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Biodiversity hotspots
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Mountain grasslands

Jiménez‐Alfaro, B. et al. (2021). 
Global Ecology and Biogeography, 30, 1101–1115. 
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Beech forests

Jiménez-Alfaro, B. et al. (2018). 
Nature Ecology & Evolution, 2, 483–490. 

The number of plant 
species in European beech 
forests. 

a) Species number (colour 
bars) for whole 
communities. 

b) Species number for 
beech forest plant 
specialists only.

Community species richness was 
interpolated by kriging using 
plots where beech is the 
dominant species. Regional 
species pools were calculated for 
biogeographical regions and 
local species pools for grid cells 
of 1 km2, and then interpolated 
by kriging. All maps are masked 
to the distribution range of beech 
in Europe as provided by 
http://www.euforgen.org.



Primary and ancient forests

Sabatini, F. Et al. (2021). European primary forest database v2.0. Scientific Data, 8(1), 
220. https://doi.org/10.1038/s41597-021-00988-7
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Biogeographical signal

Chiarucci, A. et al. (2019). 
Ecology and Evolution, 9, 11716–11723. 



  

Data Set 
Italian Forest Vegetation

51,529 vegetation plots
ICP-Forest; VPD-Sapienza; AMS-VegBank; HabItAlp 

Museum of Nature South Tyrol Bolzano

18,791 forest vegetation plots
3098 recorded species

444,184 occurrence data of forest 
plant species

Probabilistic Component 
ICP-Forest: 201 sites (804 plots)

Used to quantify the diversity of zonal 
vegetation types

Preferenial Component 
17,987 plots

Used to quantify utilizzati per qualificare la
Used to quantify the diversity of zonal 
azonal and extrazonal vegetation types

Alessi, N. …. Chiarucci, A. (2023). 
Journal of Vegetation Science, jvs.13175



  

Forest
Data Set
24.7 species

Warm Temperate
Forest
25.7 species

Cool Temperate
Forest
23.4 species

Cold Temperate
Forest
26.9 species

Italian forest vegetation: average species composition
Azonal
Forest
20.0 species

National Forest 
Inventory

Plant Data Set Specie esclusive:
Broussonetia papyrifera

Catalpa bignonioides
Cinnamomum camphora

Cryptomeria japonica
Hibiscus syriacus

Larix kaempferi (L. leptolepis)
Lembotropis nigricans
Liriodendron tulipifera

Maclura pomifera
Paulownia tomentosa

Pinus brutia
Pinus pumilio

Platanus hybrida
Populus xcanadensis
Sequoia sempervirens

Yucca aloifolia

Specie esclusive:
Frangula rupestris

Rhamnnus catartica
Salix purpurea
Salix eleagnos

Cotoneaster nebrodensis
Genista aetnensis

Vaccinium uliginosum
Malus florentina

...

Corpo Forestale dello Stato, CREA Unità  di ricerca per il Monitoraggio e la 
Pianificazione Forestale (2005) - Inventario Nazionale delle Foreste e dei 

serbatoi forestali di Carbonio - INFC. www.inventarioforestale.orgAlessi, N. …. Chiarucci, A. (2023). 
Journal of Vegetation Science, jvs.13175



  

Diversity of Italian Forests: zonal and azonal vegetation

Alessi, N. …. Chiarucci, A. (2023). 
Journal of Vegetation Science, jvs.13175



Zannini, P. …. Chiarucci, A. (2022). 
Conservation Science and Practice, 4, 1–13. 



Figure 2 Differences in the 
number of total species (TS), 
non-forest species (NFS) and 
true forest species (TFS) between 
different classes of forest 
successional age (years), given 
separately for the three forest 
types analysed in the Province of 
Siena. A Kruskal–Wallis test 
showed significant differences 
between classes (< 0.01) for all 
diversity measures and forest 
types. The boxplots show median, 
interquartile range and outliers.



22 original plots (years 1934 – 1961)

66 resurveyed plots (2018) 
3 replicates per each original plot

Resurvey of Romagna Forests



Observed decrese of species richness
(especially in herb and shrub layer)

Species richness changes

Lelli, C. …… Chiarucci, A.  (2021). 
Journal of Vegetation Science, 32, e12939.



Ecological indicator values  (Pignatti-Ellenberg)
L = Light
N = Soil nutrients
R = Soil reaction (pH)
T = Temperature
U = Soil moisture

Elev = elevation
Tree_height = Average height of 
tree layer
Tree_coverage = Canopy closure

Beech forests
Chestnut forests
Oak forests Original

Resurvey

Changes in species compositon

Lelli, C. …… Chiarucci, A.  (2021). 
Journal of Vegetation Science, 32, e12939.



Carver et al. (2021). Guiding principles for rewilding. Conservation Biology, October 
2020, cobi.13730. 

Rewilding
A form of ecological restoration with an emphasis on humans stepping 
back and leaving role to natural processes, as opposed to more active 
forms of management. Rewilding efforts aim to create ecosystems 
requiring passive management. 

ONU listed re-wilding as one of the methods needed to achieve massive 
scale restoration of natural ecosystems by 2030. 

Navarro  & Pereira (2012). 
Rewilding Abandoned 
Landscapes in Europe. 
Ecosystems, 15, 900–912.
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Mediterranean Islands

Geographic database:

● 2214 islands > 1ha

● 35 variables

● Geography

● Environment

● Land use

● Public available

https://doi.org/10.48372/98EH-F935

83 % of the islands are very small
(1 ha – 1 km2)

Santi, F., Zannini, P.,…... Chiarucci A., under review. 
MEDIS - A comprehensive database on Mediterranean 
islands for biogeographical and evolutionary research



Active volcanos

A view of the craters of Vulcano and Stromboli
(Photo by A. Chiarucci and J.M. Fernandéz-Palacios)
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Species richness depends on area….

Santi F. … Chiarucci, A. (in prep). 

Island species– area relationship (ISAR) 
for native species in islands >0.01 km2 of 
Mediterranean islands, based on three 
different datasets:

● European Vegetation Archive

● Global Inventory of Floras and Traits

● Global Biodiversity Information Facility

Model fitted on Arrhenius power function 
(S = c A⋅ z); Graphs plotted on a log-log 
scales.

● 738 Islands

● 8556 species
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Island origin controls species richness

Cáceres Polgrossi L., …. Chiarucci A., in press. 
Community Ecology

Contrasting patterns of the c and z parameters of the Arrhenius 
model (S = c A⋅ z) fitted in Mediterranean islands of different geological 
origin. Blue colour is volcanic islands; purple colour is for continental 
islands.
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Comparing volcanic vs. continental archipelagos

Chiarucci A. … Zannini P. (2021). 
Journal of Biogeography, 48, 2919–2931.

Island species– area relationship (ISAR) for 
native species in islands >0.01 km2 of seven 
Mediterranean archipelagos. Models fitted on 
Arrhenius power function (S = c A⋅ z);



21

Gamma and Alpha hotspots



Floras of Tuscan Archipelago1900 vs. 2000
10,892 species x island occurrences

1,831 species in total

1,601 species in 1900

1,541 species in 2000 (-3.7%)

78 alien species in 1900 (4.9%)

181 alien species in 2000  (11.7%)

1,311 species shared 1900 - 2000 
(Sim

Jacc
 = 0.72)
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Species richness depends on area….

Chiarucci A. ……  Simberloff D. (2017). Plant recording across two centuries reveals dramatic changes in species diversity of a 
Mediterranean archipelago. Scientific Reports, 71, 5415.
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… but species composition changes with time

Chiarucci A. ……  Simberloff D. (2017). Plant recording across two centuries reveals dramatic changes in species diversity of a 
Mediterranean archipelago. Scientific Reports, 71, 5415.



Resurvey of small Mediterranean islands

Started on Spring 2024 on 
islands a set of 76 islands 
matching the following 
criteria:

• Size 0.01 - 1 km2

• Vegetation  plots with at 
least 30 years

• Absence of permanent 
human presence

Santi F. … Chiarucci, A. (in prep). 



EU Biodiversity Strategy for 2030





Biodiversity Research on Natura 2000 Network

Breeding birds
495 species

Terrestrial 
vertebrates
842 species

Vascular plants
12-15K species ?

Entire Natura 2000 Network in EU Member 
States 



Plant occurrenCe data in Natura 2000 Network

EU Member 
States

Inside 
Natura 2000 

Network

Outside 
Natura 2000 

Network

Number of plots 769,157 340,445 428,712

Occurrences of native 
species

14.2 Millions 6.1 Millions 8.1 Millions

Number of native 
species

9,642 8,488
(88.0%)

8,837
(86.5%)

Number of Habitats 
Directive species

267 197
(73.8%)

190
(71.2%)

1,223,017 Vegetation plots from 
European Vegetation Archive

http://euroveg.org/



Plant species richness in Natura 2000 Network
Species-area 
relationship for the 
total number of native 
species recorded 
within (in) and outside 
(out) the Natura 2000 
Network per each 
combination of country 
and biogeographical 
region.

Di Musciano, M …. Chiarucci, A. Submitted. Importance of Natura 2000 Network in maintaining European Union's plant 
biodiversity



Plant species richness in/out Natura 2000 Network

Di Musciano et al. Submitted. 
Importance of Natura 2000 Network in maintaining European Union's plant biodiversity

Proportion of plat species 
for each combination of 
country and biogeographical 
region of the EU. 

Green: % of species found 
exclusively inside N2K:

Grey: % of species found 
both inside and outside 
N2K;

Yellow: % of species  foud 
exclusively outside N2K.



In the context of the 10% target in the Biodiversity Strategy, strictly protected areas are 
defined as follows:

“Strictly protected areas are fully and legally protected areas designated to conserve 
and/or restore the integrity of biodiversity-rich natural areas with their underlying 
ecological structure and supporting natural environmental processes. Natural processes 
are therefore left essentially undisturbed from human pressures and threats to the area’s 
overall ecological structure and functioning, independently of whether those pressures 
and threats are located inside or outside the strictly protected area”



Categoria IUCN  Features 

Ia Strict nature 
reserve

Protected areas that are strictly set aside to protect 
biodiversity and also possibly geological features, where 
human visitation, use and impacts are strictly controlled 
and limited to ensure protection of the conservation 
values.

Ib Wilderness area Protected areas that are usually large unmodified or 
slightly modified areas, retaining their natural character 
and influence, without permanent or significant human 
habitation, which are protected and managed so as to 
preserve their natural condition.

II National Park Large natural or near natural areas set aside to protect 
large-scale ecological processes, along with the 
complement of species and ecosystems characteristic of 
the area, which also provide a foundation for 
environmentally and culturally compatible spiritual, 
scientific, educational, recreational and visitor 
opportunities.

Strictly protected areas

Cazzolla Gatti, R., …... Chiarucci, A. (2023). 
Biodiversity and Conservation, 32, 3157–3174. 

“Strictly” Protected Areas in EU 



Strictly protected areas
Coverage of “strictly protected 
areas (IUCN category Ia, Ib and II) 
across EU countries and 
biogeographical regions.

Almost all countries are far from 
the 10% target for most of the 
biogeographic regions they 
occupy

Cazzolla Gatti, R., …... Chiarucci, A. (2023). 
Biodiversity and Conservation, 32, 3157–3174. 



Strictly protected areas

Cazzolla Gatti, R., …... Chiarucci, A. (2023). 
Biodiversity and Conservation, 32, 3157–3174. 



Potential new area for strictly protected areas
Potential area available for 
establishing new “strictly 
protected areas (IUCN category Ia, 
Ib and II) across EU countries and 
biogeographical regions.

In many combinations of country 
by biogeographical region there is 
no land left for the 10% target of 
strict protection

Cazzolla Gatti, R., …... Chiarucci, A. (2023). 
Biodiversity and Conservation, 32, 3157–3174. 



Roadless Areas

Roadless areas in the EU 27
● 42,000 areas (polygons)
● 736,000 km2 (17% of the EU)

● 74% < 10 km2

● 23% 10-100 km2

● 2% 100-1,000 km2

● 39 areas 1,000-10,000 km2

● 2 areas > 10,000 km2

Roadless area in Italy
● 2,250 areas (polygons)
● 34,700 km2 (11% of Italy)

● 78% < 10 km2

● 19% 10-100 km2

● 3% 100-1,000 km2

● 2 areas 1,000-10,000 km2

● 0 areas > 10,000 km2
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Protecting biodiversity treasures
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Outlook

Biogeography

Ecology

Humans
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