not strictly focus on the management of
grasslands (Burrascano et al., 2016). Consequently, the availability of local-scale
information on the grassland conditions is necessary to define conservation strategies
able to optimize the efficiency of interventions (Lengyel et al., 2012). Indicators
assessing the structure of plant communities in relation to land use and sensitive enough
to suggest appropriate grassland management may be used to improve the effectiveness
of the agro-environmental programs (Kampmann et al., 2012). However, indicators
usually require specific expertise including an advanced knowledge of species taxonomy
and local context. Indeed, availability of experts and labour costs are acknowledged
among the main hurdles to improve the information base for the policy design (Targetti
et al., 2014). The possibility to improve the availability of local-scale information, on
the other hand, is necessary to enhance the efficiency and legitimation of agri-
environmental schemes (Armsworth et al., 2012; Pe’er et al., 2014).

Functional traits include different plant features, such as morphological,
ecophysiological and reproductive ones (Harrington et al., 2010). Some traits concern
leaf characteristics of dominant species, whereas others are derived from vegetation
composition as growth forms, flowering features or biomass partition (Schweiger et al.,
2017). Relationships among these indicators and environmental and management factors
are well established and -hence- their employment in ecological modeling is suggested
to be potentially useful (Yang et al., 2015). For instance, plant functional traits (PFT)
have been used as a key to link plant communities to ecosystem services and are
considered able to reveal variations in local environmental conditions (Schweiger et al.,
2017). PFT have been also tested in comparative analyses, to underline dynamics related
to disturbance regimes, to assess relations among ecosystems services and management
and to describe successional stages (Liu & Su, 2017). Nonetheless, constraints
concerning data collection have been raised because the collection of functional traits is
very often time-consuming and difficult in particular in marginal areas (Musavi et al.,
2016).

Main questions arising from previous analysis of the state of the art are those
concerning the efficiency of functional traits in explaining vegetation characteristics and
dynamics and in the choice of such traits among a large amount of different possible
alternatives. Trying to answer to these issues, the objective of the present paper is to
assess the potential of a selected set of functional traits to describe the vegetation
dynamics in semi-natural grasslands and to test their capacity of discriminating sites with
different management history. The research was carried out in a hilly area of Tuscany
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(Italy) on semi-natural grasslands characterized by similar environmental features (soil,
climate, topography) and presenting different management intensities (animal stocking
rate) for 10 or more years.

MATERIALS AND METHODS

The case study area is located at an altitude of 700 m asl in Mugello (North
Apennines, Tuscany), a rural region characterized by high presence of semi-natural
grasslands. The survey was carried out in semi-natural grasslands assigned to the
Festuco-Brometea (Br.-bl. et Tuxen) phytosociological class (Ellenberg, 1988). The area
is characterized by mean annual temperature of 11.3 °C, with precipitations concentrated
during autumn and winter. The mean annual rainfall is about 1,000 mm with an annual
potential evapotranspiration of 950 mm. The soil of the study area is classified as silty-
loam with a neutral reaction.

Information collected by means of interviews with local farmers allowed to identify
the most common management practices and the grassland sites where it was possible to
retrieve information on past management of the last ten years. Subsequently,
environmental conditions, ecological characteristics and landscape homogeneity were
considered for the selection of the grassland sites.

Figure 1. Images from the study site grassland plots.

The selection allowed to identify four sites covering a gradient of grazing intensity

(Fig. 1):
— high intensity (site A), mown in spring (usually May) and then grazed with an
average stocking rate higher than 0.65 livestock unit (LU) ha™! yr'! in the last ten years;
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— medium-intensity (site B), stocking rate between 0.45 and 0.65 LU ha! yr'! in
the last ten years, no mowing performed;

— low-intensity (site C), stocking rate between 0.25 and 0.45 LU ha™! yr'! in the
last ten years, no mowing performed;

— abandoned area (site D), where no utilization (grazing or mowing) was
performed in the last 25 years and presenting a vegetation mosaic of grasslands and shrub
species.

A reference period of 10 years featuring the same or very similar pastoral
management practice and stocking rate for each site was considered sufficient to balance
floristic composition and functional characteristics in response to livestock grazing
regime. All the pasture sites were fenced and grazed with horses as horse breeding is an
economic alternative to traditional cattle grazing in the area due to progressive
abandonment of dairy and cattle farming over the last decades (Targetti et al., 2013).

At each site, two permanent plots (25 m x 4 m) were randomly selected in order to
reflect average environmental conditions and to avoid edge effects. To take into account
climatic variability, field sampling covered two years (2006 and 2007) and two growing
seasons (May and September) in each year. Vegetation composition was assessed in each
plot: a permanent transect line (25 m-long) was established and vascular plant species
were recorded every 50 cm according to the point quadrat method (Daget & Poissonet,
1969). Floristic nomenclature of all identified species refers to Pignatti (1982). The
percentage contribution of each species (specific contribution, SC) in the sward was
quantified according to the formula:

sci=—F 100

” ()
SF,

where SF; is the specific frequency of a given species, i.e. the number of times that a
single species is recorded along the transect (Argenti & Lombardi, 2012).

In the present work, we considered three different categories of functional traits:

— leaf functional traits: specific leaf area (SLA), leaf dry matter content (LDMC),
leaf nitrogen content (LNC) (based on field survey);

— vegetation traits: life forms, start and duration of flowering (based on existing
database);

— characteristics of litter layer: dry weight, average weight per area, and density
(based on field survey).

Leaf functional traits (SLA, LDMC, LNC) were investigated on three different
grass species, namely Brachypodium rupestre, Bromus erectus and Festuca gr. rubra
(following Pignatti, 1982) which were the most frequent in the plots (average presence
between 7 and 24% in the four sites) and in agreement with other researches that
emphasized the possibility of functional traits evaluation only on a reduced number of
species among those occurring in the grassland community, particularly if the traits are
weighted (Ansquer et al., 2005). We considered these species as a useful guide for
interpreting the dynamic of the plant communities as response to environmental and
management changes (Grime, 2001). SLA measures the light interception per leaf
biomass unit, and it is often correlated with the potential growth rate of the species.
LDMC is related to the average density of tissue and it is a measure of stress tolerance,
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as it has important consequences for leaf energy and water balance (Cornelissen et al.,
2003). LNC is the total amount of nitrogen per dry leaf mass unit and it is strongly
correlated to the concentrations of leaf nitrogen compounds involved in photosynthesis
(Garnier et al., 2004).

Vegetation samples for SLA, LDMC, and LNC measurements were collected close
to the line transects at 5, 10, 15, 20 and 25 m interval. Specific leaf area and leaf dry
matter content were performed at maximum biomass following a standard protocol
proposed by Garnier et al. (2001). SLA was calculated as the ratio of leaf area to dry
mass and LDMC was calculated as the ratio of leaf dry mass to fresh mass on young and
fully expanded leaves. LNC was determined on 240 samples of dry fully expanded
leaves of each species. For further details, refer to Targetti et al. (2013).

The average weighted values for Leaf Functional Traits (LFT) on the three target
species were calculated as follows:

pi,s
Z pi,s

where wLFT; is the weighted leaf functional trait of species 7 in transect s; p; s is the
relative abundance of species i in transect s; LFT; is the average leaf functional trait of
species i.

Based upon existing database (Pignatti, 1982), functional traits including life forms
(sensu Raunkiaer, 1934), and start and duration of flowering were also assessed. These
traits were selected with the aim to evaluate the performance of easy to measure traits
which were available for a wide range of species and, therefore, transferable to sites with
different species composition (Kahmen & Poschlod, 2008). Raunkiaer’s life forms is an
integrative trait comprising plant species strategies to survive to adverse seasons. We
considered 6 categories of life form: therophytes, geophytes, hemicryptophytes,
chamaephytes, nano-phanerophytes and phanerophytes. Concerning the start and
duration of flowering period, three categories for the trait ‘start of flowering period’
(March or early, April or May, and June or later) and three categories for the trait
‘duration of flowering period’ (1 month or less, between 2 and 3 months and more than
4 months) were considered. The contribution of these traits was assessed for the
complete set of species for each transect. Since these traits are categorical, the
contribution of each trait category was calculated as the sum of the relative contribution
of each species within that category.

The parameters referring to the litter layer were adopted since grazing pressure may
affect plant characteristics primarily via biomass and litter removal (Mapfumo et al.,
2002). Five litter layer heights (cm) were randomly measured in a sampling quadrat
(0.25 m x 0.25 m) and repeated three times for each plot and sampling period. A sample
of the standing phytomass was collected in the same quadrat. Each sample was
transported and dried in laboratory at 60 °C for 48 hours until a steady weight was
reached. Then the samples were weighted to determine dry weight (g), average litter
weight per area (g m>), and density (g m™).

Linear discriminant analysis (LDA) was performed after standardization of data to
assess the effectiveness of the measured functional traits in discriminating the four
studied pasture sites. LDA is a multivariate statistical technique which classifies a set of

wLFT, = ( )x LFTi

)
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variables in terms of their capacity to ‘discriminate’ different groups of observations.
The technique is usually used for dimensionality reduction in data mining and for the
interpretation of the importance of a given set of variables (R Development Core Team,
2012). The general condition of normality of data for the discriminant analysis was
checked using the Shapiro-Wilk test (Shapiro & Wilk, 1965).

RESULTS AND DISCUSSION

The three grass species selected for the measurement of the leaf functional traits
(Brachypodium rupestre, Bromus erectus, and Festuca gr. rubra) were by far the most
frequent in the four plots, except in site B where Arrhenatherum elatius was more
frequent than Festuca gr. rubra. In Fig. 2 the relative frequency, expressed as specific
contribution, and variability of the three selected species in the four different sites is
presented.
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Figure 2. Boxplot charts concerning variability of specific contribution of the three most
common species in the four different sites. Q1: 1% interquartile; Q3: 3™ interquartile.
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Brachypodium rupestre tended to increase its abundance as grazing management
decreased; on the contrary, Bromus erectus displayed an opposite tendency from site A
to C. Festuca gr. rubra showed a more controversial trend between sites with an increase
of its presence under high grazing pressure (site A) and in abandoned plots (site D).

The weighted leaf functional traits did not show a linear relation to management
intensity (Fig.3). The variables wLDMC and wLNC reflected the gradient of
management intensity from site A to site C. All the three PFT highlighted noticeable
differences between sites C and D.
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Figure 3. Boxplot charts concerning variability of the weighted leaf functional traits (WLDMC,
wSLA, wLNC) for the three species in the four different sites. Q1: 1% interquartile; Q3: 3™
interquartile.
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Results show different performances of the considered variables as proxies for
management intensity, and in some cases are consistent with previous studies (e.g.
Martin et al., 2009). In particular, some functional traits seem to have a linear relation
with intensity of management, whereas others highlight a gradient that does not link
clearly to management. Interestingly, variables that could be assessed with a rapid
botanic survey such as the wLDMC and the frequency of Brachypodium rupestre seem
to be effective indicators of management intensity. The use of wLDMC would however
be feasible only if LDMC values for the most frequent species are available as the
contextual collection and measurement of that parameter is not affordable in a day-by-
day assessment. The increase of Brachypodium rupestre and the reduction of Bromus
erectus from site A to site D was the main cause of the highlighted trend of wLDMC.
The behaviour of Festuca gr. rubra was less linear because it reached higher frequencies
at the two management extremes (sites A and D) and a low frequency in sites B and C.
That species has a wide ecological spectrum (Gaucherand et al., 2006) and probably
takes advantage of the heterogeneous ecological conditions in site D. Despite this fact,
wWLDMC calculated on these three species was the parameter recording the highest
coefficient in the linear discriminant analysis (see hereafter) and outlines a relevant
potential as indicator related to management intensity.

The effectiveness of wSLA in differentiating the sites would likely be more evident
when comparing high intensive grasslands with low-input and abandoned grasslands as
reported by Kahmen & Poschlod (2008). Indeed, the relation between disturbance and
higher SLA is more evident in other studies including a wider range of species and
management intensities (Garnier et al., 2007). The oligotrophic character of the four sites
induced to discard species typical of more fertile environments like Lolium multiflorum
or Dactylis glomerata, which are characterized by high values of SLA (Ansquer et al.,
2009). The high SLA value of Brachypodium rupestre has probably had a masking effect
on the wSLA in our plots. Similar results have been presented by Saar et al. (2012) and
Timmermann et al. (2015) where high SLA values in abandoned sites were related to
litter accumulation and the creation of mesic conditions which facilitates tall and high
SLA species, as pointed out also by Giarrizzo et al. (2017).

Raunkiaer life forms highlighted a trend following the management intensity with
a gradual reduction of hemycryptophytes and terophytes from site A to site D, and with
a parallel increase of phanerophytes from site A to site D (Fig. 4). The other life forms
classes evidenced a non-linear relation with the different management intensities.
Geophytes frequency was between 2% in site B and 0.1% in site C, whereas no
geophytes was recorded in site A. Chamaephytes were present in all sites, except site B.
The highest concentration of chamaephytes was recorded in site C and D (8.9 and 5.6%
respectively). The differences of frequency of nano-phanerophytes across the four sites
was not relevant.

As expected, management rate reduction was related with frequency of
chamaephytes (shrub-species) in site C and phanerophytes (woody-species) in site D.
Higher stocking rates and soil disturbance in sites A and B had a clear inhibitive effect
on these life forms due to two main effects: the mechanical effect of large herbivores
trampling and the annual mowing in site A, and the exceptional low grazing selectivity
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which is a typical feature of horses in comparison to cattle (Menard et al., 2002). Eftects
of grazing intensity on different vegetal functional group found in our study are
consistent with previous research conducted in Mediterranean environment
(Papanikolaou et al., 2011).
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Figure 4. Relative frequency of the Raunkiaer biological forms (according to Pignatti, 1982) in
the four different sites. Q1: 1% interquartile; Q3: 3" interquartile.
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Species flowering in April and May were by far the most present in the four sites
(Fig. 5).
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Figure 5. Relative frequency of the start flowering class (according to Pignatti, 1982) in the four
different sites. Q1: 1% interquartile; Q3: 3" interquartile.

Even though a slightly higher frequency of early flowering species was found in

sites A and C, the functional trait related to the starting of flowering period did not show
clear differences between the four surveyed sites and did not seem to be linked with the
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management intensity. The duration of flowering seemed to be more useful as an
indicator to differentiate the management intensity (Fig. 6). The frequency of species
with short duration of flowering period decreased from more intensive to extensive and
abandoned sites. On the contrary, the frequency of species with medium duration of
flowering showed the opposite behaviour increasing from the intensive to the abandoned
site even though the relation was less clear.
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Figure 6. Relative frequency of the duration of flowering class (according to Pignatti, 1982) in
the four different sites. Q1: 1% interquartile; Q3: 3" interquartile.

In our study, functional traits linked with species phenology (start and duration of

flowering) showed a marginal importance in relation with management and this is
consistent with other studies (Farnsworth 2007; Kahmen & Poschlod, 2008; Storkey et
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al., 2013). Nevertheless, duration of flowering revealed an increasing trend of short
flowering duration species from abandoned to high-disturbed sites. Similarly to findings
of Kohler (2001), this suggested an advantage for species able to concentrate the
reproductive period in areas under more severe utilization. On the contrary, delay and
anticipation of flowering did not give any specific trend across the study sites.

The sites A and B recorded the highest values of litter density whereas the dry weight
and thickness was higher in the site D (Fig. 7). Both the dry weight and the thickness
highlighted a clear gradient from the more intensive plots to the abandoned ones.
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Figure 7. Thickness, dry weight, and density of litter layer in the four different sites. Q1: 1%
interquartile; Q3: 3™ interquartile.
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Similarly to other findings (Catorci et al., 2014), land abandonment favoured
oligotrophic species such as Brachypodium rupestre. The litter accumulation in the
abandoned site seems therefore related to the combined effect of the reduced biomass
removal by grazing animals and the higher presence of grass species producing large
amount of litter (Bonanomi et al., 2013).

The linear discriminant analysis (LDA) outlined clearly the difference between the
four plots (Fig. 8).
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Figure 8. Linear discriminant analysis (LDA): position of observations on the first two axes (in
brackets the proportion of variability explained by each axis).

The first axis accounted for more than 90% of variability and outlined the difference
between site A and D. The second axis accounted for a reduced amount of explained
variability (about 7%) but it seemed useful to differentiate within the managed sites
(A, B, and C). By far, the first axis coefficient of wLDMC, wSLA, and the frequency of
Brachypodium rupestre were the highest (Table 1). This result highlights the relevance
of these variables in discriminating the four plots in comparison to the other considered
variables. The coefficients of Brachypodium rupestre and wLDMC were high also in the
second axis, where also the frequency of Festuca gr. rubra and Bromus erectus recorded
the highest coefficients. The coefficients of the other functional trait groups were clearly
lower along all the three axes.

Table 1. Linear discriminant analysis: variables scores on the first three axes

Leaf functional trait/vegetation Axis 1 Axis 2 Axis 3
trait/characteristics of litter layer’ Coefficients of linear discriminants

SC of Brachypodium rupestre 30.43 -81.76 72.09
SC of Bromus erectus 12.89 -47.59 33.02
SC of Festuca gr. rubra 1.48 -47.60 26.08
wLDMC 40.79 74.66 -33.96
wSLA -38.24 24.31 -49.24
WLNC -23.96 4.97 9.52
Chamaephytes -1.52 -5.34 -6.58
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Table I (continued)

Hemicryptophytes -2.11 -9.04 -8.56
Phanerophytes -1.29 -7.07 -6.82
Geophytes 0.06 -2.20 -0.43
Nano-phanerophytes 0.80 -0.45 -1.32
Therophytes -0.88 -3.98 -3.25
Flowering Season A 0.48 -0.04 -0.62
Flowering Season B -0.19 -0.17 0.04
Flowering Season C -0.07 0.42 0.29
Flowering Duration A -0.20 -0.39 0.49
Flowering Duration B 0.06 0.30 -0.13
Flowering Duration C 0.07 -0.07 -0.18
Litter thickness -0.93 2.08 0.53
Litter dry weight 0.32 0.78 1.05
Litter density 1.08 -1.49 0.25

The discriminant analysis supported the interpretation of the results and showed the
effectiveness of the considered parameters in discriminating the four study sites. In
particular, sites B and C were clearly separated from the ‘extreme’ sites (A and D) on the
first axis. This evidence suggested a good attitude of functional traits in the
discrimination of the effect of abandonment in site D from the effect of the
grazing/mowing management in site A. On the contrary, the studied traits were less
effective in the characterization of the different grazing rates between sites B and C. Our
results confirmed the potential of functional traits for the characterization of semi-natural
grasslands as reported in other studies (Cruz et al., 2010).

CONCLUSIONS

In our study, functional traits were able to differentiate the four sites related with
different management practices but they showed different effectiveness. In particular,
results support the possibility to base the assessment of management intensity on a rapid
appraisal consisting on the estimation of the frequency of a reduced set of abundant
species together with the calculation of wLDMC. That involves the need of further
studies to assess the feasibility and validity of such approach to different areas and at
dissimilar scales. In particular, results concerning wWLDMC encourage further
developments for the implementation of the existing database (e.g. TRY database) to be
used in combination with a rapid botanic assessment. This is an important knowledge-
based support for land managers and local decision makers to define arecas where
concentrate the available resources for conservation. Nevertheless, the inclusion of other
sites with different management options like inorganic inputs is particularly required for
understanding the potentialities of the method as an operational tool.

ACKNOWLEDGEMENTS. The authors acknowledge a grant from the Italian Ministry for

University and Research PRIN-2005 ‘Indicators of evolutionary states for oligotrophic grasslands
in Apennine Mountains’.

2192



REFERENCES

Ansquer, P., Cruz, P., Theau, J.P., Lecloux, E. & Duru, M. 2005. How to simplify tools for natural
grassland characterization based on biological measures without losing too much
information? In Milne, J. (ed): Pastoral systems in marginal environments. Wageningen
Academic Publisher, Glasgow, UK, p. 197.

Ansquer, P., Duru, M., Theau, J.P. & Cruz, P. 2009. Convergence in plant traits between species
within grassland communities simplifies their monitoring. Ecol. Indicat. 9, 1020—1029.

Argenti, G., Bottai, L., Chiesi, M., Maselli, F., Stagliano, N. & Targetti, S. 2011. Analisi e
valutazione di pascoli montani attraverso I’integrazione di dati multispettrali e ausiliari. Riv.
Ital. Telerilevamento/Ital. J. Remote Sens. 43, 45-57.

Argenti, G., Cervasio, F. & Ponzetta, M.P. 2012. Control of bracken (Pteridium aquilinum) and
feeding preferences in pastures grazed by wild ungulates in an area of the Northern
Apennines (Italy). /tal. J. Anim. Sci. 11, 336—341.

Argenti, G. & Lombardi, G. 2012. The pasture-type approach for mountain pasture description
and management. [tal. J. Agron7,293-299.

Armsworth, P.R., Acs, S., Dallimer, M., Gaston, K.J., Hanley, N. & Wilson, P. 2012. The cost of
policy simplification in conservation incentive programs. Ecol. Lett. 15,406—414.

Braunisch, V., Patthey, P. & Arlettaz, R. 2016. Where to combat shrub encroachment in alpine
timberline ecosystems: combining remotely-sensed vegetation information with species
habitat modelling. Plos One 11, €0164318.

Bonanomi, G., Incerti, G. & Allegrezza, M. 2103. Assessing the impact of land abandonment,
nitrogen enrichment and fairy-ring fungi on plant diversity of Mediterranean grasslands.
Biodivers. Conserv. 22, 2285-2304.

Burrascano, S., Chytry, M., Kuemmerle, T., Giarrizzo, E., Luyssaert, S., Sabatini, FM. &
Blasi, C. 2016. Current European policies are unlikely to jointly foster carbon sequestration
and protect biodiversity. Biol. Conserv. 201, 370—376.

Catorci, A., Antolini, E., Tardella, FM. & Scocco, P. 2014. Assessment of interaction between
sheep and poorly palatable grass: a key tool for grassland management and restoration.
J. Plant Interact. 9, 112—121.

Cervasio, F., Argenti, G., Genghini, M. & Ponzetta, M.P. 2016. Agronomic methods for mountain
grassland habitat restoration for faunistic purposes in a protected area of the northern
Apennines (Italy). iForest 9, 490—496.

Conant, R.T., Cerri, C.E., Osborne, B.B. & Paustian, K. 2016. Grassland management impacts on
soil carbon stocks: A new synthesis. Global Environ. Change-Human and Policy
Dimensions 23, 240—251.

Cornelissen, J.H.C., Lavorel, S., Garnier, E., Diaz, S., Buchmann, N., Gurvich, D.E., Reich, P.B.,
Steege, H. Ter, Morgan, H.D., Heijden van der, M.G.A., Pausas, J.G. & Poorter, H. 2003.
A handbook of protocols for standardised and easy measurement of plant functional traits
worldwide. Aust. J. Bot. 51, 335-380.

Crosby, A.D., Elmore, R.D., Leslie, D.M. & Will, R.E. 2015. Looking beyond rare species as
umbrella species: Northern Bobwhites (Colinus virginianus) and conservation of grassland
and shrubland birds. Biol. Conserv. 186, 233—-240.

Cruz, P., De Quadros, F.L.F., Theau, J.P., Frizzo, A., Jouany, C., Duru, M. & Carvalho, P.C.F.
2010. Leaf traits as functional descriptors of the intensity of continuous grazing in native
grasslands in the south of Brazil. Rangeland Ecol. Manag. 63, 350—358.

Daget, P. & Poissonet, J. 1969. Analyse phytologique des prairies. Applications agronomiques.
CNRS, CEPE, Document n. 48, Montpellier, France, 67 pp.

Dengler, J., JaniSova, M., Torok, P. & Wellstein, C. 2014. Biodiversity of Palaearctic grasslands:
a synthesis. Agr. Ecosyst. Environ. 182, 1-14.

2193



Dixon, A.P., Faber-Langendoen, D., Josse, C., Morrison, J. & Loucks, C.J. 2014. Distribution
mapping of world grassland types. J. Biogeogr. 41,2003—-2019.

Dossche, R., Rogge, E. & van Eetvelde, V. 2016. Detecting people’s and landscape’s identity in
a changing mountain landscape. An example from the northern Apennines. Landscape Res.
41, 934-949.

EEC. 1992. Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild fauna and flora. Official Journal of the European Union 206, 7-50.

Ellenberg, H. 1988. Vegetation ecology of central Europe. Cambridge University Press,
Cambridge, UK, 731 pp.

Farnsworth, E.J. 2007. Plant life history traits of rare versus frequent plant taxa of sandplains:
implications for research and management trials. Biol. Conserv. 136, 44—52.

Garnier, E., Shipley, B., Roumet, C. & Laurent, G. 2001. A standardized protocol for the
determination of specific leaf area and leaf dry matter content. Funct. Ecol. 15, 688—695.

Garnier, E., Cortez, J., Billes, G., Navas, M.L., Roumet, C., Debussche, M., Laurent, G.,
Blanchard, A., Aubry, D., Bellmann, A., Neill, C. & Toussaint, J.P. 2004. Plant functional
markers capture ecosystem properties during secondary succession. Ecology 85,2630-2637.

Garnier, E., Lavorel, S., Ansquer, P., Castro, H., Cruz, P., Dolezal, J., Eriksson, O., Fortunel, C.,
Freitas, H., Golodets, C., Grigulis, K., Jouany, C., Kazakou, E., Kigel, J., Kleyer, M.,
Lehsten, V., Leps,J., Meier, T., Pakeman, R., Papadimitriou, M., Papanastasis, V.P.,
Quested, H., Quétier, F., Robson, M., Roumet, C., Rusch, G., Skarpe, C., Sternberg, M.,
Theau, J.P., Thebault, A., Vile, D. & Zarovali, M.P. 2007. Assessing the effects of land-use
change on plant traits, communities and ecosystem functioning in grasslands: a standardized
methodology and lessons from an application to 11 European sites. Ann. Bot. 99, 967—-985.

Gaucherand, S., Liancourt, P. & Lavorel, S. 2006. Importance and intensity of competition along
a fertility gradient and across species. J. Veg Sci. 17, 455—464.

Giarrizzo, E., Burrascano, S., Chiti, T., de Bello, F., Leps, J., Zavattero, L. & Blasi, C. 2017. Re-
visiting historical semi-natural grasslands in the Apennines to assess patterns of changes in
species composition and functional traits. Appl. Veg. Sci. 20, 247-258.

Grime, J.P. 2001. Plant Strategies, Vegetation Processes and Ecosystem Properties. Wiley, UK,
417 pp.

Harrington, R., Anton, C., Dawson, T.P., de Bello, F., Feld, C.K., Haslett, J.R., Kluvankova-
Oravska, T., Kontogianni, A., Lavorel, S., Luck, G.W,, Rounsevell, M.D.A.,
Samways, M.J., Settele, J., Skourtos, M., Spangenberg, J.H., Vandewalle, M., Zobel, M. &
Harrison, P.A. 2010. Ecosystem services and biodiversity conservation: concepts and a
glossary. Biodivers. Conserv. 19, 2773-2790.

Kahmen, S. & Poschlod, P. 2008. Effects of grassland management on plant functional trait
composition. Agr. Ecosyst. Environ 128, 137—145.

Kampmann, D., Luescher, A., Konold, W. & Herzog, F. 2012. Agri-environment scheme protects
diversity of mountain grassland species. Land Use Policy. 29, 569-576.

Koch, B., Edwards, P.J., Blanckenhorn, W.U., Walter, T. & Hofer, G. 2015. Shrub encroachment
affects the diversity of plants, butterflies, and grasshoppers on two Swiss subalpine pastures.
Arct. Antarct. Alp. Res. 47, 345-357.

Kohler, B. 2001. Mechanisms and extent of vegetation changes in differently managed limestone
grasslands. PhD Thesis. ETH, Ziirich, 89 pp.

Lengyel, S., Varga, K., Kosztyi, B., Lontay, L., Déri, E., Torok, P. & Tothmérész, B. 2012.
Grassland restoration to conserve landscape-level biodiversity: a synthesis of early results
from a large-scale project. Appl. Veg. Sci. 15,264-276.

Liu, W. & Su, J. 2017. Successional leaf traits of monsoon evergreen broad-leaved forest,
Southwest China. iForest 10, 391-396.

Mapfumo, E., Naeth, M.A., Baron, V.S., Dick, A.C. & Chanasyk, D.S. 2002. Grazing impacts on
litter and roots: perennial versus annual grasses. J. Range Manage 55, 6—22.

2194



Martin, G., Cruz, P., Theau, J.P., Jouany, C., Fleury, P., Granger, S., Faivre, R., Balent, G.,
Lavorel, S. & Duru, M. 2009. A multi-site study to classify semi-natural grassland types.
Agr. Ecosyst. Environ 129, 508-515.

McAllister, M.M., Schooley, R.L., Bestelmeyer, B.T., Coffman, J.M. & Cosentino, B.J. 2014.
Effects of grassland restoration efforts on mound-building ants in the Chihuahuan Desert.
J. Arid Environ 111, 79—83.

Menard, C., Duncan, P., Fleurance, G., Georges, J.Y. & Lila, M. 2002. Comparative foraging and
nutrition of horses and cattle in European wetlands. J. Appl. Ecol. 39, 120—133.

Musavi, T., Migliavacca, M., van de Weg, M.J., Kattge, J., Wohlfahrt, G., van Bodegom, P.M.,
Reichstein, M., Bahn, M., Carrara, A., Domingues, T.F., Gavazzi, M., Gianelle, D.,
Gimeno, C., Granier, A., Gruening, C., Havrankova, K., Herbst, M., Hrynkiw, C.,
Kalhori, A., Kaminski, T., Klumpp, K., Kolari, P., Longdoz, B., Minerbi, S., Montagnani, L.,
Moors, E., Oechel, W.C., Reich, P.B., Rohatyn, S., Rossi, A., Rotenberg, E., Varlagin, A.,
Wilkinson, M., Wirth, C. & Mahecha, M.D. 2016. Potential and limitations of inferring
ecosystem photosynthetic capacity from leaf functional traits. Ecol. Evol. 6, 7352—7366.

Papanikolaou, A.D., Fyllas, N.M., Mazaris, A.D., Dimitrakopoulo, P.G., Kallimanis, A.S. &
Pantis, J.D. 2011. Grazing effects on plant functional group diversity in Mediterranean
shrublands. Biodivers. Conserv. 20, 2831-2843.

Pe'er, G., Dicks, L.V., Visconti, P., Arlettaz, R., Baldi, A., Benton, T.G., Collins, S., Dieterich, M.,
Gregory, R.D., Hartig, F., Henle, K., Hobson, P.R., Kleijn, D., Neumann, R.K., Robijns, T.,
Schmidt, J., Shwartz, A., Sutherland, W.J., Turbé, A., Wulf, F. & Scott, A.V. 2014. EU
agricultural reform fails on biodiversity. Science 344, 1090—1092.

Pignatti, S. 1982. Flora d’Italia. Edagricole, Bologna, 3 voll., 790, 732, 780 pp. (in Italian).

Primi, R., Filibeck, G., Amici, A., Biickle, C., Cancellieri, L., Di Filippo, A., Gentile, C.,
Guglielmino, A., Latini, R., Mancini, L.D., Mensing, S.A., Rossi, C.M., Rossini, F.,
Scoppola, A., Sulli, C., Venanzi, R., Ronchi, B. & Piovesan, G. 2016. From Landsat to
leathoppers: a multidisciplinary approach for sustainable stocking assessment and
ecological monitoring in mountain grasslands. Agr. Ecosyst. Environ 234, 118—133.

R Development Core Team. 2012. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL: http://www.R-project.org/.

Raunkiaer, C. 1934. The Life Forms of Plants and Statistical Plant Geography. In: Carter. H.G.,
Tansley A.G., Fansboll, M. (Eds). Being the Collected Papers of C. Raunkiaer translated
into English, Claredon Press, Oxford, 632 pp.

Rossetti, I., Bagella, S., Cappai, C., Caria, M.C., Lai, R., Roggero, P.P., Martins da Silva, P,,
Sousa, J.P., Querner, P. & Seddaiu, G. 2015. Isolated cork oak trees affect soil properties
and biodiversity in a Mediterranean wooded grassland. Agr. Ecosyst. Environ202,203-216.

Saar, L., Takkis, K., Pairtel, M. & Helm, A. 2012. Which plant traits predict species loss in
calcareous grasslands with extinction? Divers. Distrib. 18, 808—817.

Schmid, B.C, Poschlod, P. & Prentice, H.C. 2017. The contribution of successional grasslands to
the conservation. of semi-natural grasslands species—A landscape perspective. Biol.
Conserv. 206, 112—119.

Schweiger, A.K., Schiitz, M., Risch, A.C., Kneubiihler, M., Haller, R. & Schaepman, M.E. 2017.
How to predict plant functional types using imaging spectroscopy: Linking vegetation
community traits, plant functional types and spectral response. Methods Ecol. Evol. 8, 86—95.

Shapiro, S. & Wilk, M. 1965. An analysis of variance test for normality (complete samples).
Biometrika 52, 591-611.

Storkey, J., Brooks, D., Haughton, A., Hawes, C., Smith, BM. & Holland, J.M. 2013. Using
functional traits to quantify the value of plant communities to invertebrate ecosystem
service providers in arable landscapes. J. Ecol. 101, 38—46.

2195



Targetti, S., Messeri, A, Stagliano, N. & Argenti, G. 2013. Leaf functional traits for the
assessment of succession following management in semi-natural grasslands: a case study in
the North Apennines, Italy. Appl. Veg. Sci. 16, 325-332.

Targetti, S., Herzog, F., Geijzendorffer, I.R., Wolfrum, S., Arndorfer, M., Balazs, K., Choisis, J.P.,
Dennis, P., Eiter, S., Fjellstad, W., Friedel, J.K., Jeanneret, P., Jongman, R.H.G., Kainz, M.,
Luescher, G., Moreno, G., Zanetti, T., Sarthou, J.P., Stoyanova, S., Wiley, D., Paoletti, M.G.
& Viaggi, D. 2014. Estimating the cost of different strategies for measuring farmland
biodiversity: evidence from a Europe-wide field evaluation. Ecol. Indic. 45, 434—443.

Timmermann, A., Damgaard, C., Strandberg, M.T. & Svenning, J.C. 2015. Pervasive early 21st -
century vegetation changes across Danish semi-natural ecosystems: more losers than
winners and a shift towards competitive, tall-growing species. J. Appl. Ecol. 52,21-30.

Torok, P, Holzel, N., van Diggelen, R. & Tischew, S. 2016. Grazing in European open
landscapes: How to reconcile sustainable land management and biodiversity conservation?
Agric. Ecosyst. Environ 234, 1-4.

Yang, Y., Zhu, Q., Peng, C., Wang, H. & Chen, H. 2015. From plant functional types to plant
functional traits: a new paradigm in modelling global vegetation dynamics. Prog. Phys.
Geog. 39, 514-535.

2196



