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m Many studies have assessed climate change effects on
Alpine vegetation

m Others have focused on grazing management effects

m Combined effects of climate change and grazing
management over long time periods = poorly quantified

- Climate data -2 ‘easy to retrieve’
- Management data -2 difficult to retrieve




Objectives

m The aim of this study was to assess vegetation
changes in Alpine pastures over two decades

m Specific objectives were:

1. To evaluate changes in

m vegetation composition
m plant diversity
m agronomic value

2. To identify the relative contribution of
climate and management drivers to
vegetation dynamics




Study area

m The study was conducted in the Western ltalian
Alps, Piedmont Region

m Five summer pastures were selected across three
protected areas:

- Alpi Marittime Natural Park
- Monviso Natural Park
- Alpi Cozie Natural Park

m The pastures were located in montane to subalpine
belts and were traditionally grazed during summer
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Vegetation data
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SBT retained (cover > 10%)

Vegetation data

* Maeso-eutrophic grassland species (Molinio-Arrhenatheretea)

* Oligotrophic acidophile montane sward (Nardetea strictae)

* Oligotrophic subalpine and alpine basophile sward species

(Carici rupestris—Kobresietea bellardii, Elyno-Seslerietea variae)

» Oligotrophic subalpine and alpine acidophile sward species (Juncetea trifidi)

* Dry grassland species (Festuco-Brometea)

Woodland species
(Carpino-Fagetea sylvaticae, Pyrolo-Pinetea, Quercetea pubescentis, Quercetea
robori-sessiliflorae, Vaccinio-Piceetea excelsae)

Total species cover (SC%) for each SBT

VEGETATION COMMUNITY PLANT DIVERSITY AGRONOMIC VALUE
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Management data

Grazing management was assessed using two complementary indicators

described the overall grazing pressure

Yearly Stocking Rate (SR)

at pasture scale
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Site-use intensity (SUI)
described the local spatial distribution of
grazing pressure at the plot scale
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Climate data

m Climate data were obtained from nearby weather

stations
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m Five agro-climatic indicators were calculated:
ﬂ Mean annual temperature (P)
Total annual precipitation (T)
¢ Precipitation Concentration Index (PCl)
Length of Dry Spell (LDS)
I+ Growing Degree Days (GDD)




1. Have vegetation composition, plant diversity, and forage
pastoral value changed between past and present?

Vegetation composition Plant diversity Forage pastoral value
(Social Behaviour Type cover, %SC)

e Meso-eutrophic grassland species

Y — e Oligotrophic acidophile
montane sward species

e Oligotrophic acidophile sub-alpine —
and alpine sward species ® Species richness e Pastoral Value

e Oligotrophic basophile sub-alpine (number of species) (PV)

and alpine sward species o Effective Number

e Dry grassland species of Species (ENS)
e Woodland species

4

Past (2003) vs Present (2022)

Y = f(survey period)

Linear Mixed Models / Generalized Linear Mixed models (repeated measure)



1. Have ve%etatlon composition, plant diversity, and forage
alue changed between past and present?
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Meso-eutrophic grassland species increased significantly over time

surveys (2003)
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B Recent surveys (2022)
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grassland

Oligotrophic acidophile montane sward species also increased significantly

No significant changes were detected for dry grassland species, subalpine and alpine oligotrophic

species, or woodland species

The low and stable cover of woodland species suggests that continued grazing limited shrub and tree

encroachment



1. Have vegetation composition, plant diversity, and forage
pastoral value changed between past and present?

mmm Historical surveys (2003)

Plant Diversity

mmm Recent surveys (2022)
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» Species richness and Pastoral Value did not significantly change between 2003 and 2022

* The Effective Number of Species (ENS) increased = higher evenness within vegetation communities



2. How have management and climate influenced
vegetation composition and plant diversity?

TARGET VARIABLES

*  SC% Meso-eutrophic grassland species
* SC% Oligotrophic acidophile montane sward species
» Effective Number of Species (ENS)

[ Change between paired surveys (A) ]

Recent value (2022) - Historical value (2003)

']

,
 ASC% Meso-eutrophic grassland species ]

* ASC% Oligotrophic acidophile montane sward species
| AEffective Number of Species (ENS)




z(Temperature)

RESPONSE VARIABLES

Variables and years were

standardized as z-scores

Linear regressions were fitted for

each variable over time.

Linear regression of z(Temperature) on z(Year)

The slope coefficient was used as
the magnitude of change:

e positive values =2 increases

* negative values = decreases

z(T) = by x z(Year) + a ‘

!

Estimated model:

z(T) = 0.62 x z(Year) + a
*
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2. How have management and climate influenced
vegetation composition and plant diversity?
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ALE effect on A SC%

2. How have management and climate influenced
vegetation composition and plant diversity?

A SC% Meso-eutrophic grassland A SC% Oligotrophic acidophile montane sward AENS
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Intermediate Site-Use Intensity promoted the increase of meso-eutrophic and montane oligotrophic
species while maximizing community evenness (ENS).



2. How have management and climate influenced
vegetation composition and plant diversity?

A SC% meso-eutrophic
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Species typical of meso-
eutrophic grasslands
benefited from faster
increases in temperature and
precipitation,

Species typical of montane
oligotrophic swards increased
only under moderate warming
and sufficient water
availability.

ENS increased under a faster
increase in precipitation

dl

Water availability is a key factor

for vegetation dynamics



2. How have management and climate influenced
vegetation composition and plant diversity?
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Warming +

longer growing season
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Conclusions
Meso-eutrophic and montane oligotrophic g
species increased, indicating the upward A Y 4

expansion of lower-elevation species.
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Conclusions
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L A J Effects on vegetation dynamics should be assessed
by considering both drivers together
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Management implications

CLIMATE cannot be directly
controlled

GRAZING MANAGEMENT
represents the main tool to
regulate vegetation dynamics
under climate change

Need to balance site-use
intensity with vegetation and
climate conditions

(e.g. Grazing Management Plans)
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