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Abstract

The vegetation resurvey is considered a valid approach for assessing how species composition, abundance, and distribution have
evolved in response to anthropogenic pressures, climate change, and habitat alterations over recent decades. ReSarDu - Resurvey
Sardinian Dunes - is the first regional database compiled from resurveys of coastal dune systems across Sardinia (Italy). It includes
418 resurveys ranging in size from 1 to 400 m?, collected between 2023 and 2025, based on 188 historical phytosociological relevés
dating back to the 1970s.

ReSarDu has been created to understand long-term vegetation changes in Sardinian coastal dune systems. By integrating histor-
ical and newly collected phytosociological data, we provide a comprehensive tool for assessing biodiversity trends and supporting

effective conservation and restoration strategies.
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Introduction

Assessing biodiversity change in the Anthropocene poses a
significant challenge; therefore, the development of acces-
sible databases is crucial to support ecological research and
guide effective conservation strategies, addressing global
biodiversity loss (Meyer et al. 2015; Dornelas et al. 2018).
A large amount of available vegetation data, encompass-
ing extensive coverage in terms of space, habitats, and time,
derive from phytosociological relevés (Chytry et al. 2016).

*

These data were collected over the past decades thanks to a
long-standing tradition of botanists and represent an essen-
tial data source for fundamental research and nature con-
servation applications, including monitoring the occurrence
and abundance of plant species in different habitats (Chytry
et al. 2016; Sabatini et al. 2021; Bagella et al. 2024; Gholiza-
deh et al. 2025). In this context, the development of special-
ised databases focused on temporal dynamics is particularly
crucial, as they provide the empirical foundation for under-
standing long-term ecological shifts (Costello et al. 2013).
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A key methodological approach underpinning such
databases is the resurvey of historical sites i.e. revisiting
previously studied locations to resample historical relevés.
This approach offers opportunities to study temporal veg-
etation changes with acceptable relocation accuracy and
quantify long-term biodiversity dynamics (Kapfer et al.
2017; Knollova et al. 2024).

Vegetation resurvey is considered a valid approach for
assessing how species composition, abundance, and distri-
bution have evolved in response to anthropogenic pressures,
climate change, and habitat alterations over recent decades
(Kapfer et al. 2017; Dornelas et al. 2018). This approach not
only highlights temporal trends but may also help identify
drivers of change, thereby guiding targeted interventions
to mitigate further declines (Perring et al. 2016). Neverthe-
less, even if it presents methodological shortcomings, such
as relocation errors, it still represents one of the best meth-
ods currently available for monitoring vegetation changes
(Verheyen et al. 2018; Douda et al. 2023).

In Europe, the ecological importance of coastal dune
systems is formally recognized under the Habitats Direc-
tive (EEC 1992), which designates several dune habitats
of Community interest. The Directive requires Mem-
ber States to ensure their favourable conservation status
through monitoring, protection, and restoration measures.

Sardinia, a Mediterranean hotspot of plant diversity
(Médail and Quezél 1999), is internationally renowned
for its coasts and beaches, many of which are in protect-
ed areas. In some northeastern and southeastern zones,
access to approximately 20 beaches has been restricted;
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however, growing tourist flows urgently call for a regional
plan to identify areas at risk of overtourism and promote
sustainable tourism practices (Balletto et al. 2025).

Despite their conservation and economic importance,
most Sardinian dune systems, although supported by a
considerable amount of historical data, have not been re-
cently monitored to assess long-term changes in vegetation.

Resurveying Sardinian dunes is thus essential for track-
ing long-term temporal trends in plant biodiversity and sup-
porting successful conservation and restoration measures.

This article introduces the first regional database,
Resurvey Sardinian Dunes (ReSarDu), compiled from
resurveys of coastal dune systems across Sardinia (Italy).
The database includes data from historical surveys dating
back to the 1970s and from resurveys carried out at the
same sites in 2023-2025.

Specifically, this paper aims to: (i) fill the knowledge
gap relative to biodiversity changes in Mediterranean dune
vegetation through the last decades; (ii) provide a further
contribution to ReSurveyDunes (Acosta et al. 2025), the
database of resurveyed coastal dune vegetation in Italy.

Database structure and content

For the resurvey, we selected 188 historical phytosocio-
logical relevés (hereafter old surveys) mainly distribut-
ed along the northeastern and southwestern Sardinian
coasts (Fig. 1) and conducted between 1975 and 2005
(Fig. 2a). These old surveys were mainly extracted from

Figure 1. Location of vegetation surveys (red dots) included in ReSarDu database (Sardinia, Italy).
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VegDunes database (Prisco et al. 2012), which includes
data from several studies on Sardinian dune vegetation
(De Marco and Mossa 1975; Brambilla et al. 1982; Val-
secchi and Bagella 1991; Filigheddu and Valsecchi 1992;
Mossa 1992; Mossa and Biondi 1992; Bartolo et al. 1992;
Arrigoni 1996; Biondi et al. 2001; Biondi et al. 2004) in-
tegrated with other old published (Farris et al. 2013) and
unpublished surveys. Each old survey was provided with
standard information, plot size, survey date and assigned
to the corresponding Annex I habitat according to Habi-
tats Directive (92/43/EEC).

The old plots to be resurveyed were selected based on
several attributes, such as location, to ensure maximum
spatial distribution, and the possibility of identifying their
position as precisely as possible. To achieve this objective,
for example, all past surveys carried out by the surveyors
involved in the resurvey campaign were included.

Among the 188 selected old surveys, 73 exhibited low
relocation uncertainty and were consequently considered
as performed in quasi-permanent plots. The remaining
115, lacking detailed location information, were consid-
ered as performed in non-traceable plots (Kapfer et al.
2017). For identifying plot locations when coordinates
were unavailable, we relied on alternative sources, includ-
ing locality descriptions, reference points provided in the
original publication, or support from the surveyor who
conducted the initial sampling.

For each non-traceable plot, following Ross et al.
(2010), we carried out three resurveys in three different
plots (hereafter called new plots). In total, we conduct-
ed 418 resurveys: 73 in quasi-permanent plots and 345 in
the new plots, all accurately georeferenced with a Garmin
Montana 680.

Resurveying was conducted between 2023 and 2025
considering the same plot area and season of the old sur-
veys. The shape was mainly rectangular, following the dis-
tribution of vegetation along transects. The occurrence of
all vascular plant species was recorded, and species abun-
dance was visually estimated using the Braun-Blanquet
seven-degree scale (Braun-Blanquet 1964). Taxonomic
nomenclature was standardized according to the Eu-
ro+Med PlantBase (Euro+Med PlantBase 2025). To each
new survey, the following additional information were as-
sociated: elevation, exposure, and slope.

Each new survey was assigned to a specific habitat
type according to the EU Habitats Directive (92/43/EEC),
based on the presence/abundance of typical or charac-
teristic species (Biondi et al. 2009). The following habitat
types were identified: 1210 - annual vegetation of drift
lines, 2110 - embryonic shifting dunes, 2120 - shifting
dunes along the shoreline with Ammophila arenaria, 2210
- Crucianellion maritimae fixed beach dunes and 2230 -
Malcolmietalia dune grasslands. The surveys not classifi-
able to any habitat type were labelled as NC (Not Clas-
sifiable as habitat). The most represented habitat is 2120
(122 surveys), followed by 2110 (108 surveys). The largest
share of old surveys derive from the 1981-1990 period
(Fig. 2a). The most frequent survey sizes range from 11 to
50 m? (Fig. 2b).
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Figure 2. Number of old surveys in Sardinia (Italy) grouped
by (a) sampling periods and (b) size (m?), and habitat types as
defined in the Annex I of Habitats Directive (92/43/EEC): 1210
- annual vegetation of drift lines, 2110 — embryonic shifting
dunes, 2120 - shifting dunes along the shoreline with Ammoph-
ila arenaria, 2210 — Crucianellion maritimae fixed beach dunes,
and 2230 - Malcolmietalia dune grasslands.

Future perspectives

The ReSarDu database serves as a valuable resource for
understanding long-term vegetation changes in Medi-
terranean coastal dune systems. By integrating historical
and newly collected phytosociological data, we provide a
comprehensive tool for assessing biodiversity trends and
supporting effective conservation and restoration strate-
gies. Being composed of georeferenced data, ReSarDu has
the potential to help address existing knowledge biases
regarding the flora of Sardinia (Bagella et al. 2020; Melis
et al. 2025).

The database constitutes a reservoir of georeferenced
plots that can be repeatedly monitored in the coming
years, offering unique opportunities to investigate tempo-
ral trajectories of plant communities, assess the impacts of
anthropogenic pressures and climate change, and evaluate
the success of management actions.

The standardized structure of ReSarDu ensures com-
patibility and interoperability with national and interna-
tional vegetation databases, such as ReSurveyDunes and
ReSurveyEurope, thereby promoting data sharing and
facilitating large-scale ecological analyses across Mediter-
ranean coastal systems.



4 Agnese Denaro et al.: Resurveying Mediterranean coastal dunes: insights from the ReSarDu database

Authorship contribution

Bagella S., Caria M.C., Denaro A., Malavasi M.: Concep-
tualization. Bagella S., Caria M.C., Denaro A., Farris E.,
Malavasi M.: Methodology. Denaro A., Rivieccio G., Mac-
cioni A., Farris E., Bagella S., Caria M.C., Fadda M., Bru-
no A., Malavasi M.: Investigation. Denaro A., Sperandii
M.G., Malavasi M.: Data Curation. Bagella S., Denaro A.:
Writing — Original Draft. All authors: Writing - Review &
Editing. Farris E., Bagella S.: Funding Acquisition.

Competing interest

The authors declare that they have no conflict of inter-
est. Simonetta Bagella is an Associate Editor, Alicia Teresa
Rosario Acosta, Emmanuele Farris, and Maria Carmela
Caria are part of the Editorial Review Board in Vegetation
Ecology and Diversity but took no part in the peer review
or decision-making process for this manuscript.

Data availability

By the end of the project, we plan to integrate ReSarDu
into Vegltaly database (GIVD: EU-IT-001). The data
sharing will be fully accessible upon specific request to
the database custodians (Agnese Denaro adenaro@uniss.
it; Simonetta Bagella sbagella@uniss.it).

Acknowledgements

This article was supported by e.INS- Ecosystem of Inno-
vation for Next Generation Sardinia (cod. ECS 00000038)
funded by the Italian Ministry for Research and Education
(MUR) under the National Recovery and Resilience Plan
(NRRP) — MISSION 4 COMPONENT 2, “From research
to business” INVESTMENT 1.5, “Creation and strength-
ening of Ecosystems of innovation” and construction of
“Territorial R&D Leaders”

The authors acknowledge NBFC, funded by the Italian
Ministry of University and Research, PNRR, Missione 4
Componente 2, “Dalla ricerca allimpresa’, Investimento
1.4, Project CN00000033.

References

Acosta ATR, Di Biase L, Sarmati S, Allevato E, Angiolini C, ... Del Vec-
chio S (2025) ReSurveyDunes—A data resource of resurveyed coast-
al dune vegetation relevés in Italy. Vegetation Ecology and Diversity
62: 1-6. https://doi.org/10.3897/ved.139539

Arrigoni PV (1996) La vegetazione del complesso dunale di Capo Comi-
no (Sardegna nord-orientale). Parlatorea 1: 35-45.

Bagella S, Becca G, Bedini G, Caria MC, Pisanu S, ... Filigheddu R (2020)

Why so different? A case study about Floras from a Mediterranean

island. Phytotaxa 440(2): 129-158. https://doi.org/10.11646/phyto-
taxa.440.2.4

Bagella S, Caria MC, Bonari G, Malavasi M, Melis R, Piga G, Rivieccio
G (2024) A thematic vegetation dataset of SArdinian GRAsslands
(SAGRA). Plant Sociology 61(2): 41-47. https://doi.org/10.3897/
pls2024612/03

Balletto G, Ladu M, Battino S, Attard M (2025) A methodological per-
spective on understanding overtourism in Mediterranean islands:
The case of Sardinia region, Italy. City, Territory and Architecture
12(1): 31. https://doi.org/10.1186/s40410-025-00281-9

Bartolo G, Brullo S, De Marco G, Dinelli A, Signorello P, Spampinato
G (1992) Studio fitosociologico sulla vegetazione psammofila della
Sardegna meridionale. Colloques Phytosociologiques 19: 251-273.

Biondi E, Filigheddu RS, Farris E (2001) Il Paesaggio vegetale della
Nurra (Sardegna nord-occidentale). Fitosociologia 38(2) (Suppl. 2):
3-105.

Biondi E, Brugiapaglia E, Farris E, Filigheddu RS, Secchi Z (2004) Halo-
philous vegetation of Olbia pond system (NE-Sardinia). Fitosociolo-
gia 41(1) (Suppl. 1): 125-141.

Biondi E, Blasi C, Burrascano S, Casavecchia S, Copiz R, ... Zivkovic L
(2009) Manuale Italiano di Interpretazione degli Habitat della Diret-
tiva 92/43/CEE.

Brambilla C, Caneva G, De Marco G, Mossa L (1982) Analisi fitosocio-
logica della seriazione psammofila costiera nella Sardegna meridion-
ale. Annali di Botanica 40: 69-96.

Braun-Blanquet ] (1964) Pflanzensociologie. Wien; New York, Springer.
https://doi.org/10.1007/978-3-7091-8110-2

Chytry M, Hennekens SM, Jiménez-Alfaro B, Knollova I, Dengler J, ...
Yamalov S (2016) European Vegetation Archive (EVA): An integrat-
ed database of European vegetation relevés. Applied Vegetation Sci-
ence 19(1): 173-180. https://doi.org/10.1111/avsc.12191

Costello MJ, Michener WK, Gahegan M, Zhang ZQ, Bourne PE
(2013) Biodiversity data should be published, cited, and peer re-
viewed. Trends in Ecology & Evolution 28(8): 454-461. https://doi.
org/10.1016/j.tree.2013.05.002

De Marco G, Mossa L (1975) Ricerche fitosociologiche nell'isola di S.
Pietro (Sardegna): Ammophiletalia, Salicornietalia, Juncetalia marit-
imi, Crithmo-Staticetalia. Notiziario della Societa Italiana di Fitoso-
ciologia 10: 25-43.

Dornelas M, Antdo LH, Moyes F, Bates AE, Magurran AE, ... Murphy
G (2018) BioTIME: A database of biodiversity time series for the
Anthropocene. Global Ecology and Biogeography 27(7): 760-786.
https://doi.org/10.1111/geb.12729

Douda J, Doudova J, Holestova A, Chudomelovd M, Vild O, ... Hédl
R (2023) Historical sampling error: A neglected factor in long-term
biodiversity change research. Biological Conservation 286: 110317.
https://doi.org/10.1016/j.biocon.2023.110317

EEC (1992) Council Directive 92/43/EEC of 21 May 1992 on the conser-
vation of natural habitats and of wild fauna and flora. Official Journal
of the European Union 206: 7-50.

Euro+Med PlantBase (2025) Euro+Med PlantBase - the information re-
source for Euro-Mediterranean plant diversity. [Available at:] https://
europlusmed.org/ [Accessed: 26 February 2025).

Farris E, Pisanu S, Ceccherelli G, Filigheddu R (2013) Human tram-
pling effects on Mediterranean coastal dune plants. Plant Biosys-
tems 147(4): 1043-1051. https://doi.org/10.1080/11263504.2013.8
61540


mailto:adenaro@uniss.it
mailto:adenaro@uniss.it
mailto:sbagella@uniss.it
https://doi.org/10.3897/ved.139539
https://doi.org/10.11646/phytotaxa.440.2.4
https://doi.org/10.11646/phytotaxa.440.2.4
https://doi.org/10.3897/pls2024612/03
https://doi.org/10.3897/pls2024612/03
https://doi.org/10.1186/s40410-025-00281-9
https://doi.org/10.1007/978-3-7091-8110-2
https://doi.org/10.1111/avsc.12191
https://doi.org/10.1016/j.tree.2013.05.002
https://doi.org/10.1016/j.tree.2013.05.002
https://doi.org/10.1111/geb.12729
https://doi.org/10.1016/j.biocon.2023.110317
https://europlusmed.org/
https://europlusmed.org/
https://doi.org/10.1080/11263504.2013.861540
https://doi.org/10.1080/11263504.2013.861540

Vegetation Ecology and Diversity 62 (2025) e174934

Filigheddu R, Valsecchi F (1992) Osservazioni su alcune associazioni
psammofile nella Sardegna settentrionale. Colloques Phytosoci-
ologiques 19: 159-181.

Gholizadeh H, Bonari G, Pafumi E, Bertacchi A, Calbi M, ... Maccherini
S (2025) SALTISH: The SALt-affected vegeTatlon dataset of Tuscany
coaStal Habitats, central Italy. Vegetation Ecology and Diversity 62:
1-8. https://doi.org/10.3897/ved.144362

Kapfer J, Hédl R, Jurasinski G, Kopecky M, Schei FH, Grytnes JA
(2017) Resurveying historical vegetation data—opportunities and
challenges. Applied Vegetation Science 20(2): 164-171. https://doi.
org/10.1111/avsc.12269

Knollova I, Chytry M, Bruelheide H, Dullinger S, Jandt U, ... Moiseev P
(2024) ReSurveyEurope: A database of resurveyed vegetation relevés
in Europe. Journal of Vegetation Science 35(2): €13235. https://doi.
org/10.1111/jvs.13235

Médail E, Quezél P (1999) Biodiversity Hotspots in the Mediterranean
Basin: Setting Global Conservation Priorities. Conservation Biology
13(6): 1510-1513. https://doi.org/10.1046/j.1523-1739.1999.98467.x

Melis R, Malavasi M, Bazzichetto M, Caria MC, Rivieccio G, ... Bagella
S (2025) Unravelling Bias: A Sardinian perspective on taxonomic,
spatial, and temporal biases in vascular plant biodiversity data from
GBIE. Ecological Informatics 90: 103289. https://doi.org/10.1016/].
ecoinf.2025.103289

Meyer C, Kreft H, Guralnick R, Jetz W (2015) Global priorities for an ef-
fective information basis of biodiversity distributions. Nature Com-
munications 6: 8221. https://doi.org/10.1038/ncomms9221

Mossa L (1992) Su una associazione a Helichrysum italicum (Roth)

Don subsp. microphyllum (Willd.) Nyman e Crucianella maritima

L. della Sardegna orientale. Colloques Phytosociologiques 19:
225-231.

Mossa L, Biondi E (1992) Resoconto delle escursioni sul litorale sud-oc-
cidentale della Sardegna (27 e 28 ottobre 1989). Colloques Phytoso-
ciologiques 19: 739-760.

Perring MP, De Frenne P, Baeten L, Maes SL, Depauw L, ... Verheyen K
(2016) Global environmental change effects on ecosystems: the im-
portance of land-use legacies. Global Change Biology 22(4): 1361—
1371. https://doi.org/10.1111/gcb.13146

Prisco I, Carboni M, Acosta ATR (2012) VegDunes-a coastal dune vege-
tation database for the analysis of Italian EU habitats. Biodiversity &
Ecology 4: 191-200. https://doi.org/10.7809/b-e.00076

Ross LC, Woodin SJ, Hester A, Thompson DB, Birks HJB (2010) How
important is plot relocation accuracy when interpreting re-visitation
studies of vegetation change? Plant Ecology & Diversity 3(1): 1-8.
https://doi.org/10.1080/17550871003706233

Sabatini FM, Lenoir J, Hattab T, Arnst EA, Chytry M, ... Wagner V
(2021) sPlotOpen-An environmentally balanced, open-access,
global dataset of vegetation plot. Global Ecology and Biogeography
30(9): 1740-1764. https://doi.org/10.1111/geb.13346

Valsecchi F, Bagella S (1991) La vegetazione psammofila della Sarde-
gna settentrionale: litorale del Liscia. Giornale Botanico Italiano
125(1-2): 1-14.

Verheyen K, Bazany M, Checko E, Chudomelova M, Closset-Kopp D, ...
Baeten L (2018) Observer and relocation errors matter in resurveys
of historical vegetation plots. Journal of Vegetation Science 29(5):
812-823. https://doi.org/10.1111/jvs.12673



https://doi.org/10.3897/ved.144362
https://doi.org/10.1111/avsc.12269
https://doi.org/10.1111/avsc.12269
https://doi.org/10.1111/jvs.13235
https://doi.org/10.1111/jvs.13235
https://doi.org/10.1046/j.1523-1739.1999.98467.x
https://doi.org/10.1016/j.ecoinf.2025.103289
https://doi.org/10.1016/j.ecoinf.2025.103289
https://doi.org/10.1038/ncomms9221
https://doi.org/10.1111/gcb.13146
https://doi.org/10.7809/b-e.00076
https://doi.org/10.1080/17550871003706233
https://doi.org/10.1111/geb.13346
https://doi.org/10.1111/jvs.12673

	Resurveying Mediterranean coastal dunes: insights from the ReSarDu database�
	Abstract
	Introduction
	Database structure and content
	Future perspectives
	Authorship contribution
	Competing interest
	Data availability
	Acknowledgements
	References



