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Welcome 
The 59th International Congress of the Italian Society for Vegetation Science (SISV) will 
focus on the fundamental role of vegetation science in understanding ecosystem 
functioning and in supporting concrete pathways towards sustainability and ecological 
transition. 

In a context marked by global environmental change, climate instability, and 
biodiversity loss, vegetation science provides essential conceptual and applied tools to 
interpret ecological processes and to design effective strategies for conservation, 
management, and ecosystem restoration. 

Special attention will be devoted to traditional agroecological systems, which are 
increasingly recognised as exemplary models for integrating biodiversity conservation, 
sustainable land-use practices and resilient territorial management. These systems, 
shaped by the long-term coevolution between human societies and local 
environments, represent a natural and cultural heritage of exceptional value and offer 
valuable insights for addressing current challenges related to ecological transition. 

 
 

Organizing committee 
Giuseppe Bazan, Lorenzo Gianguzzi, Riccardo Guarino, Eliana Lombardo, Rosario 
Schicchi, Natale Surano 
 
 

Scientific committee 
Claudia Angiolini, Giuseppe Bazan, Erwin Bergmeier, Daniela Ciccarelli, Panayotis 
Dimopoulos, Romeo Di Pietro, Edy Fantinato, Lorenzo Gianguzzi, Riccardo Guarino, 
Javier Loidi, Corrado Marcenò, Carmelo Maria Musarella, Salvatore Pasta, Rosario 
Schicchi, Francesco Sottile, Daniele Viciani 
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PROGRAMME 
Thursday June 4, 2026  
  
12:00 Sala Lanza - Orto Botanico Registration 
14:00 Opening Ceremony 

MASSIMO MIDIRI – Rector, University of Palermo 
MICHELANGELO GRUTTADAURIA – President, UniPa Heritage 
ROSARIO SCHICCHI – Director, Palermo Botanical Garden 
MAURIZIO CELLURA – President, Center for Sustainability and 
Ecological Transition, University of Palermo 
ANTONIO PALUMBO PICCIONELLO – Director, Department of 
Biological, Chemical and Pharmaceutical Sciences and Technologies 
(STEBICEF) 
ROMEO DI PIETRO – President, Italian Society of Vegetation Science 
(SISV) 

 
14:30 
 
 
 
14:30 
 
 
14:45 
 
 
 
 
15:00 
 
 
 
 
 
 
 
 
 

 
Session 1 - Vegetation patterns, processes and diversity - Part I 
Session dedicated to Professor Sandro Pignatti 
Chairpersons: Rosario Schicchi and Giuseppe Bazan 
 
Guarino R. 
In memory of Professor Sandro Pignatti 
 
Di Pietro R., Fernandez-Gonzalez F., Theurillat J.P., Terzi M. 
Phytosociological nomenclature papers and high-rank syntaxa 
typifications: coenological and biogeographic consequences at 
European scale. 
 
Viciani D., Lonati M., Nota G., Minissale P., Acosta A.T.R., Adorni M., 
Allegrezza M., Angiolini C., Assini S., Bagella S., Bolpagni R., Bonari G., 
Boscutti F., Cannucci S., Casavecchia S., Ciccarelli D., Comunello D., 
Dalle Fratte M., Dell’Olmo L., de Simone L., Del Vecchio S., Di Biase L., Di 
Pietro R., Fanfarillo E., Fiaschi T., Gennai M., Gianguzzi L., Gigante D., 
Labadessa R., Lastrucci L., Lazzaro L., Misuri A., Morabito A., Mugnai M., 
Musarella C.M., Patera G., Pelella E., Pellizzari M., Poponessi S., Prisco I., 
Rivieccio G., Sciandrello S., Selvaggi A., Siccardi E., Spampinato G., 
Stanisci A., Tardella F.M., Tasinazzo S., Tesei G., Trotta G., Valle B., 
Varricchione M., Villani M., Zanatta K., Stinca A. 
An Atlas of Alien-Dominated Vegetation in Italy: Distribution and 
Syntaxonomic Synthesis 
 

  
 
 



8 

15:15 

15:30 

15:45 

Terranova G., Chytrý M., Axmanová I., Angiolini C., Candini F., Ciaramella 
D., Erkelenz J., Bonari G. 
Ecological characterisation of Tetraclinis articulata-dominated 
communities 

Gianguzzi L., Caldarella O.  
Contribution to the characterization of the vegetation of the wetlands 
of Bosco Ficuzza and Rocca Busambra (North-Western Sicily) 

Coffee break 

16:15 

16:15 

16:30 

16:45 

17:00 

17:15 

18:15 

21:00 

Session 1 - Vegetation patterns, processes and diversity - Part II 
Chairpersons: Lorenzo Gianguzzi and Corrado Marcenò  

Marici C., Cambria S., Giusso del Galdo G. 
Forest habitats and communities: where do trees grow in Sicily? 

Gianguzzi L., Cambria S.  
Glacial Relict Vegetation in Sicily: A Phytosociological Survey of the 
Petasites hybridus stands 

Patera G., Barcheri S., Della Torre N., Morotti M. 
Between water and land: syntaxonomy, synecology and dynamics of 
Phragmites australis communities in the Po Plain 

Sciandrello S., Giusso del Galdo G. 
Coastal dune vegetation of the Gulf of Gela (Sicily) 

Poster session 

General Assembly of the SISV members  

Social dinner - Al Magnum (via E. Amari, 62) 
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Friday June 5, 2026 

09:00 

09:00 

09:30 

09:45 

10:00 

10:15 

10:30 

10:45 

11:00 

Session 2 – Traditional agroecological systems: vegetation values, 
management and restoration opportunities  
Chairpersons: Romeo Di Pietro and Francesco Sottile 

KEYNOTE LECTURE 
Bergmeier E. 
Plant diversity associated with farming in the Aegean 

La Bella G., Bopp M., Bürger J., Juárex A., Leclef N., Barkaoui K., Bastin S., 
Bernadas G., Cambecèdes J., Cordeau S., Frelat R., Genty L., Giffard B., 
Martin Lefevre L., Metay A., Metcalfe H., Michelot Antalik A., Ricci B., van 
Mesdag S., Winter S., Fried G., Kazakou E. 
Trait syndromes of plant winners and losers in European 
agroecosystems under long-term agricultural intensification 

Siccardi E., Volanti V. A., Coppi A., Scartazza A., Peruzzi E., Lazzeri V., Sarti 
M., Bretzel F., Doni S., Latilla L., Mattioni M., D’Alò F., Volterrani C., 
Tesfamariam B. G., Gavrichkova O., Lazzaro L. 
Vegetation dynamics and climate resilience in semi-natural 
grasslands: preliminary insights from the CAROLINA project across 
chronosequences and climate manipulation experiments 

Spampinato G., Morabito A., Musarella C.M. 
Chestnut woods in Calabria (Southern Italy) 

Siccardi E., Mugnai M., Lazzaro L., Manetti M.C., Pollastrini M., Bajona E., 
Cambria S., Mascia F., Angiolini C., Terzaghi M., Tomaselli V., Pazienza G., 
Fanfarillo E., Fiaschi T., Picchiotti A., D’Agostino M., Zangari G., 
Maccherini S., Lonati M., Nota G., Ravetto Enri S., Pittarello M., Fois M., 
Cuena Lombraña A., Castangia D., Pezzi G., Landi S., Adorni M., Fenu G., 
Cogoni D., Calderisi G., Boscutti F., Trotta G., Cingano P., Boscarol G., 
Viciani D. 
Effects of management abandonment and tree health on Castanea 
sativa Mill. stands across a latitudinal gradient in Italy. 

Cobo M.C. 
Spatial dynamics of soil and vegetation in the restoration of 
abandoned dry-semiarid Mediterranean agroecosystems 

Guarino R., Bazan G. 
Traditional Agroecological Landscapes as Self-Organised Systems: 
Vegetation Dynamics, Ecological Resilience, and Restoration 
Challenges in Mediterranean Rural Areas

Coffee break 
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11:30 

11:30 

11:45 

12:00 

Session 3 – Habitat conservation: assessment, monitoring and 
trends – Part I 
Chairpersons: Edy Fantinato and Daniela Ciccarelli  

Bagella S., Acosta A., Allegrezza M., Angiolini C., Assini S., Bonari G., 
Buffa G., Caccianiga M., Caria M.C., Farris E., Frattaroli A.R., Gianguzzi L., 
Giusso del Galdo G.P., Malavasi M., Spampinato G., Viciani D., Barcella 
M., Ciaramella D., de Simone L., di Cecco V., Galdenzi D., Gennai M., La 
Mantia A., Lorenzato L., Maneli F., Miraglia G., Morabito A., Pisanu S., 
Rivieccio G., Selvaggi A., Sini A., Sperandii M.G., Tesei G., Bacchetta G., 
Bacilliere G., Bazan G., Bolpagni R., Brancaleoni L., Cannucci S., Castello 
M., Ciaschetti G., Ciccarelli D., Copiz R., Cutini M., D’Agostino M., Dalle 
Fratte M., Denaro A., di Martino L., Fanfarillo E., Fantinato E., Fascetti S., 
Fiaschi T., Filesi L., Foggi B., Forte L., Gerdol R., Guarino R., La Bella G., 
Lasen C., Marcenò C., Mariotti M., Mascia F., Mei G., Merloni N., Morabito 
A., Musarella C.M., Oriolo G., Patera G., Perrino E.V., Petraglia A., 
Petriccione B., Postiglione N., Puglisi M., Sciandrello S., Stanisci A., 
Stinca A., Strumia S., Tomaselli V., Valle B., Venanzoni R., Villani M., 
Zangari G., Angelini P., Carli E., Casella L., Pretto F., Gigante D. 
Enhancing biodiversity reporting under the Habitat directive: the 
Italian framework for the V Cycle 

Bonari G., Bagella S., Candini F., Comunello D., Gigante D., SISV and 
ISPRA members 
A preliminary overview of habitat patterns in Italy 

Gigante D., Copiz R., Blasi C., Canini A., Frattaroli A.R., Gianguzzi L., 
Oriolo G., Spampinato G., Allegrezza M., Bacchetta G., Bagella S., 
Bonacquisti S., Buffa G., Venanzoni R., Zavattero L., Bardi A., Bertani R., 
Oneto F., Sammicheli F., Strazzaboschi L., Turcato C., Adorni M., Agazzi 
G., Amantea D., Antinori T., Armiraglio S., Beccarisi L., Boschi I., 
Brentazzoli F., Briozzo I., Bronzini L., Cameriere P., Casamenti L., 
Ciaschetti G., Conte A., Crisafulli A., Croci G., Curcio E., Dagnino D., Dalle 
Fratte M., Di Cecco V., Di Martino L., Di Renzo A., Fantinato E., Galdenzi 
D., Gargano D., Gesuelli E., Giancola C., Grassi A., La Mantia A., Lipreri E.,  
Lorenzato L., Maestri S., Maneli F., Maniscalco M., Mascia F., Massimi M., 
Merloni N., Merluzzi P., Molducci P., Odasso M., Passalacqua N.G., Patera 
G.T., Pazienza G., Perri G., Perrino E., Pezzuolo L., Robetti G., Rodi E.S.,
Rovito S., Ruggero A., Santostefano B., Solfrini L., Stinca A., Tampucci D.,
Todeschi P., Tomaselli V., Turco A., Viscardi A., Angelini P., Carli E.,
Casella L., Perez M., Pretto F., Picone C., Rigoni P.
A landmark initiative in Annex I habitat monitoring: the Italian
national parks experience

12:15 Ciccarelli D., Napoleone F., Galloni M. 
ANTHOS: a collaborative framework for standardized floral trait data 
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12:30 

12:45 

13:00 

14:00 

14:00 

14:15 

14:30 

14:45 

15:00 

15:15 

La Mantia A., Restuccia V., Virgilio F., Crisafulli A., Cristaudo A., 
Spampinato G., Gianguzzi L., Astrid Natura contributors 
Biodiversity Conservation in Sicily: Conservation Measures on Natura 
2000 Sites of the Protected Regione Siciliana Owned Forest 

Grassi A., Bonini F., Hoffmann N., Lilli E., Di Cecco V., Antonucci A., 
Casavecchia S., Di Martino L., Pauselli M., Gigante D. 
Characterization and Grazing Impact in High-Altitude Habitats of the 
Apennine Chamois (Rupicapra pyrenaica ornata) 

Lunch Caffetteria Talea - Orto Botanico 

Session 3 – Habitat conservation: assessment, monitoring and 
trends – Part II 
Chairpersons: Carmelo M. Musarella and Riccardo Guarino 

Marzialetti F., Arcidiaco L., Brundu G., Costa Suara J.M., Sirca C., 
Trabucco A., Spano D., Mereu S. 
Assessing climate change impacts on Holm oak forest combining 
Copernicus data and high-resolution satellite imagery on 
Mediterranean areas 

Cini E., Perrone M., Acosta A.T.R., Allevato E., Angiolini C., Bagella S., 
Bartak V., Bazan G., Bertacchi A., Brancaleoni L., Buffa G., Calbi M., Caria 
M.C., Ciccarelli D., Cutini M., de Francesco M.C., De Natale A., Del 
Vecchio S., Di Biase L., Fantinato E., Fiaschi T., Gangale C., Gerdol R., 
Gianguzzi L., Laface V.L.A., Maccherini S., Malavasi M., Morabito A., 
Mugnai M., Musarella C.M., Pafumi E., Santangelo A., Sarmati S., 
Sciandrello S., Siccardi E., Spampinato G., Stanisci A., Strumia S., Viciani 
D., Marzialetti F.
Greening signals in Mediterranean dune ecosystems: insights from 
Landsat time series and vegetation resurveys in Italy

Sciandrello S., Giudice E., Scuderi L., Lo Presti V., Giusso del Galdo G. Dune 
restoration and habitat monitoring of the Macconi di Gela 
(southern Sicily)

Caporusso C., Assini S., Tomaselli V. 
From dunes to wetlands: Plant communities along the Ariscianne 
coast (Apulia, Southern Italy) 

Monari D., Minissale P., Cambria S. 
Phytosociological investigations of the Roraima tepui in the Guayana 
Highlands 

Biagioli M., Marcenò C., Gristina A.S., Genduso E., Concezzi L., Diodati D., 
Venanzoni R., Guarino R. 
A habitat-template approach for green infrastructure design in 
Mediterranean urban areas 
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15:30 

16:00 

16:00 

16:15 

16:30 

16:45 

17:00 

17:15 

17:30 

17:45 

18:30 

Coffee break 

Session 4 – Free session 
Chairpersons: Daniele Viciani and Salvatore Pasta 

Malavasi M., Maccioni A., Bagella S., Marignani M., Tillocca B., Lupinu G., 
Bartak V., Farris E. 
Charting Traditional Ecological Knowledge in Sardinia (Italy) via Plant 
Vernacular Names and Etymology 

Vincent B. 
A rebel alliance? The relationship between association and alliance in 
phytosociology theory from the point of view of linguistics 

Preo S.M., Zendri E., Gnemmi M., Cairoli A., Buffa G., Della Bella A., 
Fantinato E. 
An indicator-based protocol for urban green infrastructure: assessing 
ecological networks to prioritize management strategies 

Candini F., Bonafede F., Vignodelli M., Sabatini F.M. 
Thirty years of natural succession in a restored urban green area, 
Bologna, Italy 

La Scala S., Di Leto Y., Scirè Calabrisotto L., Cosimi G., Carpintieri D., 
Badalamenti E., Gandolfi I., Federici E., Gallo G., Catania V., Quatrini P. 
Harnessing Mediterranean plant–microbiota systems for 
antipollution noise barriers

Bazan G., Zuzolo D., Geraci A., Prigioniero A., Sgadari F., Tartaglia M., 
Guarino C., Schicchi R. 
Landscape fragmentation and floristic diversity in Chamaerops 
humilis communities of Sicily and Sardinia 

Porrovecchio M., Cambria S., Bacilliere G., Puglisi M., Minissale P. 
The diversity of plant communities in agriphotovoltaic systems in 
Sicily 

Closing ceremony 

Scientific guided tour of the Botanical Garden of Palermo 
Led by Prof. Rosario Schicchi, Director of the Botanical Garden. 
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Saturday June 6, 2026  

 
08:30 FIELD TRIP – Flora and vegetation of the Parco della Favorita and 

the cliffs of Monte Pellegrino (Palermo) 
Led by Lorenzo Gianguzzi, Department of SAAF, University of Palermo 
Meeting point, Via del Fante angolo Viale Rocca, Palermo. 
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Oral communication 
 
 
Session 1 - Vegetation patterns, processes and 
diversity 
Session dedicated to Professor Sandro Pignatti 
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IN MEMORY OF SANDRO PIGNATTI 

 
Guarino R.1 

1 Department of Biological, Chemical and Pharmaceutical Sciences and Technologies (STEBICEF), University of Palermo, 90123 
Palermo (Italy) 
 
 

Sandro Pignatti was one of the most influential figures in Italian and European vegetation science. 
His scientific career, spanning more than seven decades, accompanied and shaped the development of 
phytosociology, plant taxonomy, vegetation mapping, ecological data analysis, and environmental 
thought in Italy. From his early encounter with Valerio Giacomini and the Braun-Blanquet school to 
the foundation of the “School of Trieste”, from his pioneering studies on Mediterranean vegetation 
and vegetation complexes to the monumental Flora d’Italia, Pignatti constantly sought to understand 
the order, diversity, and meaning of plant life. 

Yet his legacy cannot be reduced to methods, classifications, or floristic syntheses. Sandro Pignatti 
was also a profound thinker, able to connect scientific rigor with philosophical reflection and ethical 
responsibility. His view of nature was deeply relational: vegetation was not merely an object to be 
described, but a living expression of interdependence among species, soils, landscapes, and human 
societies. His reflections on humus, ecological complexity, micro-relevés, and environmental ethics 
anticipated many contemporary debates on ecosystem functioning, sustainability, and the limits of 
reductionist approaches. 

This commemoration aims to recall both the scientist and the person: the scholar who helped build 
the foundations of modern vegetation science in Italy, and the mentor whose intellectual humility, 
curiosity, and generosity inspired generations of botanists. Remembering Sandro Pignatti today means 
not only honoring a remarkable scientific life, but also renewing his invitation to observe nature with 
attention, humility, and responsibility. In a time of ecological transition, his legacy reminds us that 
vegetation science is not only a discipline of description and classification, but also a way of 
understanding our place within the biosphere. 
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PHYTOSOCIOLOGICAL NOMENCLATURE PAPERS AND HIGH-RANK SYNTAXA 
TYPIFICATIONS; COENOLOGICAL AND BIOGEOGRAPHIC CONSEQUENCES AT 

EUROPEAN SCALE 
 

Di Pietro R.1, 2, Fernandez-Gonzalez F.3, Theurillat J.P.4-5, Terzi M.6 

1 Department of Planning, Design and Architecture Technology, Section of Environment and Landscape, Sapienza University of Rome, 
Via Flaminia 72, Roma I-00198, Italy  

2 National Biodiversity Future Center (NBFC), Piazza Marina 61, 90133 Palermo (Italy). 
3 Institute of Environmental Sciences (ICAM), University of Castilla-La Mancha, Avenida Carlos III, Toledo E-45071, Spain 
4 Centre Alpien de Phytogéographie, Fondation du Jardin botanique Flore-Alpe, Case postale 71, Champex-Lac CH-1938, Switzerland 
5 Department of Plant Sciences, Section of Biology, University of Geneva, Case postale 71, Chambésy CH-1938, Switzerland 
6 Institute of Bioscience and Bioresources, National Research Council (CNR), Via Amendola 165/a, Bari I-70126, Italy 
 
Presenting author: Romeo Di Pietro, romeo.dipietro@uniroma1.it 
 
Keywords: EuroVegChecklist, ICPN, Syntaxonomy, Festuco-Brometea, Lygeo-Stipetea, Quercetea 
pubescentis, Stipo-Trachynietea  
 

Accurate nomenclature is the foundation of any scientific discipline. The Prodrome of the Italian 
Vegetation [1] and the EuroVegChecklist (EVC) [2] serve as syntaxonomic and nomenclatural 
references for classifying Italian and European vegetation, respectively. The EVC is subject to periodic 
changes for nomenclature based on verified proposals. Proposals for new syntaxa are examined on a 
case-by-case basis by specific expert committees, whose decisions are put to vote by the EVC 
Committee. Although phytosociological nomenclature is often considered technical, formal, and rather 
tedious, its rigorous application is essential to establish a common language. Using names precisely 
allows concepts to be applied consistently, hypotheses to be correctly formulated and tested, research 
findings to be disseminated, and clear communication to be ensured within the scientific community. 
In phytosociology, precise nomenclature is essential for guiding future updates to the EVC, as a valid 
name is always associated with an original diagnosis and a type. The effectiveness of certain European 
official documents based on scientific data (for example, the interpretation manual for the Habitats 
Directive) - or the confusion they may cause - may depend on the extent to which updates to the 
nomenclature of diagnostic syntaxa are incorporated into them. This study will demonstrate how 
nomenclatural choices regarding the typifications of lower level syntaxa can have a significant impact 
on the syntaxonomic structure and biogeographical distribution of higher level syntaxa. The classes in 
question are Festuco-Brometea, Stipo-Trachynietea, Lygeo-Stipetea, and Quercetea pubescentis. In 
some cases (e.g., Melittio-Quercion frainetto), substitution of the nomenclatural type is automatic, 
resulting from the application of the priority principle (ICPN). In other situations, the choice of the 
type-alliance (Festucion valesiacae vs. Festucion sulcatae or Stipion lessingianae) simply leads to a 
shift (albeit significant) in the center of gravity of the related order (Festucetalia valesiacae). Finally, 
there are more complex nomenclatural issues (for example, Stipion retortae) where the choice of the 
type-association, or even the choice of its type relevé, involves difficult decisions with a significant 
degree of subjectivity. Selecting one option over another can result in an entirely different coenological 
interpretation of related alliances, orders and classes. This is why these choices sometimes require the 
use of conserved names or conserved names with a conserved type to ensure consistency with widely 
used and well-established syntaxonomic frameworks. 
 
1) Biondi E., Blasi C., Allegrezza M., Anzellotti I., et al., 2014. Plant communities of Italy: the vegetation prodrome. Plant 

Biosyst. 148(4): 728–814. 
2) Mucina L., Bültmann H., Dierßen K., Theurillat J.P., et al., 2016. Vegetation of Europe: hierarchical floristic 

classification system of vascular plant, bryophyte, lichen, and algal communities. Appl. Veg. Sci. 19(S1):3–264  
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Biological invasions are an increasingly significant global phenomenon resulting from direct and 
indirect human-induced environmental changes. The establishment and spread of alien species, 
particularly invasive ones, influences multiple ecosystem processes, functions and services, including 
community composition and biotic interactions. This causes a general deterioration of plant 
communities. While our understanding of the distribution of alien plant species in Italy has advanced 
considerably in recent years, relatively few studies have examined plant communities that are 
dominated or co-dominated by alien species. In 2020, a literature-based checklist of these vegetation 
types in Italy was published, providing a largely complete syntaxonomic framework, albeit without 
georeferencing community data across the territory. 

In order to address this issue, the Italian Society of Vegetation Science (SISV) launched a mapping 
project, which was open to its members and any other scholars interested in the topic. The project had 
two objectives: (i) to update and critically revise the syntaxonomy of vegetation types dominated or 
co-dominated by alien species in 2020 and (ii) to produce the first georeferenced distribution maps of 
these communities in Italy. Data were derived from an extensive literature review and a critical 
reassessment of bibliographic sources. 

To date, the database includes over 1,500 georeferenced data points drawn from more than 160 
bibliographic references. Following the update, the resulting syntaxonomic scheme includes 30 classes 
and 294 community types that are either dominated or co-dominated by alien plants. Of these, 274 
have georeferenced location data. This work provides a synthesis of cartographic data on the 
distribution of plant communities dominated or co-dominated by alien species in Italy for the first time. 
This is essential for providing the basic knowledge required to assess and monitor the impact of alien 
species on vegetation types and related habitats. While the data are certainly incomplete, they are the 
result of a bibliographic search involving many specialists in the field and considering much of the 
available literature. The data are well suited to being integrated with information from additional 
literature that was not previously considered or that will become available in the future (see, for 
example, the SISV project on this topic at https://ved.arphahub.com/topical_collection/287). This 
could eventually lead to the creation of a specific database on alien-dominated plant communities in 
Italy. Augmented by new data, this database could provide scientific information and guidance for 
developing monitoring strategies and conservation actions to protect native biodiversity. 
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The Barbary Thuja (Tetraclinis articulata) is a resinous, thermo-xerophilous tree endemic to the 
south-western Mediterranean basin. It exhibits a Euro-Mediterranean range, with core populations 
located in North-West Africa (Morocco, Algeria, and Tunisia) and smaller relict populations in south-
eastern Spain and Malta. Given its biogeographical significance and threatened status, a 
comprehensive characterisation of the communities dominated by this species is needed to understand 
its ecological niche fully and plan effective conservation measures. This study aims to describe the 
floristic composition and ecological drivers of T. articulata-dominated communities across their entire 
distribution range. 

We compiled a comprehensive dataset of 2,030 vegetation relevés derived from 18 published papers 
and 6 PhD theses, standardising the taxonomic nomenclature according to the Euro+Med PlantBase. 
To ensure a robust analysis of communities specifically dominated by this species, we applied 
systematic data cleaning steps. We retained only relevés with a Tetraclinis cover ≥ 13% (corresponding 
to Braun-Blanquet class 2) and excluded plots where other tree species exerted higher cover values. 
The final dataset included 654 relevés and 285 taxa. 

Using Partitioning Around Medoids (PAM) clustering based on Bray-Curtis dissimilarity and 
validated through the Average Silhouette Width, we identified four distinct vegetation groups 
reflecting different ecological conditions. These were characterised by Indicator Species Analysis as: 
(1) widespread, thermophilic, semi-arid open woodlands degraded by grazing, defined by a high 
frequency of therophytes (e.g., Valerianella discoidea) and woody species such as Olea europaea and 
Phillyrea latifolia; (2) mesic, dense Mediterranean maquis distributed along coastal areas at lower 
elevations, indicated by Ampelodesmos mauritanicus, Quercus coccifera, and Pinus halepensis; (3) 
semi-arid continental steppes found at higher elevations, dominated by Macrochloa tenacissima; and 
(4) warm, xerophilic garrigues distinguished by Thymus saturejoides and Lavandula dentata. 
Furthermore, Principal Coordinate Analysis (PCoA) demonstrated that the floristic differentiation 
among these communities is primarily driven by gradients of moisture and continentality, as well as 
canopy cover patterns. 

These findings highlight the adaptability of the species across different environmental gradients, 
ranging from coastal mesic sites to inland continental steppes. This study will contribute to a better 
understanding of the ecology of T. articulata-dominated communities and support their conservation 
in the Mediterranean region. 
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Mediterranean wetlands play an important role in the landscape, supporting distinctive habitats 
characterized by high ecological diversity and remarkable productivity. However, these ecosystems 
are fragile and severely threatened by excessive human exploitation and the impacts of climate change, 
particularly in southern regions and island areas, such as Sicily. This contribution reviews the hygro-
hydrophilous vegetation of the humid places of the Bosco Ficuzza and Rocca Busambra area (inland 
hilly belt of North-Western Sicily), where approximately one hundred small water bodies have been 
monitored. These are mainly used for anthropogenic purposes (livestock or agricultural use), but they 
also hold significant floristic, phytocoenotic, and naturalistic value. These lentic freshwater habitats 
lie on the clay substrates of the Numidian Flysch that characterizes the low-lying areas of the Ficuzza 
territory and are locally known as “gurghi”/“vurghi” (natural permanent or semi-permanent ponds), 
“fossi” (excavated or enlarged basins, also semi-permanent), and “margi”/“margiazzi” (temporary 
wetlands with water stagnation limited to the winter–spring season). The vegetation is still partly 
poorly known, as it consists of communities linked to small, difficult-to-map surfaces that are often 
overlooked in broader-scale landscape studies. The aim of this research, conducted over several years 
[1, 2, 3, 4], is to deepen the floristic and phytosociological knowledge of the different plant 
communities, considering their typical microzonation into concentric or sometimes mosaic patterns 
within the same ecosystems. This results in a rich and articulated phytocoenotic diversity, partly 
referable to habitat types of the Habitats Directive (92/43/EEC), such as the priority habitat 3170* 
(Mediterranean temporary ponds), represented by communities linked to early soil desiccation and 
dominated by small-sized species with ephemeral late winter–spring phenology. Other communities 
are associated with semi-permanent or permanent ponds, partly attributable to habitat 3150 (Natural 
eutrophic lakes with Magnopotamion or Hydrocharition vegetation). Overall, more than 400 
phytosociological relevés were carried out using the Braun-Blanquet method, leading to the 
classification of 42 vegetation types belonging to the classes Lemnetea (3 communities), 
Potamogetonetea (6), Isoeto-Nanojuncetea (7), Phragmito-Magnocaricetea (17), Molinio-
Arrhenatheretea (8) and Rhamno-Prunetea (1). 
 
1) Caldarella O., 2014. Censimento degli ambienti lentici e note distributive sulla flora idro-igrofitica nell’area di Bosco 

Ficuzza (Sicilia occidentale). Naturalista sicil. 38(2): 193–244. 
2) Caldarella O., Gianguzzi L., 2018. Indagine sulla vegetazione degli ambienti umidi della Riserva Naturale Bosco della 

Ficuzza (Sicilia occidentale). Atti 52° Congresso SISV. Catania, 5-7 aprile 2018. 
3) Caldarella O., Lastrucci L., Bolpagni R., Gianguzzi L., 2021. Contribution to the knowledge of Mediterranean wetland 

vegetation: Lemnetea and Potamogetonetea classes in Western Sicily. Plant Sociol. 58: 107–131. 
4) Gianguzzi L., Caldarella O., Sciandrello S., 2024. The Natural Vegetation of Residual Wetlands in the Hinterland of 

Western Sicily (Italy). Land. 13(12): 2009.   
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Forest habitats and tree species are of great importance, not only because of the remarkable 
biodiversity they sustain and support, but also due to the fundamental role they play in regulating the 
Earth’s climate and maintaining biogeochemical cycles. These ecosystems contribute significantly to 
carbon sequestration, influence water cycles, and help stabilize environmental conditions, thereby 
providing essential ecological services at both local and global scales. Indeed, approximately 56% of 
global biomass is represented by trees [1], with a total of approximately 60,000 species, equivalent to 
20% of all vascular plants recorded worldwide [2]. Sicily maintains a high level of tree species 
richness, making it the island region with the greatest richness of native trees in Mediterranean Europe 
[3]. The aim of this study is to develop a comprehensive phytosociological framework for the tree 
species of Sicily, through the identification and analysis of the plant communities—at the level of 
class, order, alliance, and, where possible, association—within which each species occurs. In parallel, 
the study also examines the distribution of tree species across habitat types defined in accordance with 
the European Interpretation Manual of Habitats under the EU Habitats Directive classification. This 
dual approach allows for a more complete ecological characterization of Sicilian tree taxa by 
integrating phytosociological and habitat-based perspectives. The selection of tree species was 
restricted to native phanerophytes exhibiting a growth habit reaching at least 3–4 m in height, in order 
to ensure a consistent and ecologically meaningful dataset focused on true woody arboreal 
components. The phytosociological characterization of the different taxa was obtained through an 
integrated approach combining original field surveys with an extensive review of existing literature 
data. The richness of Sicilian tree species identified in this study, amounting to 98 taxa, is clearly 
reflected in the remarkable diversity of habitats they occupy. This pattern highlights how the arboreal 
flora of Sicily is distributed across a wide range of ecological conditions and plant communities, from 
highly specialized and restricted environments to more widespread and ecologically versatile settings, 
underscoring the strong link between species diversity and habitat heterogeneity on the island. In 
particular, some tree species such as Acer campestre L., Fraxinus ornus L. and Quercus virgiliana 
(Ten.) Ten. show broad adaptability to different plant communities and habitats, whereas other species 
display a closer association with specific syntaxa and habitats, such as Acer obtusatum Waldst. & Kit. 
ex Willd, Alnus glutinosa (L.) Gaertner and Tilia platyphyllos Scop. Therefore, this study provides 
data of considerable scientific interest, as it highlights how tree species diversity is distributed across 
plant communities and habitats, and it also has applied value, offering useful information for those 
involved in conservation, ecological restoration, environmental planning, and related fields. 
 
1) Bar-On Y.M., Phillips R., Milo R., 2018. The biomass distribution on Earth. Proceedings of the National Academy of 

Sciences of the United States of America, 115(25): 6506-6511. 
2) Beech E., Rivers M., Oldfield S., Smith P.P., 2017. GlobalTreeSearch: the first complete global database of tree species 

and country distributions. Journal of Sustainable Forestry, 36(5): 454–489.  
3) Médail F., Monnet A.C., Pavon D., Nikolic T., Dimopoulos P., Bacchetta G., Arroyo J., Barina Z., Cheikh Albassatneh 

M., Domina G., Fady B., Matevski V., Mifsud S., Leriche A., 2019. What is a tree in the Mediterranean Basin hotspot? 
A critical analysis. Forest Ecosystems, 6, 17. 
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The mountain ranges of northern Sicily are characterized by the persistence of communities shaped 
by species that arrived during the late glacial period, located at the southern limit of their respective 
distribution ranges. This is the case for several forest species [Fagus sylvatica L., Quercus cerris L., 
Acer pseudoplatanus L., Ulmus glabra Huds., etc.], as well as for herbaceous species such as Petasites 
hybridus (L.) G. Gaertn., B. Mey. & Scherb. subsp. hybridus, which is the subject of this contribution. 
This species is a rhizomatous herbaceous plant belonging to the Asteraceae family, with a Eurasian 
distribution, and is fairly common in Italy—especially in the Alpine and northern Apennine regions—
becoming increasingly rare toward the south, although three relict populations occur in Sicily. One of 
these is located on the southern slope of the Peloritani Mountains [1], along a confined stretch of the 
Roccella Stream (720 m a.s.l.), while the other two are found on the Tyrrhenian slope of the Nebrodi 
Mountains [2], about 25 kilometers away from the former. These latter sites both fall within the basin 
of the Zappulla River: the first in the Liazzo Stream (Longi, Messina, 820 m a.s.l.)—consisting of very 
few individuals—and the other in the Fiumetto Stream (Galati Mamertino, Messina), with a larger, 
though localized, population. The species, reaching a height of 1–1.2 m, forms hygrophilous and 
sciaphilous-nitrophilous vegetation linked to hydromorphic and nutrient-rich soils, particularly near 
springs and along watercourses. 

From a phytosociological perspective, communities dominated by Petasites hybridus have been 
studied across various regions of Europe and have been attributed to several different classes [3], such 
as Mulgedio alpini-Aconitetea variegati Hadač & Klika in Klika & Hadač 1944, Galio aparines-
Urticetea dioicae Passarge ex Kopecký 1969 and Epilobietea angustifolii Tüxen & Preising ex Von 
Rochow 1951. Our investigations on this type of vegetation in the Sicilian relict stands have allowed 
for a phytosociological characterization within the alliance Caricion remotae Kästner 1941 (Circaeo-
Stachyetalia sylvaticae Passarge 1967 ord. and Epilobietea angustifolii class). This syntaxon includes 
a few other highly specialized communities in Sicily, such as the Petagnaetum saniculifoliae Brullo & 
Grillo 1978, another interesting endemic association that, in the Nebrodi sites, occurs in close catenal 
contact. However, the P. hybridus community preferentially occupies the more open sections of 
watercourses, where soil and organic matter are more abundant. From a floristic point of view, this 
community is characterized by other interesting hygrophilous, northern-oriented species rare in Sicily, 
such as Cardamine dubia Nicotra, Rhynchocorys elephas (L.) Griseb., Lysimachia nemorum L., etc. 
This community can be referred to habitat 6430 (Hydrophilous tall herb fringe communities of plains 
and of the montane to alpine levels), which is highly threatened in Sicily by water abstraction, 
surrounding agricultural practices and climate change. 
 
1) Arcidiacono S., Giardina G., 2000. Petasites hybridus (L.) Gaertn. & al., nuovo e probabilmente autoctono per la Flora 

della Sicilia. Informatore Botanico Italiano, 32(1‐3): 37‐39. 
2) Gianguzzi L., Caldarella O., D’Amico A., Migliore S., 2021. Nuovi dati sulla distribuzione e l’ecologia di Petasites 

hybridus subsp. hybridus (Asteraceae) in Sicilia. Notiziario della Società Botanica Italiana, 5: 23-24. 
3) Nazarov M., Velev N., Mardari C., Grigorov B., Georgiev S., Genova B., Vassilev K., 2022. Syntaxonomy and ecology 

of Petasites albus, P. hybridus and P. kablikianus phytocoenoses in Bulgaria and Romania. Proceedings of the 
Bulgarian Academy of Sciences, 75(1): 43-55.  



 

 

25 

BETWEEN WATER AND LAND: SYNTAXONOMY, SYNECOLOGY AND DYNAMICS OF 
PHRAGMITES AUSTRALIS COMMUNITIES IN THE PO PLAIN 

 
Patera G.1, 2, Barcheri S.1, Della Torre N.1, Morotti M.1 

1 “Torbiere del Sebino” Nature Reserve. Via Europa 5, 25050 Provaglio d’Iseo (Italy) 
2 Studio Fagus. Via San Giuseppe 36, 20863 Concorezzo (Italy) 
 
 
Presenting author: Glauco Patera, g.patera@studiofagus.it 
 
Keywords: reed beds, wetland vegetation, Phragmito-Magnocaricetea, vegetation dynamics, phytosociology 
 

Reedbeds dominated by Phragmites australis represent one of the most widespread and structurally 
dominant vegetation types in temperate wetlands; however, they may display considerable internal 
differentiation in floristic composition and ecological conditions, reflecting variations in hydrological 
regime and microhabitat [1]. This study investigates the syntaxonomy, synecology and dynamic 
relationships of P. australi communities within the “Torbiere del Sebino” Nature Reserve, ZSC/ZPS 
IT2070020 and Ramsar site (Lombardy, Northern Italy). 

Eighty phytosociological relevés (4 m² plots) were carried out in July 2025 in stands with 
Phragmites australis cover >25%, following the Braun-Blanquet approach [2]. Environmental 
parameters (water depth and litter thickness) were quantitatively measured. Multivariate analyses 
(cluster analysis, PERMANOVA, PCA) and the phi coefficient [3] were applied to identify floristically 
coherent groups and interpret their ecological differentiation.  

Three statistically distinct vegetation units were identified: Phragmitetum australis Savič 1926, 
Thelypterido palustris-Phragmitetum australis Kuiper ex van Donselaar et al. 1961, and Caricetum 
elatae phragmitetosum australis Gerdol 1988. These communities belong to different alliances of the 
class Phragmito-Magnocaricetea and are structured along hydrological and substrate-related gradients 
[4]. The Thelypterido palustris-Phragmitetum australi develops under shallower water conditions and 
exhibits significantly higher litter accumulation and floristic richness, representing a rare and 
structurally complex mesotrophic reed bed type. The Phragmitetum australis, although occurring 
across a range of ecological conditions, is generally associated with deeper and more stable flooding 
regimes and predominantly mineral substrates, forming extensive and structurally homogeneous 
stands. The Caricetum elatae phragmitetosum australis is interpreted as a secondary phase of 
the Phragmitetum australis, induced by anthropogenic disturbances such as mowing and burning. In 
the absence of these pressures, progressive recolonization by Phragmites australis leads to a structural 
and compositional shift back toward communities referable to Phragmitetum australis, suggesting a 
clear dynamic relationship between the two syntaxa. Overall, the integration of phytosociological data 
and quantitative ecological parameters highlights the internal heterogeneity of Phragmites australis 
communities and refines their syntaxonomical interpretation in the context of lowland temperate 
wetlands in southern Europe, with relevant implications for conservation and habitat management. 

 
1) Packer J.G., 2017. Biological Flora of the British Isles: Phragmites australis. Journal of Ecology 105(4): 1123-1162.  
2) Braun-Blanquet J., 1932. Plant Sociology. McGraw-Hill Book Company, New York & London. 
3) Chytrý M., Tichý L., Holt J., Botta-Dukát Z., 2002. Determination of diagnostic species with statistical fidelity measures. 

Journal Vegetation Science 13: 79-90. 
4) Chytrý M. (ed.), 2011. Vegetation of the Czech Republic 3. Aquatic and wetland vegetation. Academia, Praha.  
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The Gulf of Gela, roughly extending for 62 km from Licata up to Punta Braccetto (Scoglitti), 
represents the longest continuous sandy coastline of Sicily. The coastal area includes three Natura 2000 
sites, i.e. Biviere and Macconi di Gela (ITA050001), Torre Manfria (ITA050011), and Punta 
Braccetto, Contrada Cammarana (ITA080004), all falling within the Thermo-mediterranean 
bioclimatic belt. Despite the severe anthropogenic pressure [1], this area preserves many 
psammophilous habitats and plant species of remarkable naturalistic value [2,3], such as Muscari 
gussonei (fam. Asparagaceae), a narrow endemic exclusively found in south-eastern Sicily, and 
included in Annex I of the Bern Convention (1979), in Annex II of Directive 43/92 /EEC, and in the 
Red List of Italian flora as threatened (EN).  

The main objectives of this study are 1) to classify the psammophilous vegetation, 2) to map the 
habitats and endemic/endangered species, and 3) to assess the structure and floristic richness of the 
coastal sandy habitats. 

A total of 417 phytosociological relevés using the Braun-Blanquet approach were processed. The 
original Braun–Blanquet sampling scale was transformed into the ordinal scale according to Van der 
Maarel [2]. All relevés were analyzed using multivariate methods (PC-ORD 6 software). Quantum 
GIS software version 3.6 and a Garmin GPS were used to geolocalize the surveyed plant communities 
and endangered species. Overall, 121 species of vascular plants have been recorded, most of which are 
therophytic and hemicryptophytic Mediterranean elements. Preliminary results show a total of 6 
alliances and 13 plant communities, belonging to seven N2K habitats (1210, 2110, 2120, 2210, 2230, 
2250*, 5330). The main vegetation units identified are: a) perennial herbaceous vegetation of the 
mobile white and embryonic coastal sand dunes of the Mediterranean (Ammophilion Br.-Bl. 1921), b) 
dwarf scrub of the stabilized coastal dunes of the Western and Central Mediterranean (Crucianellion 
maritimae Rivas Goday et Rivas-Mart. 1958), c) pioneer halo-nitrophilous coastal vegetation of the 
Cantabro-Atlantic and the Mediterranean coasts (Euphorbion peplidis Tx. ex Oberd. 1952), d) 
ephemeral vegetation of the coastal dunes of the Northern Iberian Peninsula and the Ligurian-
Tyrrhenian seaboards (Alkanno-Maresion nanae Rivas Goday in Rivas Goday et Rivas-Mart. 1963 
corr. Díez Garretas et al. 2001), e) semiarid deciduous scrubland of the coastal regions of southeastern 
Spain, southern Sicily, and the eastern regions of North Africa (Periplocion angustifoliae Rivas-Mart. 
1975), and f) Thermo-mediterranean shrublands of the coastal dunes and paleo-dunes of the 
Mediterranean Basin (Juniperion turbinatae Rivas-Mart. 1975 corr. 1987). 

 
 

1) Sciandrello S., Tomaselli G., Minissale P., 2015. The role of natural vegetation in the analysis of the spatio-temporal 
changes of coastal dune system: a case study in Sicily. Journal of Coastal Conservation, 19: 199–212. 

2) Sciandrello S., Giusso del Galdo G.P., Minissale P., 2017. Ecology and conservation status of Muscari gussonei (Parl.) 
Nyman in Sicily: a narrow endemic species threatened by habitat reduction. Plant Sociology, 54 (Suppl. 1): 85-96. 

3) Minissale P., Sciandrello S., 2015. The sabulicolous therophytic associations in Sicily: new insights through the 
statistical approach, stressing the continuum vs discrete model of plant communities. Acta Botanica Gallica, 162(1): 
55–78. 
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Arable farming and livestock farming are closely linked in the Aegean region. The former supports 
the latter by producing animal feed. Recent studies on farmlands on the Aegean islands show that the 
proportion of synanthropic plant species in the total flora stands at 41-46%, which is almost double the 
proportion found on the Greek mainland. Synanthropic vegetation is therefore of great importance for 
the islands’ plant diversity and, at higher trophic levels, for the diversity of insects and farmland birds. 

This presentation provides an overview of the diversity of farmland vegetation with a focus on the 
segetal flora. The cultural landscape of the Aegean, and in particular that of a single island, Limnos, 
serves as an example. The aim is to demonstrate the legacy of the pre-mechanized agriculture from 
decades ago, which encompasses a rich segetal flora, the cultivation of traditional landraces, shallow 
tillage and crop rotation. The segetal flora includes obligate weeds that depend on the continuity of 
non-intensive agriculture, including a number of threatened species. Some of them are portrayed and 
their biology, regional distribution and different habitat niches are highlighted. Among the threatened 
obligate segetal plants, geophytes and hemicryptophytes are over proportionately represented. The 
principles for conserving farmland biodiversity in the Aegean region can be applied to other 
agricultural regions in the Mediterranean. 
 
 
  



 

 

29 

TRAIT SYNDROMES OF PLANT WINNERS AND LOSERS IN EUROPEAN 
AGROECOSYSTEMS UNDER LONG-TERM AGRICULTURAL INTENSIFICATION 

 
La Bella G.1, Bopp M.2, Bürger J.3, Juárex A.4, Leclef N.5, Barkaoui K.6,7, Bastin S.8, Bernadas G.9, 

Cambecèdes J.9, Cordeau S.10, Frelat R.1, Genty L.8, Giffard B.11, Martin-Lefevre L.12, Metay A.13, Metcalfe 
H.14, Michelot-Antalik A.15, Ricci B.13, van Mesdag S.14, Winter S.16, Fried G.17, Kazakou E.18 

1 CESAB, 5 Rue de l’École de Médecine, 34070, Montpellier, France 
2 Agroécologie, INRAE, Institut Agro, University of Bourgogne, University of Bourgogne Franche-Comté, Dijon, France 
3 Landscape Ecology, J.-v.-Liebig-Weg 6, University of Rostock, 18057 Rostock, Germany 
4 Departament de Ciència i Enginyeria Forestal i Agrícola. Universitat de Lleida-Agrotecnio centro CERCA. Av. Rovira Roure, 191, 
25198, Lleida, Spain 
5 Biodiversity, Ecosystem and Landscape, TERRA Research Centre, Gembloux Agro-Bio Tech, University of Liège, Passage des 
Déportés 2, 5030 Gembloux, Belgium 
6 CIRAD, UMR AMAP, Montpellier F-34398, France 
7 AMAP, Univ Montpellier, CNRS, CIRAD, INRAE, IRD, Montpellier, France 
8 Agence Nationale de Sécurité Sanitaire de l'Alimentation, de l'Environnement et du Travail, 14 Rue Pierre et Marie Curie, 94700 
Maisons Alfort, France 
9 Conservatoire botanique national des Pyrénées et de Midi-Pyrénées, Vallon de Salut - BP 70315 - 65203 Bagnères-de-Bigorre Cedex 
10 Université de Bourgogne Europe, Institut Agro Dijon, INRAE, UMR Agroécologie, Dijon, France 
11 UMR 1065 Santé et Agroécologie du Vignoble, INRAE - Centre de Recherches de Bordeaux-Nouvelle Aquitaine, 71 avenue Edouard 
Bourlaux, CS 20032, 33882 Villenave-d'Ornon cedex, France 
12 Institut Agro Montpellier, Centre d’Ecologie Fonctionnelle et Evolutive, UMR 5175, Montpellier, France 
13 ABSys, Univ Montpellier, CIHEAM-IAMM, CIRAD, INRAE, Institut Agro, Montpellier F-34060, France 
14 Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ, United Kingdom 
15 Université de Lorraine, INRAE, LAE, F-54000 Nancy, France 
16 Institute of Plant Protection, Department of Agricultural Sciences, BOKU University, Vienna, Austria 
17 ANSES, Plant Health Laboratory, Entomology and Botany Unit, F-34998, Montferrier-sur-Lez, France 
18 CEFE, Univ Montpellier, CNRS, EPHE, IRD, Institut Agro, Montpellier, France 
 
Presenting author: Greta La Bella, greta.labella@fondationbiodiversite.fr 
 
Keywords: weeds’ temporal changes, trait syndrome, agroecosystems 
 

Agricultural intensification, characterised by practices such as short crop rotations, frequent use of 
synthetic fertilisers and pesticides, and intensive tillage, poses major challenges to spontaneous plants 
in agroecosystems, leading to widespread species loss. Despite these overall negative trends, some 
species have persisted or even benefited from these practices. However, the plant functional 
characteristics (i.e., trait syndromes) that determine species decline or success remain unclear. Using 
resurvey data collected at 703 sites from the 1940s to the present, we modelled temporal changes in 
the occurrence and cover of 688 plant species to identify those that have consistently increased 
(winners) or declined (losers) over time across a north–south European gradient of agroecosystems, 
comparing intensively managed annual crop rotations with typically less intensive perennial cropping 
systems. We then assessed the functional trait syndromes associated with winners and losers by testing 
the effects of key traits related to plant size, leaf economic spectrum, dispersal strategies, phenology, 
and ecological preferences (i.e. Ellenberg and disturbance indicators) on species’ temporal responses. 
Overall, we found a markedly higher number of losers than winners in annual crops (75% of the species 
showing temporal changes), whereas perennial crops supported a higher number of winners (64%). 
Trait-based analyses indicate that in both agroecosystems, loser species are associated with more 
ruderal-fast acquisition strategies (e.g. low leaf dry matter content; LDMC), reduced dispersal ability, 
and lower tolerance to mowing frequency and disturbance severity. In contrast, winners are associated 
with higher LDMC, greater tolerance to mowing frequency and high temperatures, and earlier 
flowering onset. 
Our results show that species temporal trajectories can be partly explained by consistent trait-based 

responses across agroecosystems, highlighting the potential of functional traits to anticipate 
biodiversity changes under future agricultural scenarios.  
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Semi-natural grasslands are biodiversity-rich ecosystems that provide key ecological functions but 
are increasingly threatened by land-use change and altered precipitation regimes. Understanding their 
response to global change requires integrative approaches combining taxonomic, functional, and soil-
related processes. In Italy, the decline of these ecosystems is largely fueled by the cessation of 
traditional agro-pastoral practices, which triggers woody encroachment and the loss of open habitats. 
Extensive grazing is considered to promote climate resilience by fostering ecological diversification 
and enhancing the ecosystem functional response, allowing the system to maintain stability and 
adaptability against climatic stressors like drought or extreme heat.  

The CAROLINA project (ClimAte Resilience Over Land use change In semi-Natural grAsslands) 
investigates how extensive management influences biodiversity conservation, carbon sequestration, 
and ecosystem stability under shifting land-use and climatic scenarios. We present results focused on 
the vegetation component, integrating taxonomic and functional approaches. The study employs two 
complementary methodological approaches: a permanent climate manipulation experiment and the 
study of chronosequences of succession from grassland to forest after land use abandonment. In the 
first case fenced open-top chambers (OTCs) were employed to simulate the combined effects of 
reduced precipitation, passive warming and grazing exclusion. As to chronosequences, the impact of 
land-use abandonment was assessed by comparing different stages of shrub and forest encroachment 
(from active pastures to forests).  

Preliminary analyses reveal shifts in functional traits and taxonomic indices. In the manipulative 
sites plant communities showed a response already after a single year of climate manipulation. Along 
the successional gradient we recorded a clear loss in biodiversity and a shift in functional response. 
Our findings suggest that maintaining extensive management promotes niche diversification, 
potentially enhancing the capacity of pastoral ecosystems to withstand extreme climatic events. The 
integration of taxonomic and functional diversity provides a comprehensive tool to evaluate the 
ecological status and resilience of these threatened habitats. 
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Chestnut (Castanea sativa Mill.) woods rank among the most widespread forest types in Europe, 
providing significant ecological, environmental, and economic value [1]. Directive 92/43/EEC 
identified these forest types as habitats of Community interest (code 9260), as they are a perfect 
example of a cultural landscape: a habitat created or shaped by man which, over time, has achieved a 
stable ecological balance contributing to the conservation of biodiversity on a European scale. The 
sustainable management of chestnut woods guarantees an economic resource and creates a mosaic of 
microhabitats that provide shelter for many animal species, including rare saproxylic beetles and 
invertebrates associated with dead wood, as well as rich and diverse nemoral flora. They are semi-
natural formations of human origin that have been used for timber production and as a food source for 
centuries. However, they have integrated with other ecosystems and support a high level of 
biodiversity. Phytosociological studies of chestnut woods vegetation carried out in Italy and other 
European countries have identified several plant communities with specific floristic and ecological 
characteristics [2, 3, 4]. The study aims to define the floristic and ecological characteristics of Castanea 
sativa woodlands in Calabria. This will be achieved by adopting a syn-systematic phytosociological 
approach to plant communities. The study will also provide indications for management issues. 
Chestnut woods are the second most common type of forest in this region, after beech forests, covering 
5.6% of the region's surface area [5]. The vegetation surveys concerned the chestnut woods at the end 
of the coppicing round; in fact, they are normally managed as coppices with standards, with rotations 
varying between 10 and 20 years. The matrix of 46 relevés was subjected to multivariate analysis with 
R Core Team [6]. Cluster analysis highlighted that the species composition of chestnut woodlands is 
not uniform, differentiating between two main groups. The first is characterized by species of the 
Querco roboris-Fagetea sylvaticae class, such as Poa sylvicola Guss. and Geum urbanum L., 
indicating more mature and shady mesophilic forests. In the second group, the composition changes, 
including elements of the Quercetea ilicis class such as Ruscus aculeatus L. and Quercus ilex L., which 
highlight the dynamic tendency of the chestnut woodland towards Mediterranean forest formations. 

Analysis of the Ellenberg-Pignatti bioclimatic indices showed that temperature is the ecological 
factor that most influences the structure and floristic composition of chestnut woodlands. 

The analysis highlighted the complexity and diversity of this habitat, as well as its important role in 
biodiversity conservation. 
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Italian chestnut (Castanea sativa Mill.) forests have undergone major shifts, moving from traditional 
management to widespread abandonment, a process exacerbated by declining tree health under climate 
change pressure. This study investigated whether understorey plant diversity follows geographical 
patterns or is driven by local factors: management history, abiotic stress, and biotic stress. Data from 
229 10 x 10 m plots surveyed in 2025 across the Italian peninsula and major islands were analysed. To 
focus on natural understorey dynamics, C. sativa was excluded from diversity calculations. Drivers of 
understorey diversity were evaluated by comparing the predictive power of latitude, management types 
(managed orchards and coppices, and their abandoned counterparts), and a tree health index (DBH-
weighted average of crown transparency). These factors were tested using linear mixed-effects and 
generalised least squares models. Non-metric multidimensional scaling (NMDS) and indicator species 
analysis (ISA) evaluated changes in community composition and habitat integrity regarding European 
Habitat 9260. Model comparisons showed that latitude was not a significant predictor of biodiversity 
variation (p = 0.36), performing worse than the null model. In contrast, management and tree health 
were primary drivers (p < 0.001). Managed orchards were the most diverse, significantly 
outperforming abandoned stands in all comparisons (p < 0.05). However, NMDS ordination revealed 
strong regional clustering, indicating that while alpha diversity is driven by management, regional 
biogeography shapes specific species composition. ISA results showed a decline in floristic diversity 
following abandonment: managed orchards supported 112 significant indicator species, including key 
diagnostic plants for Habitat 9260 (e.g., Luzula pedemontana, Lathyrus linifolius, and Platanthera 
chlorantha). In abandoned sites, indicator species dropped drastically as specialised flora was replaced 
by common forest species (e.g., Fagus sylvatica, Fraxinus ornus, and Hedera helix). The future of 
biodiversity in Italian chestnut forests depends on management choices rather than geographical 
location. Active management, particularly in orchards, is essential to maintain local plant community 
integrity. Protecting chestnut biodiversity requires recognising geographical distinctions while 
promoting traditional management practices and mitigating emerging plant health threats.  
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Desertification in dry-semiarid ecosystems is closely linked to land-use history and the spatial 

arrangement of vegetation and soil resources. Understanding the equilibrium between plant-soil 
reciprocity and biotic interactions—specifically the shift between facilitation and competition under 
abiotic stress—is crucial for assessing landscape resilience. This study hypothesizes that ecosystem 
stability is driven by spatial heterogeneity of successional stages following disturbance. 

The research was conducted in a dry-semiarid, thermo- to meso-Mediterranean region in Eastern 
Andalusia (Southeastern Spain). We selected a topographical sequence of five distinct successional 
stages with common soil parent materials, recovering from shared land-use and disturbance histories 
over the past 25 years. These included: semi-preserved Stipa vegetation, grazed pastures, crop-
abandoned old-fields colonized by Artemisia, Retama shrublands, and slopes reforested with Pinus. 

To evaluate spatial variability patterns (strength, complexity and scale), we established ~70-m 
perpendicular-to-slope transects composed of contiguous 0.25-m² quadrats at each stand. We recorded 
richness and plant species cover and analyzed surface soil properties, including nutrient processing 
rates. Soil-vegetation spatial correspondence was quantified using geo-statistics, multiscale ordination 
(MSO) and variance partitioning with principal components of neighbor matrices (PCNM). 

Our findings reveal that land-use legacies drastically alter micro-scale environmental structures. 
Crop abandonment followed by dwarf-shrub (Artemisia) colonization increases soil heterogeneity. 
This facilitates the settlement of Retama through the creation of fertility islands and prevents erosion 
by reducing bare inter-spaces, as occurs with Stipa in steep slopes. Pinus reforestation homogenizes 
the soil surface, mitigating the development of patchy vegetation structure and preventing further 
desertification. 

Analyses of biotic interactions demonstrated that positive inter-specific associations (facilitation) 
dominate under extreme topographical or abiotic stress, particularly in early-to-mid successional 
phases. Therophytes exhibited the strongest spatial patterns, closely tied to soil microsites and the 
canopy protection of larger life-forms. Furthermore, ecosystem stability was functionally dependent 
on soil-vegetation coupling. Nitrogen availability and its processing rates were the primary drivers of 
dominant spatial vegetation patterns across successional stages. In contrast, intensively grazed plots 
exhibited low spatial complexity and dependence on phosphorus limitation, critical in washed inter-
plant areas. Ultimately, the resilience of these Mediterranean landscapes relies on the dominance of 
perennial species and nitrogen-driven spatial stability, which together modulate facilitative networks 
and dictate ecosystem recovery. 
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Traditional Mediterranean agroecological systems are increasingly recognised not only as cultural 
landscapes, but also as reservoirs of biodiversity, ecological memory, and long-term socio-ecological 
resilience. Drawing on an integrated case study from the Hyblaean region of south-eastern Sicily, this 
contribution examines how vegetation dynamics, land-use history, and landscape structure can inform 
contemporary restoration strategies within traditional rural systems. 

Using multi-temporal remote sensing, landscape metrics, floristic surveys, and vegetation analyses, 
we compared areas affected by agricultural abandonment with zones undergoing intensive 
transformation through greenhouse agriculture, urbanisation, and coastal development. Results reveal 
a striking paradox: landscapes commonly perceived as “marginal” or degraded due to abandonment 
often maintain high ecological integrity, landscape heterogeneity, and resilient self-organised 
successional dynamics. In contrast, the most ecologically compromised areas correspond to 
economically dominant landscapes, where restoration is socially and politically more difficult to 
implement. 

The study highlights the ecological value of traditional agro-pastoral mosaics shaped by low-
intensity management, recurrent disturbance, and long-term human-environment interactions. In 
Mediterranean contexts, abandonment does not necessarily imply degradation; rather, it may trigger 
trajectories of spontaneous recovery capable of sustaining complex vegetation patterns and habitat 
diversity. These findings challenge restoration approaches based on simplified indicators, forest-
centred visions of naturalness, or short-term policy targets. 

The presentation argues that effective restoration of traditional agroecological systems requires a 
process-oriented perspective grounded in ecological knowledge, historical awareness, and landscape-
scale interpretation. Rather than imposing uniform restoration models, restoration policies should 
recognise the adaptive capacity of culturally co-evolved Mediterranean ecosystems and prioritise 
interventions where ecological degradation is most severe and functionally irreversible. 
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The Habitats Directive (92/43/EEC) is a cornerstone of European biodiversity conservation policy, 
requiring Member States to periodically assess the conservation status of habitats and species under 
Article 17. The fifth reporting cycle (2019–2024) introduces strengthened requirements for spatial 
coherence with the Natura 2000 network and alignment with the EU Biodiversity Strategy for 2030. 
Italy, hosting 124 Annex I habitat types across Alpine, Continental, and Mediterranean regions, 
presents high ecological complexity. This study outlines the methodological framework adopted for 
the Italian V Annex I Habitat Report and summarises its main outcomes. The process was coordinated 
by ISPRA and SISV. The methodology integrated two components: (A) spatial data updating and 
validation through a WebGIS infrastructure, allowing regional authorities to upload and verify habitat 
distributions; and (B) conservation status assessment through compilation of the Article 17 Reporting 
Format, based on regional data reviewed and integrated by experts. A structured concertation phase 
resolved discrepancies between administrative data and expert validation, enhancing cross-regional 
coherence. Key parameters (range, area, structure and functions, future prospects) were estimated by 
integrating regional maps, Natura 2000 Standard Data Forms, and national datasets, with range 
calculated using the EU Range Tool and habitat-specific buffers. In the absence of a complete national 
habitat map, a suitability-based dataset was derived from integrated sources. The framework enabled 
the validation and harmonisation of a comprehensive dataset covering all 124 habitats. About 96% of 
the habitat–grid cell combinations (10 km × 10 km) required expert verification. The process 
confirmed most reported occurrences, removed 814 unsupported cells, and added 196 new cells, 
mainly linked to Natura 2000 sites lacking prior spatial representation. The validation architecture 
reduced conflicts between regional data and expert review through standardised protocols. The Italian 
V Report represents a significant methodological advancement in coordination, transparency, and 
robustness. The integration of GIS tools, standardised procedures, and expert validation improved data 
reliability. The collaborative model involving the scientific community and regional administrations 
proved effective, although persistent data gaps and uneven monitoring highlight the need for structural 
improvements. Overall, the framework demonstrates the value of integrated, iterative workflows in 
enhancing Article 17 reporting and supporting EU biodiversity policy.   
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Biodiversity in Italy is also represented by the diversity of habitats hosted in the national territory. 
Yet its spatial organisation remains insufficiently understood and a comprehensive analysis of habitat 
distribution patterns is still lacking. Here, leveraging on habitat occurrence data, we aim to provide a 
preliminary overview of the patterns of habitat richness and diversity. A dedicated working group of 
thematic and territorial experts of the Italian Association of Vegetation Science (SISV) collected and 
validated the habitat distribution data provided by the Administrative Italian Regions and Autonomous 
Provinces, provided by the Italian Institute for Environmental Protection and Research (ISPRA) as part 
of the work for the V report of the Habitats Directive, covering the period 2019-2024. Data consist of 
a 3725-cell grid of 10 km × 10 km concerning 124 types of terrestrial and inland water habitats. We 
mapped the habitat richness per cell for all habitats and for nine macrohabitats, according to the first 
hierarchy level of Natura 2000 habitat classification. Furthermore, to divide Italy into ecologically 
uniform regions, we performed a hierarchical cluster analysis based on the Beta similarity index. The 
number of clusters was selected with the Mantel statistics, using the Pearson correlation coefficient. 
Preliminary results show the highest habitat richness in Eastern Alps and Northern Apennines. By 
contrast, the lowest habitat richness was found in the Po plain and inner areas of the Italian Peninsula. 
When partitioning the database in macrohabitats, specific patterns can be recognised for all types. In 
terms of similarity the analysis of the optimal number of clusters suggested five clusters, roughly 
corresponding to the Alpine area, the Po Plain and the Eastern Alps, the coast, the Peninsular Italy and, 
lastly, Sicily, Sardinia and Apulia altogether. These insights, besides their relevance for Art. 17 
reporting, serve to identify key areas of high heterogeneity, and will help to inform future conservation 
efforts towards territories that are more diverse in terms of habitats co-occurrence. 
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Monitoring the habitats featured in Annex I of the 92/43/EEC ‘Habitats’ Directive requires robust, 
standardised, and scalable methodologies to assess their conservation status, structure, functions, and 
pressures. In this context, the Habitat Monitoring Project through vegetation surveys within Italian 
National Parks, in the context of the DigitAP PNRR Project* (https://digitap.nnb.isprambiente.it/), 
promoted by MASE and coordinated by ISPRA, aimed to develop a national-scale system for the 
collection, validation, and integration of floristic and vegetation data supporting a long-term 
monitoring framework consistent with ISPRA guidelines. A stratified sampling design based on the 
mapped distribution of Annex I habitats was adopted in 24 National Parks, selecting 1,857 grid cells. 
During the field seasons 2024-2025, 94 habitat types were surveyed and a total of 3,695 
phytosociological relevés were done. Field protocols were defined through dedicated guidelines, to 
ensure consistency and reproducibility. Data collection was supported by mobile GIS applications, 
enabling georeferenced sampling, photographic and video documentation, and recording of habitat-
specific ecological parameters. A multi-level validation workflow, supported by the Italian Botanical 
Society, involved territorial coordinators and expert groups under central supervision. Validation 
included cross-checking with scientific literature, habitat manuals, cartographic sources, and 
photointerpretation, ensuring data accuracy and consistency. Analyses involved habitat-specific 
indicators (e.g. typical species, disturbance indicators, alien species), structural parameters for forest 
habitats, and pressures based on the Art. 17 reporting classification under the EU Habitats Directive. 
Landscape-level assessments were performed, too. The project produced a harmonised and validated 
dataset representing one of the most extensive applications of habitat monitoring at national scale. 
Despite constraints such as suboptimal survey timing and adverse weather conditions, the expected 
spatial coverage was achieved. In some cases, repeated surveys across different seasons provided 
additional insights concerning habitat variability and dynamics. The validation process ensured high 
data reliability through consistent protocols and iterative feedback between surveyors and experts. This 
project represents a major advancement in the consolidation of habitat monitoring procedures in Italy. 
The integration of rigorous sampling design, digital tools, and expert validation resulted in a robust, 
transparent, and replicable framework, providing a solid baseline for long-term monitoring and 
supporting EU biodiversity conservation and restoration policies. 
*PNRR project, funded by the European Union as part of Next Generation Europe, Misura M2C4 Inv. 3.2 – Digitalizzazione dei parchi 
nazionali delle aree marine protette (DigitAP), della Missione “Transizione ecologica e rivoluzione verde”.  
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Functional ecology provides a framework to understand how biodiversity influences community 
assembly and ecosystem functioning through species traits [1]. Among these, floral traits represent a 
key but still underexplored functional dimension, as they directly mediate plant reproduction and 
plant–pollinator interactions [2]. The development of standardized protocols is now enabling the 
collection of comparable floral trait data across species and regions [3]. 

The ANTHOS project is an inter-university collaborative initiative aimed at coordinating floral trait 
data collection at the national scale, currently involving 26 research groups across Italy. The project 
seeks to (i) develop a standardized and openly accessible database of floral traits, (ii) promote data 
sharing for non-commercial research and biodiversity conservation, and (iii) support the publication 
of data papers based on the resulting dataset. Data are collected following a shared protocol [3], 
ensuring consistency and reproducibility. The core dataset includes mandatory morphological traits 
relevant to pollination (e.g. floral unit area, flower dimensions, spur size, floral symmetry, number of 
flowers per unit, and height above ground). Contributors may also include pollen and nectar traits, thus 
broadening the functional characterization of reproductive strategies. Environmental metadata and 
detailed methodological information are recorded to enhance data usability and ecological 
interpretation. 

A first coordinated field campaign, scheduled for spring 2026, will serve as a pilot study to test the 
protocol under field conditions, assess data consistency among research groups, and refine sampling 
procedures. This phase will provide the basis for evaluating the feasibility and scalability of the 
ANTHOS database. By integrating standardized measurements across taxa and regions, ANTHOS will 
help fill a major gap in floral trait data at the national scale and support future research on plant–
pollinator interactions, community assembly, and biodiversity conservation. 
 
1) Díaz S., Cabido M., 2001. Vive la différence: plant functional diversity matters to ecosystem processes. Trends in 
Ecology & Evolution, 16: 646–655. https://doi.org/10.1016/S0169-5347(01)02283-2 
2) Roddy A.B., Martínez-Perez C., Teixido A.L., Cornelissen T.G., Olson M.E., Oliveira R.S., Silveira F.A.O., 2021. 
Towards the flower economics spectrum. New Phytologist, 229: 665-672. https://doi.org/10.1111/nph.16823 
3) Michelot‐Antalik A., Langlois A., de Bello F., Desaegher J., Genty L., Goulnik J., ..., Baude M., 2025. Handbook of 
protocols for standardized measurements of floral traits for pollinators in temperate communities. Methods in Ecology and 
Evolution, 16(5): 988-1001. https://doi.org/10.1111/2041-210X.70031 
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In compliance with Directive 92/43/EEC, the Regional administration has initiated a comprehensive 
process for drafting Conservation Measures for the Natura 2000 Network sites in 2025. The Regional 
Department for Rural and Territorial Development, the body managing 31 regional nature reserves 
which conserve the majority of the regional forest heritage, apart that contained in nature parks, has 
recently defined the Conservation Measures, for 35 Natura 2000 sites under its jurisdiction. These 
sites, while representing approximately 15% of Sicily's 219 terrestrial sites, cover 25% of Natura 2000 
Network's total surface area of the island and host over a third of the forest heritage protected within 
the Network, with high-value forest formations (beech, Turkey oak, holm oak, cork oak, and deciduous 
oak forests) and Mediterranean scrub communities. Some of latter ones contain the most mature and 
best-preserved examples of Mediterranean scrub: dwarf palm community (habitat 5330 subtype 32.24) 
in the SAC ITA010017; dune juniper vegetation (habitat 2250*) in the SAC ITA090002; xerophilous 
deciduous formation of sub-desert scrub (habitat 5220*) in the SAC ITA0400001 and in the SAC 
ITA0400009. In particular, the presence of priority habitat 5220*, exclusive to Sicily and discovered 
in two new sites, has been confirmed. The distributions of habitats 5430, 5420 and 92C0, rare in Italy, 
have also been specified. The conservation measures, being site-specific but also directly linked to 
each individual community habitat, required the updating of the Habitat Map. The results highlighted 
an increase in recorded biodiversity and a better spatial definition of environmental emergencies, in 
particular: 1) the cartographic surveys have produced a variation in the calculation of habitat areas, 
highlighting an increase compared to what was reported in the latest database of the Ministry of the 
Environment, going from 45,500 to 54,761 hectares; 2) a growth in number of Community Habitats 
was detected, going from 54 to 56, with new habitat 6210 and 3250 included. On a cartographic level, 
thanks to the incorporation of new and unpublished data, the surface resolution has been detailed and 
improved, providing precise spatial definition for many of those habitats previously identified as point-
like. This is the case of wetland habitats, such as 3120, 3130, 3140, 3150 and 3170*. Furthermore, the 
spatial location of habitats that, by definition, remain point-like, such as caves (habitats 8310, 8320, 
and 8330), has been improved also by acquiring data from the Sicilian Cave Registry. Following the 
Italian Interpretation Manual of the Habitats, a critical revision was carried out which led to the 
exclusion of some of them (6510, 6310, 7230, 91B0) and to the reclassification of the Ampelodesmos 
mauritanicus steppe vegetation (from 6220* to 5330). A particularly innovative element is the 
introduction of the Habitat in Transition category in the map legend. This one describes artificial forest 
stands covered by alien (Eucalyptus spp.) or native (Pinus spp.) species, destined to renaturalise and 
evolve into stable native formations. 
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This study describes the activities carried out within the MAIA project (Monitoring of High-
Altitude Biodiversity in the Majella National Park), conducted during the years 2024 and 2025. The 
project aimed to investigate high-altitude habitats frequented by the Apennine chamois (Rupicapra 
pyrenaica ornata) through their vegetation characterisation and the assessment of their pastoral value. 
To this end, a stratified random sampling survey of vegetation was developed and applied, aimed at 
analysing the structural and functional characteristics of high-altitude habitats most frequently used by 
the chamois. The study areas were identified in collaboration with the staff of the Majella National 
Park and subdivided into three habitat macro-types, defined on a geomorphological basis: i) high-
altitude screes, ii) dolines and kettle holes, and iii) moderately sloping grasslands. Within each macro-
type, sampling sites homogeneous from a physiognomic, ecological, and topographic point of view 
were selected, in which a total of 27 phytosociological relevés (9 per habitat) and 108 subplots of 1×1 
m have been performed. In parallel with vegetation surveys, multispecific biomass sampling was 
carried out through standardized collections on 1 m² surfaces positioned near the plots. Monospecific 
sampling was also performed on the most grazed plant species in order to analyse their nutritional 
characteristics. The relevés were used to calculate pastoral value and potential carrying capacity, while 
the nutritional quality of biomass was characterized through chemical analyses on multispecific and 
monospecific samples. Data analysis was performed in R using multivariate and univariate 
approaches. The species cover matrix was used to classify the relevés through agglomerative 
hierarchical clustering based on the Bray–Curtis dissimilarity index and the UPGMA method, in order 
to identify homogeneous plant communities. Relationships among relevés were further explored 
through NMDS (Non-Metric Multidimensional Scaling) ordination. Differences among clusters in 
relation to environmental variables, species richness, and diversity indices, namely Shannon–Wiener 
and Simpson, were tested using Kruskal–Wallis tests. The variability of the main ecological and biotic 
parameters (grazing intensity, early senescence, presence of dung) and of the main nutritional 
characteristics of the collected biomass was analysed among different habitat types using non-
parametric tests (Kruskal–Wallis) and post-hoc comparisons with correction for multiple testing. 
Overall, the results provide a comprehensive characterization of high-altitude habitats in the Majella 
National Park and highlight the combined influence of grazing pressure and environmental factors on 
their structure and functioning. The integration of vegetation, ecological, and nutritional data offers 
valuable insights for understanding local habitat dynamics and supports the development of informed 
conservation and management strategies. Moreover, the methodological framework applied in this 
study could represent a basis for long-term ecological monitoring of high-mountain grazed ecosystems. 
  



 

 

42 

ASSESSING CLIMATE CHANGE IMPACTS ON HOLM OAK FOREST COMBINING 
COPERNICUS DATA AND HIGH-RESOLUTION SATELLITE IMAGERY ON 

MEDITERRANEAN AREAS 
 

Marzialetti F.1,2, Arcidiaco L.3, Brundu G.1,4, Costa-Suara J.M.1,4,5, Sirca C.1,4,5, Trabucco A.4,5, Spano D.1,4,5, 
Mereu S.3,4 

1 Department of Agricultural Sciences, University of Sassari, Viale Italia 39/a, 07100 Sassari (Italy) 
2 Department of Geoinformatics, Faculty of Environment, Jan Evangelista Purkyně University in Ústí nad Labem, Pasteurova 3632/15, 

400 96 Ústí nad Labem (Czech Republic) 
3 Institute of Bioeconomy, National Research Council of Italy (CNR), Via Madonna del Piano 10, 50019 Sesto Fiorentino Firenze (Italy) 
4 National Biodiversity Future Center (NBFC), Piazza Marina 61, 90133 Palermo (Italy) 
5 CMCC—Centro Euro-Mediterraneo sui Cambiamenti Climatici, IAFES Division, Via De Nicola 9, 07100 Sassari (Italy) 
 
Presenting author: Flavio Marzialetti, flavio.marzialetti@ujep.cz 
 
Keywords: drought effect, leaf shedding event, Quercus ilex, multi-sensor remote sensing 
 

In recent decades, Holm oak decline and leaf shedding and mortality events have been widely 
observed across Mediterranean ecosystems [1]. Leaf shedding in evergreen drought-adapted forests 
results from complex interactions among plant hydraulics, carbon metabolism, morphological traits, 
and biotic agents [2]. Earth observation data offers new opportunities to address these ecological 
challenges through the integration of complementary information [3]. In this study, we propose a 
workflow to investigate the drivers underlying the Holm oak leaf shedding events that occurred in 
Sardinia (Italy) in August-September 2024 by integrating multispectral Sentinel-2 imagery (10 m), 
very-high-resolution PlanetScope imagery (3 m), ERA5-Land meteorological data (9 km), and a set of 
uncorrelated terrain predictors. Leaf shedding was visually identified in 28 areas (2 km²) using 
PlanetScope imagery, Sentinel-2 was used to quantify and predict in Sardinia, the decline of 
photosynthetic activity through three spectral indices: NDVI, EVI, and MSAVI2 temporal differences, 
and ERA5-Land data were used to calculate SPEI at 3-, 6-, and 12-month accumulation periods to 
investigate short-, medium-, and long-term drought dynamics, and also the return period of this drought 
event. A machine learning approach, in particular the Random Forest algorithm, was used to link leaf 
shedding with drought severity and with terrain predictors. Our results highlighted the exceptionality 
of this drought event with return periods over 500 years in the southeastern part of the island and an 
increment of drought stress as especially evinced by the results of SPEI 12-month with peaks greater 
than 2 for the mean values in Sardinia and 3 in the same sector. Furthermore, the temporal differences 
of summer EVI values and validated through visual inspection of coeval PlanetScope imagery allowed 
to identify and predict with high accuracy the leaf shedding of holm oak forests. Random forest models 
effectively captured the relationship between leaf shedding events, increasing drought severity, and 
terrain predictors, indicating that very intense spring and summer drought were the main drivers of 
leaf shedding, particularly at low altitudes and on steep slopes. This study supplies an efficient 
management tool for the early detection and mapping of leaf shedding in holm oak forest response to 
climate change. 
 
1) Carluccio G., Benigno A., Panzavolta T., Vergine M., De Bellis L., Luvisi A., Moricca S., 2025. Understanding Oak 

decline in Europe: ecological factors, symptoms, causative agents, and management strategies. Plant Disease, 109(9): 
1805-1823. 

2) Trugman A.T., Anderegg L.D.L., Anderegg W.R.L., Das A.J., Stephenson N.L., 2021. Why is tree drought mortality so 
hard to predict? Trends in Ecology and Evolution, 36(6): 520-532. 

3) Descals A., Verger A., Yin G., Filella I., Peñuelas J., 2023. Widespread drought-induced leaf shedding and legacy effects 
on productivity in European deciduous forests. Remote Sensing in Ecology and Conservation, 9(1): 76-89. 
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Greening trends, commonly defined as increases in vegetation productivity detected through remote 
sensing (RS), have been widely reported across a range of ecosystems. Nevertheless, empirical 
evidence from Mediterranean coastal dunes remains scarce. In particular, it is still uncertain whether 
the greening dynamics observed at broader spatial scales can also be detected in these systems when 
integrating field-based observations with RS-derived indicators. 

We examined long-term vegetation dynamics (1984–2024) in Italian coastal dunes using 244 
vegetation plots collected as part of a collaborative national resurvey initiative (ReSurveyDunes 
database). The dataset encompasses three EUNIS habitats: upper beach vegetation (N12), shifting 
dunes (N14), and fixed grey dunes (N16). Field-based changes were evaluated by comparing species 
richness and abundance between the two survey periods, using non-parametric statistical tests and 
rank–abundance curve analyses. Greening patterns were quantified from Landsat time-series 
composites. Pixel-level vegetation indices (NDVI and MSAVI), together with sub-pixel fractions of 
vegetation, soil, and water derived from spectral unmixing (SU), were employed to characterize long-
term vegetation trajectories. Temporal trends were assessed using Mann–Kendall tests, slope 
estimates, and coefficients of variation, while linear models were used to explore the relationships 
between field-based and RS-derived indicators under different coastal dynamics. 

Field observations indicated increases in both species richness and overall abundance, although 
dune-building species exhibited a decline in dominance. Consistently, RS metrics revealed widespread 
greening signals across Italian coastal dunes, reflecting increasing vegetation productivity over time. 
Associations between field-based and RS-derived indicators were only partially supported, as only a 
subset of RS metrics, namely the slope and coefficient of variation of NDVI, and the coefficient of 
variation of vegetation and soil fractions, showed significant relationships with vegetation abundance 
across the different coastal dynamics considered. 

Taken together, these findings provide converging evidence of greening processes in Mediterranean 
coastal dunes and underscore the potential of RS approaches (i.e., pixel or sub-pixel based) to detect 
long-term ecological changes in spatially heterogeneous coastal landscapes.  
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As part of a collaboration between SNAM and the University of Catania concerning a connection 
project for ENI SPA E&P Division in Gela (CL), and with the support of the Biviere di Gela nature 
reserve, compensatory actions aimed at restoring and monitoring the natural habitats of the Macconi 
Santa Lucia dune (southern Sicily) have been proposed. The dune, formed by Pleistocene sands, 
located at 42 m a.s.l. and ca. 500 m far from the coastline, represents the remnant of a huge dune 
complex (locally named “Macconi”) that once extended for several kilometers (ca. 60 km) starting 
from Licata up to Scoglitti [1]. The project area, owned by ENI and close to the Gela petrochemical 
complex, covers ca. 15 ha and is included in the ZSC “Biviere e Macconi di Gela”. In addition, the site 
features habitats of Community interest and rare plant species, but is also affected by many invasive 
alien species. Among these, Saccharum biflorum which, due to the abandonment of traditional 
agriculture (e.g. vineyards), is widely spread, thus altering or completely replacing the natural plant 
communities. The native species that suffered a severe reduction is Muscari gussonei (fam. 
Asparagaceae), a narrow endemic species exclusively growing along the sandy coast of south-eastern 
Sicily; this species is included in Annex I of the Bern Convention (1979), in Annex II of the Habitats 
Directive 92/43/EEC, and in the Red List of Italian flora as threatened (EN). Over the last decades, M. 
gussonei has undergone a drastic reduction of its area of occupancy (AOO) due to the intensification 
of greenhouse cultivation, particularly along the coast between Gela and Capo Passero [2].  

Therefore, the restoration project aims at counteracting the alien flora, thus preserving the coastal 
environment and its valuable native species. The five-year restoration project includes manyfold 
activities: 1. eradication of the invasive species, such as Acacia saligna, Carpobrotus edulis, C. 
acinaciformis, Saccharum biflorum, Cenchrus setaceus; 2. monitoring of the Directive Habitats (2210 
Crucianellion maritimae fixed beach dunes; 2230 Malcolmietalia dune grasslands; 2250* Coastal 
dunes with Juniperus spp.; 5330 Thermo-Mediterranean and pre-desert scrub); 3. dune habitat 
restoration through the reinforcement of the local native species (i.e. Launaea fragilis, Rhodalsine 
geniculata, Silene niceensis var. perennis, Crucianella maritima, Helianthemum lippii, Muscari 
gussonei, Hormuzakia aggregata, Retama raetam subsp. gussonei, Asparagus horridus, Juniperus 
macrocarpa, J. turbinata, Ephedra fragilis, Quercus coccifera, etc.); 4. valorization and fruition of the 
area through the creation of an educational-didactic path (ca. 2 km) with interpretation panels and 
labels; 5. communication and fostering people awareness. In conclusion, the Macconi Santa Lucia 
restoration project, started in April 2025, in line with the objectives of the N2K Network and the 
Management Plan of the Nature Reserve “Biviere and Macconi di Gela”, aims at ensuring the 
conservation of the coastal natural habitats and the Directive priority plant species. 
 
1) Sciandrello S., Tomaselli G., Minissale P., 2015. The role of natural vegetation in the analysis of the spatio-temporal 

changes of coastal dune system: a case study in Sicily. Journal Coastal Conservation, 19:199–212. 
2) Sciandrello S., Giusso del Galdo G.P., Minissale P., 2017. Ecology and conservation status of Muscari gussonei (Parl.) 

Nyman in Sicily: a narrow endemic species threatened by habitat reduction. Plant Sociology, 54 (Suppl. 1): pp. 85-96.  
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This study investigates the floristic composition and vegetation structure of the Ariscianne coastal 
wetland (Apulia, Southern Italy), aiming to fill knowledge gaps and provide a scientific basis for its 
conservation and potential inclusion in the Natura 2000 network. The study area represents a coastal 
system characterized by the coexistence of psammophilous dune environments and artificial canal 
networks hosting aquatic vegetation, forming a heterogeneous ecological mosaic of particular interest. 

A phytosociological approach following the Zürich–Montpellier method was adopted, focusing on 
both dune and inland psammophilous vegetation, as well as aquatic plant communities associated with 
irrigation channels. Field surveys were carried out during the period of maximum vegetative 
expression, and the collected data were analysed through multivariate statistical techniques (cluster 
analysis) to support the classification of plant communities. In addition, biological spectra were 
elaborated and ecological gradients were interpreted using Ellenberg indicator values. 

Potamogeton trichoides [1], a submerged macrophyte previously considered absent from the native 
flora of Apulia, was found out in this study area. The phytosociological analysis led to the identification 
of 12 plant communities, referable to seven different vegetation classes, highlighting a relatively high 
diversity in relation to the spatial extent of the study area. 

Several of the recognized communities correspond to habitat types of European conservation 
interest under the Habitats Directive (92/43/EEC), including: 1210 (annual vegetation of drift lines), 
1310 (pioneer Salicornia communities), 1420 (Mediterranean halophilous scrubs and grasslands), and 
3150 (natural eutrophic lakes with Magnopotamion or Hydrocharition vegetation), the latter here 
reported as new regional Annex I Habitat record [2]. 

Overall, the results provide a first comprehensive syntaxonomical and ecological framework of the 
vegetation of the Ariscianne coastal system, contributing to the reduction of knowledge gaps. Despite 
the effects of anthropogenic disturbance and coastal erosion, which have partially altered the natural 
dune morphology, the area still hosts a diverse set of plant communities of notable ecological 
relevance. These findings suggest that further research and monitoring efforts are needed to better 
understand ongoing ecological dynamics and to prevent potential regression processes and biodiversity 
loss. In this context, studies of this kind play a key role in supporting conservation-oriented planning 
and in promoting the recognition of overlooked and marginal coastal areas, which, although often 
neglected, can represent locally important reservoirs of plant diversity. 
 
1) Bartolucci F., Domina G., Bertolli A., Boni R., Galasso G., Caporusso C., Guacchio E.D., Laface V.L.A., Forte L., 

Lonati M., Menini F., Mezza I., Napolitano F., Nota G., Pallanza M., Pazienza G., Pellegrino G., Prosser F., Santangelo 
A., Tomasi G., Torino L., Viciani D., Lastrucci L., 2025. Notulae to the Italian native vascular flora: 19. Italian Botanist, 
19: 143–154. https://doi.org/10.3897/italianbotanist.19.159733. 

2) Rivieccio G., Assini S., Bagella S., Blandino C., Cambria S., Caporusso C., Caria M.C., Costanzo E., Gianguzzi L., 
Gervasio G., Giuliano E., La Mantia A., Lonati M., Longo G., Morabito A., Musarella C.M., Perrino E.V., Spampinato 
G., Tavilla G., Tomaselli V., Turco A., Bazan G., 2025. New national and regional Annex I Habitat records: from #139 
to #147. Vegetation Ecology and Diversity, 62: e160563. https://doi.org/10.3897/ved.160563.  
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Roraima is a mountain in the Guayana Highlands, a tropical ecoregion stretching between 
Venezuela, the Guayanas, and adjacent areas of Brazil and Colombia. It lies on the Precambrian 
Guayana Shield, a cratonic basement consisting of quartzites and sandstones up to 1.95 billion years 
old [1]. Erosion surfaces provide the distinctive landscape of the tepuis, table mountains bounded by 
very abrupt vertical escarpments. The area is included in the Pantepui floristic Province (Guayana 
Region), with a very rich species assemblage dominated by Orchidaceae, Melastomataceae and 
Asteraceae, as well as Rubiaceae and Bromeliaceae [2]. Roraima is undoubtedly the best botanically 
explored tepui and is considered a suitable representative of the flora of the Guayana Highlands. A few 
floristic and vegetational studies have been conducted over the years (e.g. [3]), as well as monitoring 
projects for conservation purposes [4]. Nevertheless, no phytosociological investigation has yet been 
performed in the territory. 

With the purpose of providing a preliminary vegetation description for the area, we carried out 153 
phytosociological relevés during fieldwork in August and September 2025, sampling all the main 
vegetation types of the tepui. We performed hierarchical clustering in the Juice 7.1 software 
confronting various algorithms and cut-levels, aiming to maximize the floristic distinctness of the 
groups. We finally delimited the vegetation units using TWINSPAN and searched for diagnostic 
species using phi-values as fidelity measures, thus characterizing the syntaxa representing the study 
area.  

As a result, 12 main vegetation units at the association level were identified, falling into 4 class-
level clusters: xeric rocky communities dominated by species like Octomeria connellii and 
Epidendrum montigenum; a group of epiphytic and shady rupicolous stands characterized by 
Elaphoglossum wurdackii, Peperomia tenella and Trichomanes lucens; forest and shrubby 
communities featuring Bonnetia roraimae, Monochaetum bonplandii and Ugni myricoides, and lastly 
hygrophilous vegetations distinguished by Orectanthe sceptrum, Paepalanthus schomburgkii and 
Utricularia subulata. 
 
 
1) Reis N.J., Nadeau S., Fraga L.M., Betiollo L.M., Faraco M.T.L., Reece J., et al., 2017. Stratigraphy of the Roraima 

Supergroup along the Brazil-Guyana border in the Guiana shield, Northern Amazonian Craton-results of the Brazil-
Guyana Geology and Geodiversity Mapping Project. Brazilian Journal of Geology, 47(1): 43–57. 

2) Berry, P. E., Riina, R., 2005. Insights into the diversity of the Pantepui flora and the biogeographic complexity of the 
Guayana Shield. Biologiske Skrifter, 55, 145-167. 

3) Huber O., 1987. Vegetacion y flora de Pantepui, region Guayana. Acta Botanica Brasilica, 1(2 suppl 19: 41-52. 
4) Safont E., Vegas-Vilarrubia T., Rull V., Holst B. K., Huber O., Nozawa S., ... & Silva A., 2016. Plant communities and 

environmental factors in the Guayana Highlands: monitoring for conservation under future climate change. Systematics 
and Biodiversity, 14(4), 327-344. 
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Urban areas are increasingly exposed to climate change impacts and biodiversity loss, highlighting 
the need for ecologically grounded planning strategies. In this context, we propose an innovative 
approach to green infrastructure design based on the Habitat Template concept, which draws 
inspiration from spontaneous plant communities occurring under similar ecological conditions. 

The study was developed within the EVOLUTION project (funded by ECOSISTER 
NextGenerationEU – (PNRR) SPOKE 4 - University of Parma) and tested in the municipality of 
Perugia (Central Italy). A phytosociological and GIS-based framework was used to identify reference 
vegetation series and habitat types. A preliminary species pool was derived from habitat mapping and 
subsequently validated using vegetation plot data from the European Vegetation Archive (EVA). The 
resulting dataset includes 329 native species, characterized by 41 functional traits obtained from 
international databases. 

To explore functional patterns, hierarchical clustering and non-metric multidimensional scaling 
(NMDS) were applied, identifying eight functional groups of species. These groups informed the 
definition of ecologically coherent plant assemblages through cocktail clustering, enabling the 
selection of species combinations suited to various green infrastructure types, including urban forests 
and green roofs. 

The results demonstrate that integrating phytosociological knowledge with functional trait analysis 
improves the ecological robustness and replicability of urban green infrastructure design. However, 
practical implementation remains constrained by the limited availability of native species in the 
nursery market. 

This approach provides a flexible and replicable framework for nature-based urban planning, 
supporting biodiversity conservation and ecological transition in Mediterranean cities. 
  

mailto:martinabiagioli@gmail.com
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Traditional ecological knowledge (TEK), also referred to as indigenous knowledge, is understood 
as an embodied knowledge–practice–belief complex emerging from long-term coevolution between 
human communities and ecological systems, whose persistence depends on the continuity in situated 
resource uses and practices. As supported by ecolinguistics approaches, language is itself a dimension 
of TEK and coevolves with local environments and community practices. Accordingly, vernacular 
plant names, as opposed to standardized Linnaean botanical nomenclature, represent a structured 
repository of TEK, as they emerge from situated interactions with plants and encode knowledge related 
to use, morphology, ecology, and management. 

Building on this idea, this study aimed to compile and release the first georeferenced database of 
Sardinian vernacular plant phytonyms and to chart TEK across Sardinia by mapping their richness and 
etymological stratification as a proxy of continuity. Vernacular names were digitized from 
ethnobotanical sources on woody flora, resulting in a dataset of 1,748 distinct phytonyms associated 
with 149 species across 138 municipalities. Each phytonym was assigned to one of three etymological 
strata (substratum, stratum, superstratum), reflecting successive phases of the island’s linguistic 
history. 

To characterize the spatial distribution of TEK, a municipality-level proxy was derived by 
combining vernacular richness and etymological continuity. Vernacular richness was quantified as the 
number of unique vernacular plant names recorded per municipality, while etymological continuity 
was based on the relative contribution of phytonyms belonging to different historical strata, weighted 
according to their assumed historical depth. These components were integrated into a composite index 
and mapped using both administrative units and kernel density estimation to highlight broader spatial 
patterns. 

The spatial distribution of TEK and its components revealed a structured but heterogeneous pattern 
across Sardinia. A dominant hotspot emerged in central–eastern areas, with secondary concentrations 
in the north-west, while southern and coastal regions showed comparatively lower values. These 
patterns are consistent with areas where linguistic continuity and everyday agro-pastoral practices have 
historically remained stronger. The predominance of stratum phytonyms reflects the persistence of the 
Latin-derived core of the Sardinian lexicon, while substratum (pre-Roman) elements point to long-
standing human–plant relationships on the island; superstratum elements reflect later phases of contact. 

Overall, this study shows that vernacular plant names can be used as quantitative proxies to 
investigate the presence, organization, and historical depth of TEK, providing a methodological 
framework to explore biocultural diversity through the integration of linguistic and spatial analysis. 
  

mailto:malavasi@uniss.it
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The concept of association, the basic unit of phytosociology, has undergone few changes since its 
earliest definitions. By tracing its history from biogeography to cenology, and examining it from a 
linguistic perspective, we can understand, as if through a mirror, its strong connection to another key 
concept: that of alliance. One wonders: what is the nature of their relationship? 
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Urban green infrastructure is increasingly recognised as an effective solution for meeting both 
biodiversity conservation goals and benefits provision to dwellers. To be effective, urban green spaces 
should function as self-maintaining systems with structural and functional properties that reflect those 
of natural ecosystems. By adopting an ecological network perspective, these spaces serve different 
functional roles: core habitats supporting populations (e.g., public parks and private gardens) as well 
as corridors and stepping stones that facilitate species movement between core habitats (e.g., tree lined 
avenues and flowerbeds). 

Promoting a transition toward more natural endpoints requires targeted management, as many urban 
spaces often face a high risk of ecological collapse. Conservation, restoration or rehabilitation can be 
viewed as possible management strategies for urban green spaces, in order to foster their auto-
organisation and maintenance capability. We implemented an indicator-based protocol to guide these 
management decisions by assessing three key indices: ecological vulnerability, human pressure, and 
ecological value. 

The framework was applied to 92 green spaces in Treviso (North-East Italy), integrating 15 
indicators. Our results revealed that core areas (large urban parks) and corridors (linear connecting 
elements) entail the highest levels of ecological value. Core areas exhibited lower vulnerability due to 
their greater size and capacity to mitigate external pressures, while corridors showed high ecological 
value primarily derived from their integration with blue infrastructure. Conversely, stepping stones 
displayed higher levels of pressure and vulnerability, related to their placement within the dense urban 
matrix and their function for daily public use.  

The protocol translates these findings into site-specific actions: conservation and restoration are 
recommended for core areas and corridors, while stepping stones primarily require rehabilitation. This 
framework can serve as a replicable, robust decision-support tool, aligning local management with 
international initiatives like the EU Nature Restoration Law, and ensuring the continuous biodiversity 
support and benefits provision of urban landscapes. 
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Mitigation of urban air pollution caused by vehicle and industrial activities is urgently needed to 
reduce harmful impacts on human health and ecosystems. In this context, plants are effective agents 
of pollution mitigation, acting as bioaccumulators of gaseous hydrocarbons and particulate matter 
(PM10, PM2.5) through stomatal uptake and leaf deposition. The phyllosphere microbiota (i.e., 
microbial communities on leaf surfaces) enhance air pollutants removal through adsorption and 
biodegradation, utilizing atmospheric contaminants as nutrient sources [1]. Beyond phyllosphere, 
every plant compartment hosts a dynamic microbiota that modulates plant physiology and fitness. 
Among the beneficial relationships, arbuscular mycorrhizal (AM) symbiosis, legume-nitrogen fixing 
symbiosis and plant growth-promoting (PGP) bacteria interactions are the most widespread. Based on 
these principles, the project ECOROADS (funded under the PON Research and Innovation program 
and led by ANAS S.p.A.), aims to reduce noise and air pollution generated by vehicles through a 
multifunctional and bioengineered anti-noise road barrier, to be built in Sicily as a prototype. To this 
aim, local plant species inoculated with their microbial symbionts will be integrated into the core of 
the noise barrier and placed along the adjacent slope in a high-traffic road, near sensitive sites. The 
barrier will host a selection of Mediterranean plants characterized by specific functional traits: shrubs 
and small trees (e.g., Myrtus communis), nitrogen-fixing legume shrubs (e.g., Anagyris foetida, 
Spartium junceum), and aromatic plants (e.g., Salvia rosmarinus, Thymus capitatus). The adjacent 
slope will be also planted and reinforced with structural trees (e.g., Fraxinus ornus and Quercus ilex). 
The phyllosphere of the plants will be harnessed through the application of selected drought tolerant 
hydrocarbon-degrading actinobacteria [2]. To enhance plant survival and resistance against extreme 
environmental conditions of the barrier, each plant rhizosphere will be boosted through the inoculation 
of PGP microorganisms sourced from the MIRRI-UNIPA collection or provided by specialized 
collections. Moreover, the rhizosphere of Mediterranean legumes will be inoculated with indigenous, 
nitrogen-fixing rhizobia [3] and AM fungi that successfully promoted plant growth in anthropogenic 
soils [4]. Aromatic shrubs will be inoculated with AM fungi and PGP actinobacteria, whose efficacy 
was previously demonstrated on Mediterranean crops and aromatics [5]. Together, these specific 
microbial inoculants will enable the integrated system to function as an active biological filter, 
transforming traditional road barriers into a sustainable solution for air purification. 

1) Franzetti A. et al., 2020. Plant-microorganisms interaction promotes removal of air pollutants in Milan (Italy) urban
area. Journal of Hazardous Materials, 384.

2) Quatrini P. et al., 2008. Isolation of Gram‐positive n‐alkane degraders from a hydrocarbon‐contaminated Mediterranean
shoreline. Journal of Applied Microbiology, 104.

3) Cardinale M. et al., 2008. Diversity of rhizobia nodulating wild shrubs of Sicily and some neighbouring islands. Arch
Microbiol., 190.;

4) Quatrini P. et al., 2003. Microbial Inoculants on Woody Legumes to Recover a Municipal Landfill Site. Water, Air, &
Soil Pollution: Focus 3.;

5) Faddetta T. et al., 2023. Bioactive Metabolite Survey of Actinobacteria Showing Plant Growth Promoting Traits to
Develop Novel Biofertilizers. Metabolites, 13: 374.
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Urbanisation is a major driver of natural habitat loss and degradation, contributing to global 
biodiversity decline. Yet, urban areas can still support significant biodiversity and provide key 
ecosystem services, including climate regulation, air purification, and recreation at the local scale. To 
enhance these benefits, a restoration programme was initiated in 1990 in an urban park in Bologna 
(Italy), where 200 trees of 20 species were planted over an area of ca. 1700 m2. Since then, the site has 
been managed passively, allowing natural succession to proceed without further intervention. Using 
this case study, we examined the changes in the plant community over 35+ years. Specifically, we 
investigated: i) temporal changes in species richness and alien species incidence, ii) the extent to which 
vegetation change was driven by succession and/or climate change, and iii) the development of forest 
structure and the accumulation of aboveground carbon. 

Between 1990 and 2025, we resurveyed the site’s flora 20 times, and a 10 × 10 m permanent 
vegetation plot eight times. We monitored the change of species richness over time, also decomposed 
across growth forms, native or alien status, and affinity to forest conditions. To assess changes in local 
environmental conditions, we analysed Ellenberg’s Indicator Values (EIV) for temperature, light, and 
moisture. To determine whether and when the habitat changed, we classified the vegetation plot data 
according to the EUNIS ESy habitat classification [1]. Finally, we measured all tree diameters greater 
than 10 cm in 2025 and used allometric equations to estimate the total aboveground biomass of the 
area. 

Species richness remained relatively stable over time, averaging 64 species, despite temporal 
fluctuations. In contrast, the proportion of alien species increased, reaching 14%. The proportion of 
forest species and phanerophytes increased, indicating a shift from open vegetation towards closed 
forest. EIVs showed declining light and increasing moisture and temperature. The vegetation plot was 
first classified as temperate hardwood riparian forest (T13) in 2004 and later shifted to mediterranean 
riparian forest (T14) in 2024. Aboveground biomass reached 140 Mg/ha in 2025. 

Overall, the successional processes kept species richness constant while substantially changing the 
community composition and structure. Forest habitat conditions were reached 14 years after restoration 
began, and after 35 years the site supported aboveground biomass exceeding the regional forest 
average. In conclusion, these results indicate that restoration in urban contexts can promote the 
recovery of biodiversity and associated ecosystem services, while allowing the development of forest 
conditions within just 35 years. 
 
1) Chytrý M., Tichý L., Hennekens S.M., Knollová I., Janssen J.A.M., … Schaminée J.H.J., 2020. EUNIS Habitat 

Classification: expert system, characteristic species combinations and distribution maps of European habitats. Applied 
Vegetation Science, 23: 648–675. 
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Chamaerops humilis L. is a characteristic western Mediterranean species of scrub, garrigue and 
woodland communities, particularly common in Sicily and Sardinia. Although not currently classified 
as threatened, its habitats are increasingly affected by land-use changes, recurrent fires, biological 
invasions and landscape fragmentation. Within the ChAMPION project, this study investigates 
whether fragmentation represents a relevant pressure on the floristic diversity of Chamaerops humilis 
communities in the two major Italian islands. 

Phytosociological data were extracted from the VegItaly database and included 320 vegetation plots 
from Sicily and Sardinia, documenting 421 plant species and 27 syntaxa. Floristic diversity was 
assessed at plot, syntaxon and ecoregional levels using species richness, Shannon index, Simpson 
index and Pielou’s evenness. Landscape fragmentation was analysed using the Italian Habitat Map, 
rasterised at 25 m resolution, and quantified through metrics calculated with the landscapemetrics 
package in R. In addition, 1-km buffers around each plot were used to relate floristic composition and 
diversity to the surrounding landscape structure. Non-metric multidimensional scaling (NMDS), 
combined with the envfit function, was applied to evaluate relationships between fragmentation 
metrics and floristic gradients. 

At the ecoregional scale, fragmentation indices showed different spatial patterns between Sicily and 
Sardinia, with Sicilian areas generally displaying higher fragmentation. However, correlations between 
fragmentation and biodiversity indices were weak and not statistically significant. At the plot scale, 
NMDS results suggested that higher patch subdivision may be associated with increased alpha and 
beta diversity, whereas more connected and compact landscapes were related to communities with 
lower floristic diversity. 

Overall, the results suggest that fragmentation does not necessarily correspond to a decline in 
floristic diversity in Chamaerops humilis communities. Instead, moderate fragmentation may favour 
the coexistence of species from different seral stages and edge habitats, highlighting the need to 
distinguish between anthropogenic fragmentation and natural Mediterranean landscape heterogeneity. 
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Photovoltaic installations represent a rapidly expanding feature of the Mediterranean landscape, with 
effects on local plant biodiversity that remain poorly understood [1]. Solar panels alter local 
microclimatic conditions such as light, temperature and soil moisture [2] which can influence the 
floristic composition of plant communities [2]. This work presents preliminary results of a 
phytosociological study carried out in four photovoltaic installations in Sicily, characterised by 
different structural and management types: two agriphotovoltaic installations with high-stature panels 
and two conventional installations with low-stature panels on fallow land under periodic management 
through mowing and herbicide application. Vegetation surveys were carried out according to the 
Braun-Blanquet method in autumn 2025 and spring 2026, in three distinct microhabitats: beneath the 
panels, in the inter-row spaces and outside the installation, for a total of 21 relevés. Notably, in one of 
the conventional installations, a comparison between the ante and post operam situation will be 
possible, as the autumn relevés were carried out before panel installation and the spring relevés 
approximately three months after their placement. Previous studies conducted in Mediterranean 
installations have shown that plant communities in early successional stages may require a long time 
to respond to the microclimatic modifications induced by the panels, making long-term monitoring 
necessary [3]. An initial comparative analysis revealed that both the position relative to the panels and 
the type of installation influence the composition of plant communities and their floristic diversity. In 
installations with sufficiently elevated panels to ensure shading and adequate air circulation, the 
microclimate modification induced by the panels [4] favoured the establishment of sciaphilous species 
and non-vascular cryptogams. Bryophytes and liverworts were found exclusively in relevés carried out 
beneath the panels and in the inter-row spaces of the high-stature agriphotovoltaic installations and in 
one conventional low-stature installation. The presence of these cryptogams can be interpreted as a 
response to the more humid and shaded environment created by the panels. The preliminary results 
suggest that photovoltaic installations, and particulary agrivoltaic ones with high-stature panels, can 
create favourable microhabitats for the development of differentiated plant communities, although 
floristic composition remains strongly conditioned by the different management practices adopted in 
each installation, with potential implications for biodiversity conservation in intensively managed 
Mediterranean agricultural landscapes. 
 
1) Schwarz R., Ziv Y., 2025. Shedding light on biodiversity: reviewing existing knowledge and exploring hypothesised 

impacts of agrophotovoltaics. Biol Rev.100(2): 855–870. https://doi.org/10.1111/brv.13165 
2) Armstrong A,. Ostle N.J., Whitaker J., 2016. Solar park microclimate and vegetation management effects on grassland 

carbon cycling. Environ Res Lett.,11(7): 074016. https://doi.org/10.1088/1748-9326/11/7/074016  
3) Lambert Q., Bischoff A., Cueff S., Cluchier A., Gros R., 2021. Effects of solar park construction and solar panels on 

soil quality, microclimate, CO₂ effluxes, and vegetation under a Mediterranean climate. Land Degrad Dev., 32(18): 
5190–5202. https://doi.org/10.1002/ldr.4101  

4) Gong W., Zhang L., Gong J., Geng X., Wang L., 2025. Regulatory effect of agriphotovoltaic systems with different 
panel heights on the thermal environment. Sci Rep.,15:96166. https://doi.org/10.1038/s41598-025-96166-5  
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The inner areas of the central and southern Apennines exhibit a high degree of vegetation diversity due 
to the coexistence of particularly varied lithological, orographic and bioclimatic features. The Molise 
region is located at the boundary between the central and the southern Apennines. It is the second 
smallest region in Italy and one of the least densely populated. In fact, it doesn’t boast any large centers 
while its distant location from the main Peninsular Italy communication routes isolated this land from 
the great trade flow since the pre-unification age. As a result, the local population, especially focused 
on breeding and agriculture and transhuman pastoralism, became the main occupation from the 6th 
century B.C. until the end of the 1900s. The socio-economic changes of recent decades and the 
progressive depopulation of rural areas are undermining the consolidated and balanced conservation-
management system based on traditional land use practices which had contributed to protecting 
ecosystems. The abandonment of pastures is leading to a rapid recolonization of the Apennine 
grasslands by shrub and forest species, with the consequent reduction of open areas and 
impoverishment in the herbaceous specific component. This is a great problem in terms of high-value 
biodiversity safeguard, as the grassland ecosystems host a high number of rare species and taxa of 
biogeographical interest, including several endemics. At present, the “Alto Molise” landscape acta 
heterogeneous vegetation mosaic. The natural potential vegetation (NPV) is mainly composed of 
Turkey oak woods belonging to the Crataego laevigatae-Quercion cerridis Arrigoni 1997 in the sub-
montane belt and of beech wood of Geranio versicoloris-Fagion Gentile 1970 in the montane belt. 
The secondary grasslands cover a significant area. Three main groups of grassland communities have 
been identified: a) thermophylous submontane Bromopsis erecta dry grasslands (Phleo ambigui-
Bromenion erecti Biondi, Allegrezza & Zuccarello ex Di Pietro 2011) and Brachypodium rupestre 
semi-mesophylous grasslands (Polygalo mediterraneae-Bromion erecti (Biondi et al. 2005) Di Pietro 
in Di Pietro et al. 2015 ) belonging to the Habitat 6210* b) dry grasslands of montane ridges and rocky 
slopes belonging to Seslerio-Caricion macrolepidis Ubaldi 1997 and Seslerion apenninae Bruno & 
Furnari 1966 ; c) wet mesophilous (hay) meadows belonging to Ranunculo neapolitani-
Arrhentatherion elatioris Allegrezza & Biondi 2011, Cynosurion cristati Tüxen 1947, Ranunculion 
velutini Pedrotti 1976 included in Habitat 6510 (Lowland hay meadows (Alopecurus pratensis L. 
subsp. pratensis, Sanguisorba officinalis L.). Among the species of conservation interest, we point out 
Himantoglossum adriaticum H. Baumann, which in some grassland types occurs with a high number 
of individuals. Among the conservation measures for the semi-mesophilous grasslands, actions should 
be taken to reduce the mulch layer caused by Brachypodium rupestre. 
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Understanding how spatial grain size and sampling design influence biodiversity patterns is essential 
for correctly interpreting plant diversity along elevational gradients. While elevational gradients are 
widely used as natural laboratories to study biodiversity responses to environmental change, the extent 
to which observed patterns depend on the spatial scale of observation remains insufficiently explored. 
In this study, we investigated the effects of spatial grain size and nested sampling design on plant 
diversity patterns in the Central Apennines (Italy), along a continuous elevational gradient ranging 
from 1,100 to 2,486 m a.s.l. Plant presence/absence data were collected from 83 randomly selected 
plots using a nested design that incorporated seven grain sizes, spanning from 0.25 × 0.25 m to 16 × 
16 m. This hierarchical structure allowed us to examine how diversity components scale within the 
same spatial locations, thereby minimizing confounding effects related to site selection. We quantified 
alpha, beta, and gamma diversity at both the nested-plot and grain-size levels and analyzed their 
variation along the elevational gradient. Gamma diversity was estimated within 100-m elevational 
bands by aggregating species occurrences across plots and grain sizes, while beta diversity was 
calculated using Sørensen dissimilarity among plots and grain sizes within elevational bands. Spatial 
grain size had a strong and consistent influence on observed diversity patterns. Alpha diversity 
exhibited a clearer and more consistent decline with increasing elevation at larger grain sizes, whereas 
patterns at finer grains were more variable, likely reflecting increased sensitivity to microhabitat 
heterogeneity and local stochasticity. Similarly, gamma diversity increased with grain size due to 
species accumulation but showed a marked decline with elevation, indicating a reduction in the 
regional species pool at higher altitudes. In contrast, beta diversity remained relatively stable along the 
elevational gradient but decreased systematically with increasing grain size. This decline likely reflects 
a scale-dependent reduction in compositional dissimilarity driven by spatial averaging, whereby larger 
sampling units integrate a greater proportion of shared species and reduce the relative contribution of 
rare or spatially restricted taxa. Our findings demonstrate that commonly reported elevational diversity 
patterns are not fixed properties of ecological systems but emerge from the interaction between spatial 
scale and underlying ecological processes. In particular, the stability of beta diversity along elevation, 
contrasted with its sensitivity to grain size, suggests that part of the observed variation in community 
composition may be attributed to sampling geometry rather than ecological turnover alone. The nested 
sampling approach applied here provides a robust framework for disentangling scale-dependent effects 
and offers a powerful tool for testing ecological hypotheses across environmental gradients. More 
broadly, our results highlight the importance of explicitly accounting for spatial grain size in 
biodiversity assessments, especially when comparing patterns across studies or informing conservation 
strategies based on multi-scale data. 
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National parks play a key role in biodiversity conservation by protecting species and habitats while 
supporting the collection of ecological data. Structured vegetation databases provide a solid foundation 
for environmental management, long-term monitoring, and scientific research. Here we present the 
vegetation database of the Gran Paradiso National Park, Italy's first national park, established in 1922. 
Located in the Graian Alps, the park spans approximately 71,000 hectares across the Aosta Valley and 
Piedmont regions. Characterized by a massive elevational gradient (800–4,061 m a.s.l.) and complex 
geology, it supports a mosaic of habitats ranging from mixed broadleaf-conifer forests to alpine 
grasslands and nival pioneer communities. Consequently, the park hosts a high floristic diversity, 
including over 1,100 vascular plant species and more than 500 bryophytes, with over 80 Alpine 
endemics and more than 40 species of conservation interest. This database integrates decades of 
botanical research, spanning from 1970 to 2023, through structured field surveys and targeted research 
projects. Vegetation was sampled using different methodologies, including traditional 
phytosociological relevés, point-quadrat, pin-point and linear methods. To ensure consistency and 
interoperability, all records were georeferenced and harmonized by converting diverse abundance 
scales into standardized percentage cover values. The database comprises four interconnected tables: 
a species information table; a species-by-relevé matrix; a relevé metadata table incorporating plot-level 
variables; and a formalized EUNIS habitat classification utilizing an R-based expert system. The 
database includes 860 taxa (816 vascular plants and 43 bryophytes) recorded across 1,203 plots, largely 
collected in high-elevation environments above 2,000 m a.s.l. Notably, nearly 7% of these taxa are 
Alpine endemics, and more than 100 species are assigned to regional, national, or European 
conservation categories. Most relevés were successfully assigned to an EUNIS habitat category, with 
a dominance of grasslands (N = 888), followed by wetlands (Q), sparsely vegetated inland habitats 
(U), heathlands (S), and forests (T). This database provides a robust baseline for ecological research 
and long-term ecosystem monitoring. By offering high-resolution data on community composition, it 
facilitates evidence-based conservation strategies, restoration planning, and habitat management. 
Ultimately, these standardized data enable large-scale comparative studies and offer crucial insights 
into alpine vegetation dynamics under the synergistic pressures of climate change and shifting land-
use patterns. 
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Traditional wood-pastures are agroforestry systems shaped by long-term low-intensity 
management. However, the relative importance of drivers of plant diversity and forage quality 
operating at different spatial scales in these systems remains poorly understood. We investigated 30 
traditional wood-pasture sites in Transylvania (Romania) by integrating drivers i) at the large-scale: 
historical Corona satellite imagery from 1964, contemporary land-cover data, and CHELSA climatic 
data; ii) at the intermediate-scale: tree and woody configuration; and iii) at the fine-scale: soil surveys. 
We evaluated the interaction among landscape structure, site factors, plant diversity and pastoral value. 
We measured long-term changes in land use and woody cover across spatial scales of wood-pasture 
mosaics. Using linear models, we quantified the multi-scale environmental determinants on plant 
taxonomic and functional diversity, and forage quality of the wood-pastures. 

Landscape structure remained largely stable over six decades, although woody cover declined at 
most sites, indicating intermediate-scale structural change within a persistent land-cover mosaic. 
Climatic conditions such as aridity increased forage quality and functional richness of height and 
specific leaf area, while soil carbon enhanced species richness and leaf-trait diversity. Woody cover 
promoted species richness but reduced forage quality, revealing a structural trade-off between 
biodiversity and palatability. Landscape-scale land-use change had comparatively weaker effects on 
functional composition. Variation partitioning showed that biodiversity facets respond differently: 
forage quality to climate-structure interactions, taxonomic and height diversity to land use, and leaf 
and seed traits explained more weakly to all predictors. These results indicate hierarchical 
environmental filtering, whereby regional climate and local habitat structure constrain community 
assembly more strongly than landscape composition. Our findings about this traditional 
multifunctional landscape highlight that conserving and restoring wood-pasture functionality requires 
management practices that optimise woody cover, grazing intensity, and soil quality. 
  



 

 

63 

CONTRASTING FUNCTIONAL TRAIT SPACES OF ARABLE WEEDS IN ANNUAL AND 
PERENNIAL EUROPEAN AGROECOSYSTEMS 

 
La Bella G.1,2, Frelat R.1, Bopp M.2, Barkaoui K.3,4, Bastin S.5, Bernadas G.6, Bürger J.7, Cambecèdes J.6, 

Cordeau S.8, Genty L.5, Giffard B.9, Juárex A.10, Leclef N.11, Martin-Lefevre L.12, Metay A.13, Metcalfe H.14, 
Michelot-Antalik A.15, Ricci B.13, van Mesdag S.14, Winter S.16, Fried G.17, Kazakou E.18 

1 CESAB, 5 Rue de l’École de Médecine, 34070, Montpellier, France; 2 Agroécologie, INRAE, Institut Agro, University of Bourgogne, 
University of Bourgogne Franche-Comté, Dijon, France; 3 CIRAD, UMR AMAP, Montpellier F-34398, France; 4 AMAP, Univ 
Montpellier, CNRS, CIRAD, INRAE, IRD, Montpellier, France; 5 Agence Nationale de Sécurité Sanitaire de l'Alimentation, de 
l'Environnement et du Travail, 14 Rue Pierre et Marie Curie, 94700 Maisons Alfort, France; 6 Conservatoire botanique national des 
Pyrénées et de Midi-Pyrénées, Vallon de Salut - BP 70315 - 65203 Bagnères-de-Bigorre Cedex; 7 Landscape Ecology, J.-v.-Liebig-
Weg 6, University of Rostock, 18057 Rostock, Germany; 8 Université de Bourgogne Europe, Institut Agro Dijon, INRAE, UMR 
Agroécologie, Dijon, France; 9 UMR 1065 Santé et Agroécologie du Vignoble, INRAE - Centre de Recherches de Bordeaux-Nouvelle 
Aquitaine, 71 avenue Edouard Bourlaux, CS 20032, 33882 Villenave-d'Ornon cedex, France;10 Departament de Ciència i Enginyeria 
Forestal i Agrícola. Universitat de Lleida-Agrotecnio centro CERCA. Av. Rovira Roure, 191, 25198, Lleida, Spain; 11 Biodiversity, 
Ecosystem and Landscape, TERRA Research Centre, Gembloux Agro-Bio Tech, University of Liège, Passage des Déportés 2, 5030 
Gembloux, Belgium; 12 Institut Agro Montpellier, Centre d’Ecologie Fonctionnelle et Evolutive, UMR 5175, Montpellier, France; 13 

ABSys, Univ Montpellier, CIHEAM-IAMM, CIRAD, INRAE, Institut Agro, Montpellier F-34060, France; 14 Rothamsted Research, 
Harpenden, Hertfordshire, AL5 2JQ, United Kingdom; 15 Université de Lorraine, INRAE, LAE, F-54000 Nancy, France; 16 Institute 
of Plant Protection, Department of Agricultural Sciences, BOKU University, Vienna, Austria 

17 ANSES, Plant Health Laboratory, Entomology and Botany Unit, 755 Avenue du Campus Agropolis, F-34998, Montferrier-sur-Lez, 
France; 18 CEFE, Univ Montpellier, CNRS, EPHE, IRD, Institut Agro, Montpellier, France 
 
Presenting author: Greta La Bella, greta.labella@fondationbiodiversite.fr 
Keywords: functional traits, functional space, agroecosystems 

 
Understanding how agricultural systems filter plant functional strategies is essential for predicting 

the response of weed communities to agricultural practices and environmental change. In particular, 
annual and perennial agroecosystems impose contrasting soil disturbance regimes, resource dynamics, 
and temporal continuity, selecting for species with different functional characteristics. However, a 
comprehensive trait-based comparison of weed communities across these systems at the European 
scale is still lacking. 

Here, we compiled and harmonised a large functional trait dataset covering 2363 spontaneous plant 
species across European agroecosystems, including annual arable crops and perennial systems. The 
dataset captures key dimensions of plant ecological strategies, including traits related to resource 
acquisition and conservation (e.g., plant height, specific leaf area, leaf dry matter content), regeneration 
and dispersal (e.g., seed mass, dispersal distance), as well as reproductive and phenological 
characteristics (e.g., flowering onset and duration). Using this dataset, we quantified and compared the 
functional trait space occupied by weeds in annual versus perennial agroecosystems. We first used 
PCA ordination to characterise the main axes of functional variation across species and interpret them 
in relation to plant ecological strategies. We then used a hypervolume framework to estimate the extent, 
position, and overlap of the functional spaces associated with each cropping system, in order to assess 
differences in functional breadth, centroid location, and the degree of unique versus shared trait space. 

We found a clear differentiation in the functional space, indicating that annual and perennial 
agroecosystems select distinct, though partially overlapping, sets of functional strategies. These 
patterns reflect the contrasting ecological filters imposed by frequent soil disturbance in annual crops 
and by greater temporal continuity in perennial systems. This study provides the first large-scale, trait-
based comparison of weed functional strategies across major agroecosystem types in Europe, 
highlighting how agricultural management shapes plant functional composition and diversity.  
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Urban reforestation and afforestation are increasingly recognized as key strategies to enhance 
ecosystem services, climate resilience, and biodiversity conservation in cities at both Italian and 
European levels, as highlighted by initiatives promoted by the National Biodiversity Future Center 
(NBFC). In the perspective of developing common national guidelines and promoting reforestation 
through the selection of plant species based on ecological and physiological criteria, a comprehensive 
list of species has been compiled. 

From an ecological perspective, leaf functional traits provide valuable insights into plant responses 
to environmental and climatic conditions, supporting the identification of species best suited to the 
heterogeneous urban environments of the Italian peninsula. To address the current knowledge gap, and 
to provide a comprehensive overview of the available literature, a first systematic study focusing on 
root traits has been recently conducted Fantozzi et al. [1]. However, for the same set of species, the 
state of knowledge regarding aboveground traits, particularly leaf functional traits, remains poorly 
explored. 

Therefore, this study aims to assess the current state of art, of the scientific literature on leaf 
functional traits for 136 plant species (including 79 trees and 57 shrubs) included in the “Urban and 
extra-urban afforestation plan” [2]. A systematic literature search was conducted over the period 2000–
2025 using Web of Science. The search was focused on four widely used leaf traits: Specific Leaf Area 
(SLA), Leaf Mass per Area (LMA), Leaf Dry Matter Content (LDMC), and Leaf Area (LA). A query 
string was developed following this structure: species scientific name OR English common name AND 
leaf OR leaves AND leaf trait* OR leaf-specific trait*. The search was performed within TOPIC, 
TITLE, and ABSTRACT fields to maximize article retrieval. 

A total of 830 articles were identified, of which 148 were excluded after screening. Overall, 539 
articles were retained for analysis, while 131 are currently under validation. At present, 105 species 
have been covered, with a total of 191 leaf traits recorded across the literature. The statistical analysis 
of the dataset is ongoing. The study follows a systematic review approach, and further refinement 
according to PRISMA guidelines is in progress.  
  



 

 

65 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Poster Session 3 – Habitat conservation: assessment, 
monitoring and trends 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  



 

 

66 

GERMPLASM BANKING AND LIVING COLLECTIONS FOR PLANT SPECIES AND HABITAT 
CONSERVATION: EXPERIENCES FROM THE LIFE IMAGINE PROJECT 

 
Bonini F.1, Grassi A.1, Cinti E.1, Maovaz M.1,2, Micucci M.1,2, Montanucci A.1,2, Negri V.1, Raggi L.1, Sayde 

E.1, Zucchini C.1, Gigante D.1 

1 Department of Agricultural, Food and Environmental Sciences, University of Perugia, Borgo XX Giugno 74, 06121 Perugia (Italy) 
2 C.A.M.S.and Botanical Garden, University of Perugia, Borgo XX giugno 74, 06121 Perugia (Italy) 
 
Presenting author: Federica Bonini, federica.bonini@unipg.it 
 
Keywords: ex situ conservation, Habitats Directive, biodiversity conservation 
 

The conservation of plant species and habitats of Community interest requires integrated strategies 
combining in situ and ex situ approaches. Within the framework of the LIFE Integrated Project 
“IMAGINE” (LIFE19 IPE/IT/000015), several concrete actions have been implemented in Umbria 
(Central Italy) to support the conservation of five plant species listed in Annexes II and IV and seven 
habitat types of Annex I of the Habitats Directive (92/43/EEC). 

Target species include Adonis distorta, Himantoglossum adriaticum, Ionopsidium savianum, Iris 
marsica and Klasea lycopifolia* (*priority species), together with several “habitat-key” species 
selected for the reinforcement of Annex I habitats 3130, 3170*, 6110*, 6210(*), 6220*, 6230* and 
6510. Following demographic surveys and authorization from the Ministry for Ecological Transition, 
seeds, propagules and living individuals were collected from spontaneous populations occurring in 
Apennine sites of the Umbria region. 

Ex situ conservation activities, developed in the frame of Action C.13, included the collection, 
cleaning, drying, germination testing and long-term storage of seeds in the DSA3 Germplasm Bank 
(FAO_ITA 363). Living collections of selected taxa were also established in the Botanical Garden of 
the University of Perugia, where dedicated flowerbeds were created: i) the Klasea lycopifolia 
flowerbed, including 36 individuals derived from transplanted seedlings obtained from the germination 
tests of seed collected in natural populations of Mt. Faeto and Mt. Pennino; ii) the living collection of 
the endemic Iris marsica, established from rhizomes collected from all nine known sites of occurrence 
in the Umbria region; iii) the “Apennine flowerbed”, a 4 m2 reconstruction of a semi-natural grassland 
of habitat 6210* using selected typical species (e.g. Bromopsis erecta, Phleum hirsutum subsp. 
ambiguum, Stipa dasyvaginata subsp. apenninicola, Festuca laevigata, Anacamptis morio), also 
including individuals of Himantoglossum adriaticum and Ionopsidium savianum; iv) the “Sedum 
flowerbed”, where individuals of Petrosedum rupestre, Sedum album and S. sexangulare were 
transplanted to recreate a patch of the priority habitat 6110*. The maintenance of these living 
collections at the Botanical Garden allows a yearly storage of seeds in the DSA3 Germplasm Bank, 
enables phenological and morphological observations, genetic studies, and also contributes to raising 
public awareness of plant and habitat conservation. 

These collections represent a key component of long-term conservation strategies, acting as ex situ 
repositories that ensure the persistence of target taxa in the event of population decline or local 
extinction in natural habitats, and providing material for potential reinforcement or reintroduction 
actions. 

The LIFE IMAGINE experience highlights the key role of Botanical Gardens and Germplasm 
Banks as complementary tools for biodiversity conservation, bridging scientific research, habitat 
management and public awareness. 
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The Nebrodi Mountains represent the largest mountain system in Sicily and one of the main 
biodiversity hotspots in the central Mediterranean, hosting an extensive network of Natura 2000 sites 
characterized by habitats and species of Community interest. The update of the Nebrodi Mountains 
Management Plan was developed with the aim of ensuring the maintenance and restoration of a 
favourable conservation status for habitats and species protected under the Habitats Directive 
(92/43/EEC) and the Birds Directive (2009/147/EC), integrating ecological, socio-economic and 
management aspects. 

The area includes priority forest habitats, mountain grasslands, wetlands, riparian ecosystems and 
rocky environments that host numerous endemic and threatened plant taxa. Of particular conservation 
importance is Petagnaea gussonei, an endemic species exclusive to the Nebrodi Mountains and listed 
in Annexes II and IV of the Habitats Directive. Its conservation status is currently unfavourable due to 
habitat fragmentation, water abstraction, agricultural pressures, and disturbance caused by both wild 
and domestic animals. 

The Management Plan identifies numerous pressures and threats affecting the conservation of 
habitats and species, including excessive populations of wild boar and other alien species, the spread 
of invasive species, abandonment of traditional agro-silvo-pastoral practices, wildfires, habitat 
fragmentation, degradation of wetland environments, unregulated tourism, the effects of climate 
change, and the lack of long-term monitoring programmes. These factors compromise ecosystem 
functionality, reduce ecological connectivity, and threaten the survival of endemic and rare species. 

The proposed conservation strategies are based on an integrated approach that combines habitat 
restoration, land-use regulation, invasive species control, active habitat management, ecological 
monitoring, and the involvement of local stakeholders. Priority actions include the restoration of 
degraded habitats, protection of ecological corridors, conservation of wetlands and spring ecosystems, 
mitigation of impacts caused by wild boar, monitoring of habitats and priority species, reinforcement 
of threatened plant populations, and the implementation of environmental education programmes. 

Particular attention is also devoted to the adoption of adaptive management measures aimed at 
increasing ecosystem resilience to climate change, while promoting economic activities compatible 
with the conservation objectives of the Natura 2000 network. The integration of conservation measures 
with territorial planning instruments and with Natura 2000 Prioritized Action Frameworks (PAFs) 
represents a strategic element for ensuring the long-term effectiveness of the Management Plan. 

The Nebrodi Mountains Management Plan therefore constitutes an operational model for the 
conservation of habitats and endemic biodiversity in Mediterranean mountain ecosystems, contributing 
to the achievement of European biodiversity and environmental sustainability objectives and 
strengthening the ecological resilience of the territory. 
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The climate change adaptation strategy of the Municipality of Brescia includes the "construction of 
experimental green roofs and tools for their dissemination" (“Filo Naturale” Project Action A2.2, co-
funded by Fondazione Cariplo and Regione Lombardia). Action A2.2 involved the creation of 
extensive green roofs according to UNI 11235:2015 standards, featuring an 8 cm substrate planted 
with the "Sedum italicum collection, Paradello Gardens"—a mix of Sedum species (S. acre, S. album 
'Coral Carpet', S. floriferum, S. lydium, S. reflexum, S. repens, S. selskianum, S. spurium 'Red' and 
'Tricolor'). 
To evaluate the establishment success of xeric grassland species under different irrigation regimes, 
two experimental plots were established: the first without irrigation, while the second was irrigated 
every three days (approximately 30 minutes per session). In February 2025, eighteen species from the 
prealpine xeric grasslands surrounding Brescia (6210* 92/43/EEC, [1]) were planted in both plots. 
Species were selected based on vegetation surveys (frequency, dominance, and ecological preferences 
[2]) and availability in local nurseries. Selected species included Artemisia alba, Bromus erectus, 
Chrysopogon gryllus, Melica ciliata, Teucrium chamaedrys, Thymus pulegioides s.l., Helianthemum 
nummularium, Euphorbia cyparissias, Stachys recta, Galium lucidum, Centaurea maculosa, 
Potentilla pusilla, Globularia punctata, Allium sphaerocephalon, Koeleria pyramidata, Petrorhagia 
saxifraga, Salvia pratensis, and Sanguisorba minor. 
Three months after planting, survival rates for sixteen species were above 70%, with the exception of 
Euphorbia cyparissias and Stachys recta. However, by August 2025 (six months post-planting), 
survival rates above 50% were observed only in the irrigated plots for species such as Koeleria 
pyramidata, Petrorhagia saxifraga, Bromus erectus, Thymus pulegioides s.l., Artemisia alba, 
Centaurea maculosa, Globularia punctata, and Allium sphaerocephalon. 
As demonstrated by Salchegger [3], extensive green roofs with shallow substrates are highly selective 
habitats for vascular plants. In this study, survival rates in non-irrigated plots during the first summer 
were significantly lower, with all aerial parts drying out. Consequently, supplemental irrigation 
appears essential during the establishment phase for these specific xeric species. Furthermore, planting 
seedlings in autumn to coincide with peak rainfall [4] is likely preferable to foster a more robust root 
system capable of withstanding summer drought and high temperatures. 
 
1) Bonari G., Dalle Fratte M., Lonati M., Caccianiga M., Lasen C., Armiraglio S., Barcella M., Buffa G., Cerabolini 

B.E.L., Mainetti A., Miserere L., Oriolo G., Selvaggi A., 2023. Habitats Directive in northern Italy: a series of proposals 
for habitat definition improvement. Plant Sociology, 60(1): 67–89. https://doi.org/10.3897/pls2023601/06. 

2) Landolt E., Bäumler B., Erhardt A., Hegg O., Klötzli F., Lämmler W., Nobis M., Rudmann K., Schweingruber F.H., 
Theurillat J.-P., Urmi E., Vust M., Wohlgemuth T., 2010. Flora indicativa. Ökologische Zeigerwerte und biologische 
Kennzeichen zur Flora der Schweiz und der Alpen. Verlag Haupt, Bern, 376 S. 

3) Salchegger H., Kompatscher P., Hilpold A., 2026. 20 years of extensive green roof research. Laimburg Journal, 
08/2025. https://doi.org/10.23796/LJ/20.26.003. 

4) Armiraglio S., Andreoli S., Lipreri E., Lombardi L., Ferrari M., 2023. Lineamenti della vegetazione della Valle del 
Carobbio (Lombardia, Brescia): 39-60. In: Armiraglio S. e Schirolli P. (Editors), 2023. Geobiodiversità della Valle del 
Carobbio (Alpi Meridionali, Italia, Brescia). Monografie di Natura Bresciana, Mus. Civ. Sc. Nat. Brescia,34: 240 pp. 	
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Woodwardia radicans (L.) Sm. is a relict fern considered one the most ancient species of 
Mediterranean pteridoflora [2]. Currently, it is listed	in	Annexes	II	and	IV	of	the Directive 92/43/CEE 
and Appendix I of the Convention on the Conservation of European Wildlife and Natural Habitats 
(Bern Convention). It has a subtropical and Mediterranean-Atlantic distribution, with a range limited 
exclusively to the Northern Hemisphere [1]. In Italy, its distribution is highly fragmented and linked 
to specific microclimatic conditions. In this study potentially suitable habitats for Woodwardia 
radicans are identified and analyzed the parameters of its growth range to define limiting factors for 
the species. Presence data of Woodwardia radicans were processed with bioclimatic variables (19 in 
total) to obtain a Species Distribution Model (SDM) with high-resolution topographic data (slope and 
aspect) to characterize the environmental background. The model identified potentially suitable 
habitats mainly in the deep valleys of Southern Italy, including Sardinia and some areas of Corsica. 
Annual precipitation and temperature of the coldest month appear to be the primary limiting climatic 
factors. According to the model results, its optimal growth range is characterized by annual 
precipitation levels between 750 and 900 mm and an inclination of about 15-25°. Furthermore, a 
significant correlation was found between low precipitation and high slope values, suggesting that deep 
valleys are microclimatic refuges for the species. Our findings suggest that W. radicans can be 
considered a stenoecious species, closely connected to constant climate conditions, making it highly 
vulnerable to future climate changes. 
 
1) Caputo G., De Luca P., 1970. Osservazioni sull'ecologia di Woodwardia radicans L. (Sm.) (Filicopsida, Blechnaceae) 
nelle stazioni relitte della Campania. Delpinoa, n.s., 10-11 (1968-1969): 3-15. 
2) Pichi Sermolli R.E.G., 1979. A survey of the pteridological flora of the Mediterranean Region. Webbia, 34(1): 175-
242. 
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The definition of bioclimatic mapping is a cornerstone of ecological planning, though its accuracy 
is heavily dependent on the scale of analysis. In orographically complex territories such as Calabria, 
global models and existing maps—at both the European [1,2] and national scales [3] frequently exhibit 
evident limitations in delineating the actual boundaries of local bioclimates. This study describes the 
criteria and methodologies developed to produce the new Bioclimatic Map of Calabria based on the 
Rivas-Martínez [1] classification system, aimed at resolving inconsistencies in international databases 
and redefining regional bioclimatic belts at a scale of detail suitable for land-use management and 
territorial planning. 

The approach integrated data from a dense station network [4] with a 20-meter Digital Elevation 
Model (DEM). The procedure involved an initial phase of analysis in an ArcMap (Esri) environment 
using the Ordinary Least Squares (OLS) method to model the spatial variability of bioclimatic indices 
as a function of elevation. This analysis defined the statistical response of bioclimates to the altimetric 
gradient and isolated station residuals. Subsequently, the Kriging technique (Geostatistical Analyst) 
was applied to spatialize these residuals, capturing local climatic anomalies not explained by elevation 
alone. To validate the model's accuracy and assess its deviation from global climatic databases, the 
map was compared with a second bioclimatic cartography derived from CHELSA data [5]. While 
CHELSA data offer high-quality global resolution, the comparison highlighted that an approach based 
on local station data and a high-resolution DEM (20m) allows for the correction of significant 
distortions in areas with complex topography. 

Specifically, the analysis identified areas with a Temperate Macrobioclimate and Sub-
Mediterranean variants across all regional mountain massifs, including the Serre and Aspromonte, 
which were previously classified as Mediterranean (Pesaresi et al., 2014). This bioclimatic redefinition 
is fully corroborated by the analysis of current vegetation, specifically the presence of stable forest 
communities dominated by Fagus sylvatica L. and Abies alba Mill., which serve as biological 
indicators of a Temperate Macrobioclimate. The resulting map represents the most accurate tool 
currently available for defining the causal relationships between bioclimate and vegetation series, 
serving as a fundamental support for biodiversity conservation and planning in Calabria. 

 
1) Rivas-Martínez S., Rivas-Sáenz S., Penas A., 2011. Worldwide bioclimatic classification system. Glob Geobot, 1: 1–

634. 
2) Rivas-Martínez S., Penas Á., del Río S., Díaz González T.E., Rivas-Sáenz S., 2017. Bioclimatology of the Iberian 

Peninsula and the Balearic Islands. In: The vegetation of the Iberian Peninsula: Volume 1. Springer International 
Publishing . Cham: 29-80. 

3) Pesaresi S., Galdenzi D., Biondi E., Casavecchia S., 2014. Bioclimate of Italy: application of the worldwide bioclimatic 
classification system. Journal of Maps, 10(4): 538-553. 

4) ARPACAL – Centro Funzionale Multirischi, 2026. Dati meteorologici della rete di monitoraggio regionale della 
Calabria. Agenzia Regionale per la Protezione dell'Ambiente della Calabria. Available at: https://www.cfd.calabria.it/ 
(ccessed on: 03/03/2026). 
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Invasive alien plant (IAP) species are a defining feature of urban floras worldwide, yet their 
ecological role as indicators of environmental transformation remains underexplored. Most studies of 
biological invasions in cities rely on floristic inventories and distribution censuses, documenting which 
species are present rather than asking what their distribution patterns reveal about the environments 
they occupy. This study proposes a shift in perspective: rather than cataloguing invasive aliens as a 
conservation problem, we use them as graded bioindicators of urbanisation intensity along an urban–
rural gradient. Three urbanisation zones were selected for study. In total, six systematic transects were 
established radiating from a dense urban core through suburban and peri-urban zones into the 
surrounding rural landscape. Standardised walkthrough vegetation surveys were conducted at these 
sites recording all vascular plant species and their frequency of occurrence. Each recorded taxon was 
classified as native, non-native non-invasive, or invasive alien using authoritative local databases. 
Landscape-level variables—including percentage of impervious surface cover, and proximity to major 
road networks—were derived and processed in a GIS environment. The analytical framework 
combined three complementary approaches. First, quadratic polynomial response curves were 
modelled for each IAP taxon along a composite urbanisation index (derived from MinMax-scaled 
garden cover, impervious surface, and inverse road distance), characterising each species’ 
“urbanisation niche.” Second, Indicator Species Analysis (ISA) was performed on the invasive alien 
subset across three urbanisation zones (Rural, Peri-urban, Urban, defined by index quartiles), to 
identify species whose presence and abundance are significantly associated with particular levels of 
urban intensity. Third, Redundancy Analysis (RDA) was applied to the Hellinger-transformed IAP 
community matrix constrained by the three remotely sensed landscape variables, to determine which 
spatial drivers best predict invasive species composition along the gradient. 

Results confirm that IAP species do not respond uniformly to urbanisation. RDA showed a globally 
significant relationship between the three landscape variables and IAP species composition (pseudo-F 
= 2.72, p = 0.001), though with modest explanatory power (R² = 0.107, adjusted R² = 0.068). Among 
the individual predictors, road distance was the only statistically significant variable (F = 3.34, p = 
0.008), underscoring the role of road networks as dispersal corridors for alien species. ISA identified 
four significant indicator species: Setaria adhaerens (IndVal = 40.8, p = 0.002), Sinapis alba (IndVal 
= 20.9, p = 0.038), and Cenchrus setaceus (IndVal = 20.5, p = 0.036) were associated with the Peri-
urban zone, while Vitis vinifera (IndVal = 14.7, p = 0.046) was associated with the Urban zone. 
Notably, three of the four significant indicators characterise the Peri-urban transition rather than the 
urban core, suggesting that the rural–urban interface may be a critical zone for IAP establishment. 
Species-specific response curves showed that only Vitis vinifera exhibited a significant individual 
response—a U-shaped curve (R² = 0.146, p = 0.005) indicating higher abundance at both extremes of 
the gradient. This approach offers a novel contribution to invasion ecology and urban biomonitoring. 
By demonstrating that specific IAP assemblages can serve as rapid, cost-effective proxies for 
urbanisation intensity, the study provides a practical diagnostic tool for land managers and urban 
planners. The framework is transferable across biogeographical contexts and opens new avenues for 
integrating invasion science with environmental monitoring in rapidly urbanising landscapes.  

mailto:paola.palii.25@um.edu.mt
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The urban reforestation project “Riforest@graria” is a study model for assessing the effectiveness 
of urban afforestation in Mediterranean environments. The selected area is divided into plots with 
different exposures and site conditions and has been reforested with native tree and shrub species. The 
design simulates both optimal urban management and protection, and conditions with limited control 
of disturbances (e.g., fire, illegal grazing, water deficit) typical of peri-urban and extra-urban areas. 

The study assessed ecosystem responses through multidisciplinary monitoring of: (i) seasonal 
growth dynamics (height, diameter, and plant health); (ii) survival and successional trends; and (iii) 
spontaneous floristic biodiversity. The experimental design included four plots representing main 
exposure conditions. N and NE plots (35.80% of the area) were unfenced, while W and SW plots 
(64.20%) were fenced. 

i) Spring and autumn measurements enabled the assessment of growth increments and summer 
stress effects on planted individuals. Wood structural quality was evaluated using a non-destructive 
ultrasonic method (Fakopp Ultrasonic Timer). A significant correlation between radial growth and 
wave velocity suggests this parameter as a potential early indicator of physiological stress and 
mechanical stabilization during post-planting establishment. 

(ii) First-season results indicate a mean survival rate of 50.25%, reflecting partial establishment 
success. Performance varied markedly across sites and species: critical mortality (>70%) occurred 
under high edaphic and water stress, whereas south-western exposures showed greater resilience 
(≈40% mortality). Species-level analysis highlights the higher ecological plasticity of xerotolerant, 
thermophilous species, such as Olea europaea, Pinus halepensis and Celtis australis, however 
Quercus pubescens exhibited low survival. Overall, the degree of Mediterranean adaptation appears to 
be a key determinant of establishment success. Fenced plots showed lower mortality (46.07%) than 
unfenced ones (56.82%), suggesting a protective effect likely due to reduced external disturbances. 

(iii) The floristic survey indicates the onset of secondary colonization and increased biotic 
complexity compared to the initial state, dominated by low-diversity Ampelodesmos mauritanicus 
grasslands. However, biotic disturbances and management constraints negatively affect both plant 
establishment and spontaneous floristic recovery. 

Water availability during post-planting stages emerged as a key management factor. High mortality 
in the most stressed subplots confirms that drought is a major limiting constraint in Mediterranean 
environments. Optimizing supplemental irrigation, especially in summer, is therefore critical to 
support early plant establishment. 

Overall, urban reforestation in Mediterranean settings is a complex process requiring 
bioclimatically informed species selection and adaptive disturbance management to ensure long-term 
success. 

 
 
This work was funded by the research project “RIFOREST@GRARIA” – CUP: C34D21000040001 – 

Principal Investigator: Prof. Carmelo Maria Musarella, supported by the Metropolitan City of Reggio Calabria 
(Italy).  
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Traditional medicinal plants (TMP) provide essential services, including provisioning, regulating, and 
cultural ones. Certain TMP are defined as both ecological and cultural keystone species, playing key 
roles in biodiversity maintenance and traditional medical practices. While these plants have sustained 
human nutrition for thousands of years, their use and associated knowledge have largely faded, 
persisting mainly in remote areas such as the Eastern Alps. In Eastern Alps medicinal plants retain 
both ecological relevance and ethnobotanical value and given the important role in biodiversity and in 
alpine culture of TMP, we provide a habitat assessment of forest habitats in Eastern Alps. Specifically, 
we: i) quantify TMP occurrence across forest habitat types, their contribution within plant 
communities, and key environmental drivers of their presence; ii) evaluate TMP potential uses across 
forest types identifying forests with elevated ecological and biocultural value which deserve 
conservation focus; and iii) examine the influence of human pressure on TMP. We analyzed 705 
vegetation plots across the Eastern Alps, grouping them into three primary forest types: broadleaved 
deciduous forests (163 plots), temperate montane Pinus forests (193 plots), and temperate montane 
Picea and Abies forests (349 plots). Temperate montane Pinus forests host the highest TMP richness, 
followed by Picea and Abies forests, with broadleaved deciduous forests showing the fewest. TMP 
comprise an average of 46% of diagnostic species across these habitats, acting as key indicators for 
habitat identification and for assessing their favorable conservation status. Altitude and soil pH effects 
on TMP differ by forest type: altitude correlates positively in broadleaved forests, negatively in Picea 
and Abies forests, and marginally positively in Pinus forests; soil pH negatively influences TMP in 
broadleaved forests but positively in conifer types. Cardiovascular remedies dominate TMP uses in 
conifer forests, while skin treatments prevail in broadleaved forests. A weak but significant positive 
correlation between population density and TMP richness in conifer-dominated forests suggests that 
moderate anthropogenic disturbance may slightly promote TMP occurrence, whereas the non-
significant relationship in broadleaved deciduous forests indicates negligible human influence on TMP 
distribution. By merging TMP insights with community and landscape ecology, this framework offers 
a novel tool for habitat evaluation and restoration. It facilitates multifunctional landscape design in 
Eastern Alps Living Labs, bridging biodiversity protection, cultural heritage revival, and sustainable 
land use. 
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Mountain grasslands in the alpine belt are widely recognized as important biodiversity hotspots, 
characterized by a complex mosaic of highly specialized communities rich in endemic and rare species. 
However, they are increasingly threatened by global processes such as biodiversity loss, rising 
temperatures, and changes in grazing pressure. According to the IV Habitat Report [1], these 
ecosystems show a declining trend in their conservation status, calling for effective monitoring and 
conservation strategies. 

Here, we revisited 32 historical vegetation relevés [2, 3] to assess temporal changes in Habitat 6170 
Alpine and subalpine calcareous grasslands of the Gran Sasso National Park (central Apennines, Italy) 
between 1987 and 2025. Vegetation data were then combined with remote-sensing data to investigate 
the drivers of change. In particular, we used Landsat time-series data to generate pixel composites of 
Normalized Difference Snow Index and Normalized Difference Vegetation Index, and extract spectral 
bands. Mann-Kendall tests and General Linear Models (GLMs) were applied to identify temporal 
trends and compare productivity and snow cover with vegetation changes. 

Preliminary results suggest changes in snow cover stability, potentially linked to an increasing 
frequency of extreme climatic events. These changes appear to drive significant shifts in species 
composition and community structure, including declines in the abundance of characteristic alpine 
grassland species. Such patterns are consistent with ongoing thermophilization and the progressive 
impoverishment of alpine communities observed across multiple European mountain summits [4, 5]. 
These findings highlight the potential of incorporating additional environmental variables, and future 
analyses will aim to improve our understanding of long-term changes in alpine vegetation. 
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Understanding long-term vegetation dynamics in Mediterranean mountain landscapes requires 
approaches that integrate ecological, archaeobotanical, and historical data. This study combines 
archaeobotanical analysis and phytosociological interpretation to reconstruct the historical vegetation 
ecology of the Sicani Mountains (Western Sicily) during the Early Middle Ages, using new evidence 
from the rural settlement of Contrada Castro (Corleone, Palermo). The site, occupied between the late 
8th and 11th centuries CE, offers a rare stratified sequence for examining human–environment 
interactions during the transition from Byzantine to Islamic periods. 

Archaeobotanical remains—including charcoal, seeds, and fruits—provide a detailed picture of past 
vegetation structure and resource use. The wood charcoal assemblage is dominated by holm oak 
(Quercus ilex) and other Mediterranean sclerophyllous taxa, reflecting the pre-existence of evergreen 
oak woodlands similar to those still characterizing the region. The presence of terebinth (Pistacia 
terebinthus), downy oak (Quercus virgiliana-type), wild service tree (Sorbus torminalis), and riparian 
species such as poplar and elm indicates exploitation of multiple ecological niches, from upland forests 
to valley-bottom woodlands.  

These data align closely with modern phytosociological series documented for the Sicani 
Mountains, including Ampelodesmo mauritanici-Quercetum ilicis and Oleo oleaster-Quercetum 
virgilianae, suggesting long-term stability in vegetation patterns despite cultural and economic change. 

Carpological evidence reveals agricultural strategies adapted to the heterogeneous landscape. 
Communities cultivated naked wheats, hulled wheats, barley, and rye, alongside a diverse suite of 
legumes (fava bean, chickpea, lentil, vetches), reflecting resilient cropping systems suited to 
Mediterranean dryland conditions. The marked increase in legumes during the 10th–11th centuries 
may signal shifts in land management, soil fertility practices, or dietary preferences under Islamic 
influence. Together with zooarchaeological data, these findings highlight a mixed agro-silvo-pastoral 
economy integrated into the broader ecological mosaic of the Sicani uplands. 

By combining archaeobotanical datasets with phytosociological frameworks, in this poster, we 
show how historical vegetation ecology can illuminate the long-term co-evolution of landscapes and 
rural communities. The results underscore the ecological continuity of the Sicani Mountains and the 
adaptive strategies of early medieval populations who shaped this complex Mediterranean landscape.  
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The teaching of botany in formal educational contexts is often constrained by traditionally 
descriptive and decontextualized approaches. This paper presents an educational innovation 
experience developed at the Faculty of Education of the Complutense University of Madrid, based on 
the use of university green spaces as living classrooms for teaching the plant world. 

The instructional design is grounded in experiential learning and guided inquiry, integrating the 
conceptual framework of ecosystem services as the core organizing axis of knowledge. Students, 
working in groups, selected plant species from their immediate environment and carried out taxonomic 
identification (scientific name and diagnostic traits), photographic documentation, and geolocation, 
ultimately producing a botanical mapping of the area. The central phase of the activity focused on the 
functional analysis of the selected species through the identification of their associated ecosystem 
services (provisioning, regulating, supporting, and cultural). 

The results demonstrate a significant improvement in students’ systemic understanding of the role 
of the plant kingdom, moving beyond reductionist approaches focused solely on classification. 
Additionally, an increase in environmental awareness and appreciation of the local environment was 
observed, along with the development of key pedagogical competencies among pre-service teachers. 
This experience highlights the potential of urban green spaces as powerful educational resources and 
underscores the effectiveness of an ecosystem services–based approach in fostering deep ecological 
literacy. In the context of a global environmental crisis, such an approach contributes to the preparation 
of educators capable of integrating environmental education in a critical and meaningful way within 
the classroom. 
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Field Trip 
 

Flora and vegetation of the Parco della Favorita and the cliffs of 
Monte Pellegrino (Palermo) 

 
Organized by Lorenzo Gianguzzi 

(Department of SAAF, University of Palermo) 
 

June 6, 2026 – Walking itinerary between the Parco della Favorita and the foothills of the 
cliffs of Monte Pellegrino [circular flat route of approximately 3–4 km (08:30–14:00/15:30), 
with an elevation range between 50 and 150 m a.s.l.]. 
 

The Parco della Favorita (also known as Real Tenuta della Favorita) covers 
approximately 4 km² to the north of the city centre, at the foothills of Monte Pellegrino. It 
has significant historical value – having been established in 1799 by King Ferdinand III of 
Bourbon as a royal estate for hunting and agricultural experimentation – as well as 
notable naturalistic importance. For this reason, it is included within the regional nature 
reserve “Monte Pellegrino”, at the margins of the Special Protection Area ITA020014. 

The planned route develops across the calcarenitic sands of the Palermo plain, as well 
as the detrital slopes and carbonate cliffs of Monte Pellegrino, within the 
thermomediterranean subhumid bioclimatic belt. 

The field trip will focus on the main floristic and phytocoenotic features characterising 
the vegetation landscape (Fig. 1), structured around the following forest communities as 
head of series: 

 
i) Holm oak forest (Quercus ilex) (Pistacio lentisci-Quercetum ilicis Brullo & Marcenò 

1985, subass. viburnetosum tini Gianguzzi et al. 1996), established on humified soils 
developed on Quaternary calcarenites [Solimovic Regosol (Arenic)]; 

ii) Sclerophyllous maquis with Phillyrea latifolia, including Arbutus unedo and 
Viburnum tinus (Viburno tini-Phillyreetum latifoliae Gianguzzi & Caldarella 2024), 
associated with sandy and xeric soils on Quaternary calcarenites [Eutric Arenosol 
(Chromic)]; 

iii) Wild olive woodland/maquis (Ruto chalepensis-Oleastretum sylvestris, subass. 
cercidetosum siliquastri Gianguzzi & Bazan 2020), occurring on detrital-clastic 
substrates surrounding Monte Pellegrino [Skeletic Regosol (Ochric)]; 

iv) Shade maquis with Phillyrea latifolia (Teucrio flavi-Phillyreetum latifoliae Gianguzzi 
& Caldarella 2024), also on detrital substrates, but on shaded slopes interspersed 
among the cliffs of Monte Pellegrino. 

 
These communities partly represent dense and impenetrable forest formations 

(“subclimax”), resulting from long-term development under low disturbance conditions, 
and include the presence of old-growth individuals of forest and maquis species (e.g. 
Phillyrea latifolia, Arbutus unedo, Pistacia terebinthus, Olea europaea var. sylvestris), 
some of which are among the largest recorded in the regional context. 

The excursion will also examine the microgeoseries of the calcareous cliffs of Monte 
Pellegrino, partly referable to Scabioso creticae-Centauretum ucriae Brullo & Marcenò 
1979, characterised by Scabiosa cretica and several rare or endemic species such as 
Centaurea panormitana, Helichrysum panormitanum, Lithodora rosmarinifolia, 
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Dianthus rupicola, Brassica rupestris, Seseli bocconei, Euphorbia bivonae, Iberis 
semperflorens, among others. 

Particular attention will also be given to plant communities dominated by invasive 
alien species – especially Opuntia ficus-indica (Opuntietum s.l.) and Pennisetum 
setaceum (Penniseto setacei-Hyparrhenietum hirtae Gianguzzi, Ilardi & Raimondo 1996) 
– which are currently expanding in xeric environments of the area, as well as in other parts 
of the Mediterranean region. 

 
 

 
 
Figure 1. Schematic transect of the vegetation landscape between the Palermo plain 
(approximately 50 m a.s.l.) and the base of the cliffs of Monte Pellegrino (630 m a.s.l.).  
Soil types: (A) Quaternary calcarenites [Solimovic Regosol (Arenic)]; (B) Quaternary calcarenites 
[Eutric Arenosol (Chromic)]; (C) detrital-clastic materials [Skeletic Regosol (Ochric)]; (D) limestones 
and dolomitic limestones. 
Vegetation types: (1) Quercus ilex forest (Pistacio lentisci-Quercetum ilicis, subass. viburnetosum 
tini); (2) sclerophyllous forest-maquis with Phillyrea latifolia, Arbutus unedo, and Viburnum tinus 
(Viburno tini-Phillyreetum latifoliae); (3) maquis with Olea europaea var. sylvestris and Cercis 
siliquastrum (Ruto chalepensis-Oleastretum sylvestris, subass. cercidetosum siliquastri); (4) shade 
maquis with Phillyrea latifolia and Teucrium flavum (Teucrio flavi-Phillyreetum latifoliae); (5) 
grassland dominated by Pennisetum setaceum (Penniseto setacei-Hyparrhenietum hirtae); (6) 
chasmophytic vegetation (Scabioso-Centauretum ucriae); (7) maquis with Olea europaea var. 
sylvestris and Euphorbia bivonae (Ruto chalepensis-Oleastretum sylvestris, subass. 
euphorbietosum bivonae); (8) artificial plantations; (9) former cultivations (olive groves, etc.).  
(By GIANGUZZI et al., 2024) 
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