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Abstract

The MARA (Monitoring Alien species along mountain Roads in the central Apennines) database was developed to monitor the
distribution of vascular plant species along mountain roads in the Central Apennines, Italy, focusing on alien (i.e. neophytes) and
thermophilous plant species. Data were gathered in 2022 from 118 plots spanning an elevation range from 420 to 2125 meters a.s.l.
along 3 main road corridors on three massifs (Gran Sasso, Maiella and Terminillo), following the MIREN road survey protocol. The
database comprises 810 taxa (species and subspecies), of which 16 are identified as alien taxa. Major plant families in frequency are
Asteraceae, Poaceae, and Fabaceae. MARA captures detailed information on species cover, taxonomy, and ecological traits, such as
life forms and Ecological Indicator Values for Europe (EIVE) related to temperature. Notably, 53% of the alien species recorded were
thermophilous, thriving in warmer environments, and predominantly concentrated below 1200 meters, though a few species extend
to higher elevations. This suggests that rising temperatures due to climate change may facilitate the upward movement of these spe-
cies, potentially disrupting native vegetation. For such reasons, the MARA database is a valuable resource for long-term ecological
monitoring, providing valuable data for both national and international research networks.
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Introduction et al. 2010), and vascular flora richness (Ciaschetti et al.

2015; Conti and Bartolucci 2016; Piacentini et al. 2017;

Mountain ecosystems are recognized for their ecological
significance and biodiversity richness, characterized by
steep environmental gradients that create distinct vegeta-
tion zones (Theurillat et al. 2007; Lazarina et al. 2019; Di
Biase et al. 2021). The Central Apennines in Italy, including
the Gran Sasso and Monti della Laga National Park, Maiel-
la National Park, and Mount Terminillo, are renowned for
their unique topography, geological formations (Cosentino

Conti et al. 2019, 2022). These areas serve as natural lab-
oratories for studying changes in vegetation composition
with elevation and the effects of global change on moun-
tain habitats (Barni et al. 2012; Frate et al. 2018; Vitali et al.
2018; Guarino et al. 2021). Nowadays, alien taxa are becom-
ing an emergent threat also in mountain zones around the
world, even in high elevation protected areas and in isolated
mountain landscapes (McDougall et al. 2011; Alexander et
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al. 2016; Pauchard et al. 2016; Pathak et al. 2019; Pysek et al.
2020; Canavan et al. 2021). In this context, mountain roads
often facilitate the movement of alien plant species and con-
tribute to habitat fragmentation (Forman and Alexander
1998; Haider et al. 2018; McDougall et al. 2018). Previous
research has highlighted the role of roads in altering native
species composition and introducing disturbance-adapted
taxa, which can lead to shifts in ecosystem dynamics, espe-
cially in sensitive high-elevation environments (Alexander
et al. 2009; Okimura et al. 2016; Follak et al. 2018; Laza-
ro-Lobo and Ervin 2019; Corcos et al. 2020; Barros et al.
2022; Dostélek and Frantik 2024; Santoianni et al. 2024).

In the summer of 2022, the first Italian and Mediter-
ranean site of the Mountain Invasion Research Network
(MIREN) (Kueffer et al. 2014; Haider et al. 2022) was es-
tablished in the Central Apennines. MIREN aims to un-
derstand the effects of global changes on species distribu-
tion and biodiversity in mountainous regions. Its scope is
to study mountain species (re)distribution broadly, con-
sidering various drivers of global change, including bio-
logical invasions, climate change, and land-use change.
In this context, monitoring alien (i.e. neophytes) and
thermophilous species is particularly important to eval-
uate future scenarios for alien plant species and the up-
ward shift of thermophilous plants (Dostalek and Frantik
2024). This phenomenon, known as the thermophiliza-
tion of mountains, could have significant implications for
biodiversity and ecological balance in mountain environ-
ments that are sensitive to climate change (Gottfried et
al. 2012; Sekar et al. 2024). In this context, a database can
support biodiversity management and protection entities
at both regional and national levels, including national
parks, nature reserves, and research centers (Costello et
al. 2015; Viciani et al. 2018).

This study aims to establish a database for Monitoring
Alien species along mountain Roads in the central Apen-
nines (MARA) to address gaps in knowledge regarding
the distribution of alien and thermophilous taxa in the
Central Apennines and examines the plant taxa compo-
sition, distribution and ecology along mountain roads
across an elevation gradient in three mountain sites in
Central Italy. The findings may contribute to establishing
long-term ecological monitoring of the native and alien

plant taxa upshifting and inform conservation strategies
for maintaining the integrity of these ecosystems.

Methods

Study area

The vegetation sampling was conducted along three
mountain roads in the Central Apennines (Italy), with-
in two protected areas, Gran Sasso and Monti della Laga
National Park and the Maiella National Park, and Mount
Terminillo. The sampling covered an elevation gradi-
ent range from 420 m to 2125 m above sea level (a.s.l.)
(Fig. 1). These mountain sites are characterized by prom-
inent limestone formations, deep glacial valleys, river val-
leys, and karst phenomena (Piacentini et al. 2017). The
study area encompasses a range of hilly and mountain-
ous terrains, each supporting distinct vegetation types
(Gigante et al. 2024). At lower elevations, the landscape
is characterized by the following plant communities, ac-
cording to the EUNIS Habitat Classification (Chytry et
al. 2020, 2024): semi-dry perennial calcareous grasslands
(R1A), thermophilous forest fringes on base-rich soils
(R51), and trampled xeric grasslands with annuals (V34).
In the hilly and mountain belts Mediterranean thermoph-
ilous deciduous forests (T1A), temperate and submediter-
ranean thermophilous deciduous forests (T19), and Fagus
forests on non-acid soils (T17) occur. Beyond the treeline
at higher elevations, habitats are dominated by perennial
rocky grasslands of the Italian Peninsula (R14) and peren-
nial rocky calcareous grasslands of subatlantic-submedi-
terranean Europe (R18) (Table 1) (Santoianni et al. 2024).

Data collection

Vegetation sampling took place during the summer of
2022, following the MIREN road survey protocol (Haid-
er et al. 2022). Sampling locations were established by
dividing the total elevation range of the roads into 19
elevational bands (of ~ 100 m in elevation), giving a to-
tal of 20 sample sites (Fig. 1). Sampling in each site was

Table 1. The table lists EUNIS habitat codes, their full names, diagnostic, dominant, and constant species (Chytry et al. 2020, 2024)
recorded in the study area, along with the elevation range (m a.s.l.) for each habitat. A cluster analysis was performed, identifying 8

groups. Diagnostic species for each group were determined using the ‘Indicator Species’ function in PAST (Hammer et al. 2001) and
compared with EUNIS habitat diagnostic, dominant and constant species (Chytry et al. 2020, 2024; Santoianni et al. 2024).

E,UNIS EUNIS habitat name Diagnostic, dominant and constant taxa Elevation range
habitat code (ma.s.L)
R1A/R51/V34 Semi-dry perennial calcareous grassland (meadow steppe) Anthoxanthum odoratum, Anthyllis vulneraria, 419-1429
/ Thermophilous forest fringe of base-rich soils / Trampled Acer campestre, Rubus ulmifolius, Lolium perenne,
xeric grassland with annuals Plantago lanceolata, Convolvulus arvensis
T1A/T19/T17 Mediterranean thermophilous deciduous forest / Quercus pubescens, Emerus major, Quercus cerris, 533-1386
Temperate and submediterranean thermophilous Acer opalus. subsp. obtusatum, Fagus sylvatica,
deciduous forest / Fagus Forest on non-acid soils Cardamine bulbifera
R14/R18 Perennial rocky grassland of the Italian Peninsula / Bromopsis erecta, Festuca inops, Globularia 906-2125

Perennial rocky calcareous grassland of subatlantic-
submediterranean Europe

bisnagarica, Helianthemum oelandicum subsp.
incanum, Teucrium chamaedrys
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Figure 1. Location of the three study areas in the Central Apennines (Italy). The detailed map shows the location of the plots along
the elevation gradient (scale 1:150000) within the Gran Sasso and Monti della Laga National Park (orange), the Maiella National
Park (blue), and along Mount Terminillo (yellow). For each study area, the initial and final elevations of the investigated road are

indicated. Google Earth. Retrieved November 29, 2024, from https://www.google.com/earth.

carried out on a transect designed in a T-shape config-
uration and consisted of two plots, each measuring 50
m in length and 2 m in width. The roadside plot was
positioned parallel to the road, while the inland plot
was situated perpendicular to the center of the roadside
plot, forming a 90° angle. The distance between the two
plots was 50 m.

The cover of all vascular plant taxa was visually esti-
mated and recorded using a metric of cover based on eight
classes (1 = <0.1%, 2 = 0.1-1%, 3 = 2-5%, 4 = 6-10%,
5= 11-25%, 6 = 26-50%, 7 = 51-75%, 8 = 76-100%)
(Haider etal. 2022). Taxonomy and nomenclature followed
Bartolucci et al. (2024). Species were categorized as either
native (autochthonous taxa and archaeophytes, alien taxa
introduced before 1492) or alien (taxa introduced after
1492, i.e., neophytes) (Galasso et al. 2018, 2024).

Structure and content of the dataset

We compiled a comprehensive floristic database encom-
passing general and road/environmental information
about plots and all taxa recorded across the mountain sites
within the study area. The database was created using the

data management system PostgreSQL (PostgreSQL Glob-
al Development Group 2024). The road/environmental
information includes plot code, region, road (Gran Sas-
s0, Maiella, or Terminillo), plot type (roadside or inland),
latitude, longitude, elevation, observers, and sampling
date. The geographic locations of the plots were record-
ed in the field according to the World Geodetic System
1984 (WGS84 - EPSG:4326). Subsequently, the following
road-related information is included: traffic intensity (re-
ferring to the volume of vehicles traveling on the road seg-
ment during the year; low = 1, intermediate = 2, high = 3),
road opening period (number of months the road is open
to traffic), road type (type of road surface, e.g., asphalt,
gravel), rock cover (in percentage), bare ground (percent-
age of the plot without vegetation foliage, excluding rock
and litter), litter (percentage of the plot without vegetation
foliage but covered with dead and decaying plant material
such as leaves, bark, needles, and twigs), tree cover (per-
centage of the plot covered by trees taller than 3 m), shrub
cover (percentage), herb/cryptogam cover (percentage),
and wetland/riparian habitat presence (percentage).

The dataset contains all taxa, including information
on family, genus, species, subspecies, and authority, all
arranged alphabetically (Bartolucci et al. 2024). For each
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taxon, the following information is provided: i) locality
of occurrence (specific plot sites where the taxon was
found), ii) cover (percentage of the taxon’s coverage with-
in each plot), iii) status: general categorization indicating
whether the taxon is native (incl. archaeophytes) or alien
according to Galasso et al. (2018, 2024), iv) life form: clas-
sification according to the Raunkieer system (Raunkicer
1934), v) growth form: categorization following the sys-
tem proposed by Diaz et al. (2022), vi) Ecological Indica-
tor Values for Europe (EIVE) Temperature: data provided
according to Dengler et al. (2023).

Data analysis

To describe the dataset in terms of taxa composition, we cal-
culated the total cover of each taxonomic family by summing
taxa cover values across all plots and we used their percentage
on total coverage, grouping families with less than 4% cov-
er as “Others” This approach was also applied to alien taxa.
We also assessed the cover of different life forms and their
distribution among alien species. Next, plant taxa were cat-
egorized based on their occurrence across the three moun-
tain sites and expressed as percentages, classifying them into:
(i) common to all three sites, (ii) common to two sites, and
(iii) present in only one site (Suppl. material 1). To explore
the relationship between taxa richness, elevation, and plot
type (roadside vs. inland), the dataset was divided into two
elevation groups: below and above 1200 meters a.s.l., as this
altitude is considered the upper limit for the most common
alien taxa (Haider et al. 2018; Vorstenbosch et al. 2020; San-
toianni et al. 2024). Within each elevation group, data were
further categorized by plot type (roadside vs. inland). Taxa
richness was calculated (Gotelli and Colwell 2001) and com-
pared using four independent Student’s t-tests (Kalpi¢ et al.
2011) to assess differences between plot types and elevations.
Additionally, the distribution of EIVE Temperature (EIVE
T) (Dengler et al. 2023) indicators was examined. The EIVE
database was utilized to facilitate future comparisons of our
dataset with other MIREN sites throughout Europe (i.e.
Swiss Alps, French Alps, El Teide). We calculated the 25" and
75" percentiles to identify taxa with particularly low or high
EIVE T values, categorizing species above the 75" percentile
as “thermophilous” (Gottfried et al. 2012; Varricchione et al.
2021). A density plot was created to visualize the distribu-
tion of EIVE T values (Saatkamp et al. 2023). For alien plant
taxa, cover data across elevations were organized using the
“tidyr” package (Wickham et al. 2024). EIVE T values were
classified into temperature ranges, and taxa were visualized
according to these classes. All analyses were conducted using
R Statistical Software (v4.3.0; R Core Team 2023), with plots
generated using the “ggplot2” package (Wickham 2016).

Results
The MARA database encompasses a total of 810 plant

taxa from 118 plots (60 roadside and 58 inland), com-
prising 646 species and 164 subspecies, including

both native and alien plants. Among these, 16 taxa
are classified as alien plant taxa (APT), including 12
species and 4 subspecies. The recorded taxa are dis-
tributed across 75 distinct taxonomic families. The
most frequent families are Asteraceae (15%), Poaceae
(10%), and Fabaceae (10%). Conversely, the families
with the highest coverage in the study area are Poaceae
(22%), Fagaceae (16%), and Fabaceae (8%) (Fig. 2A).
In terms of life form distribution according to Raun-
kiaer’s classification, the most abundant life forms are
Phanerophytes (41%), Hemicryptophytes (36%), and
Therophytes (8%) (Fig. 2B). The alien plant taxa are rep-
resented across 9 taxonomic families. The most com-
mon families of alien plants are Asteraceae (44%) and
Poaceae (13%). However, the families with the highest
cover are Simaroubaceae (41%), Sapindaceae (29%),
and Fabaceae (14%) (Fig. 2C). Regarding alien plants
life forms according to Raunkiaer’s classification, the
most abundant are Phanerophytes (88%), Therophytes
(7%), and Hemicryptophytes (5%) (Fig. 2D).

Considering the taxa’s occurrence across the three
mountain sites of the study area (Gran Sasso Massif,
Maiella Massif, and Mt. Terminillo) we observed that 23%
of taxa are common to all three sites (Suppl. material 1).
The most abundant taxa in this category are: Fagus syl-
vatica, Brachypodium rupestre and Fraxinus ornus. 27% of
taxa are common to two sites, with the most abundant
species Pteridium aquilinum subsp. aquilinum, Rubus
idaeus subsp. idaeus, and Abies alba. 50% of taxa have
been only recorded in one site. Among them, Anthemis
cretica subsp. columnae is found in Gran Sasso, Pinus
mugo subsp. mugo in Maiella, and Patzkea paniculata sub-
sp. paniculata in Terminillo.

The boxplot analysis of taxa richness reveals differ-
ences between roadside and inland plots, both below and
above 1200 m a.s.l.. Below 1200 m a.s.l. the taxa richness
is significantly higher in roadside plots compared to in-
land plots (p-value < 0.001) (Fig. 3). A similar trend is ob-
served above 1200 m a.s.l, with roadside plots exhibiting
higher taxa richness than inland plots (p-value = 0.018).
Moreover, roadside plots richness significantly differs be-
tween the two elevation ranges (p-value < 0.001).

The analysis of the EIVE Temperature data, associated
with each species in the MARA database, reveals that the
taxa with EIVE T between EIVE T = 4 and EIVE T =
5.55 are the most common in our dataset (Fig. 4A). This
species group is mainly represented by the typical spe-
cies of deciduous forests, especially of the mountain Fa-
gus forest, such as Fagus sylvatica, Acer pseudoplatanus,
Viola reichenbachiana, Cornus sanguinea. Below the 25"
percentile (EIVE T<4), we mainly find taxa occurring in
subalpine grasslands, such as Festuca circummediterra-
nea, Leucopoa dimorpha, Juniperus communis, Pilosella
officinarum. Above the 75" percentile (EIVE T>5.55),
the thermophilous species group occurs. These taxa are
common at low elevations, in Mediterranean grassland
and mixed thermophilous woodland, such as Carthamus
lanatus, Sesleria nitida, Avena sterilis, Fraxinus ornus and
Quercus pubescens.
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Figure 2. The first bar plot shows the percentage of total cover for each taxonomic family in the MARA database. Families con-
tributing less than 4% cover are grouped under ‘Others’ (68 families) (A). The pie chart illustrates the percentage of total cover for
each life form according to the Raunkicr classification in the MARA database (P = Phanerophyte, NP = Nanophanerophytes, Ch =
Chamaephyte, H = Hemicryptophyte, G = Geophyte, T = Therophyte) (B). The latter bar plot shows the cover percentage of alien
plant taxa (APT) for each taxonomic family in the MARA database. Families contributing less than 4% of cover are grouped under
‘Others’ (9 families) (C). The pie chart illustrates the percentage cover of alien plant taxa (APT) for each life form according to the
Raunkieer classification in the MARA database (P = Phanerophyte, H = Hemicryptophyte, T = Therophyte) (D).

Regarding the distribution of alien plant taxa along the
elevation gradient (Fig. 4B), 88% of plant taxa are con-
centrated below 1200 m a.s.l. Only a few species, such as
Ceratochloa cathartica, Crepis sancta subsp. nemausensis,
Erigeron sumatrensis, and Matricaria discoidea subsp.

discoidea, reach higher elevations (until 1659 m a.s.l.).
Alien taxa EIVE T values show that thermophilous taxa
prevail (53%), meaning they exceed EIVE T>5.5. Specifi-
cally, Erigeron sumatrensis, with EIVE T=6.54, reaches the
maximum altitude of 1610 m a.s.l.
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Figure 3. The boxplots show the taxa richness across the two plot types (roadside and inland plots) and elevation ranges (below
1200 m and above 1200 m a.s.l.) Significant differences between box-plots are highlighted using statistical significance markers (*)
according to the Student’s t-test (* p < 0.05, ** p < 0.01).
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Figure 4. Density plot of the EIVE Temperature distribution with highlighted sectors based on percentile thresholds. The graph
illustrates temperature density as a percentage, with the 25" percentile (blue dashed line) and 75™ percentile (red dashed line) demar-
cating the lower, middle, and upper temperature ranges. The shaded areas represent the proportion of EIVE T falling within these
ranges, with colors indicating different density levels: light yellow for EIVE T below the 25" percentile, orange for EIVE T between
the 25" and 75™ percentiles, and dark orange for EIVE T above the 75" percentile (A). The point chart shows the distribution of alien
plant taxa along the elevation gradient, using EIVE T data for ecological classification. Each colored dot represents the elevation at
which the alien plant taxon was recorded, with each color corresponding to a specific EIVE T class (B).
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Conclusions and future
perspectives

The MARA database was developed through extensive
data collection, careful identification of plant specimens,
taxonomic revision, and organized digitization and
structuring of the data. Its organizational framework al-
lows for scalability and integration into existing vegeta-
tion databases. Specifically, MARA represents a national
and regional adaptation of data shared within the in-
ternational MIREN framework (Seipel et al. 2022). The
database will be updated by resampling the established
plots every five years, with the next global monitoring
survey scheduled for 2027.

Additionally, due to the layout (arranged along the el-
evation gradient) and the standard size of the monitor-
ing plots, they could potentially be integrated into the
Italian Long-term Ecosystem Research Network (LTER-
IT), as some of the vegetation plots are already located
within two LTER Sites: IT01-001-T Central-southern
Apennine Majella-Matese, and IT01-003-T central
Apennine: Gran Sasso d’Italia (Capotondi et al. 2021)
and the Dynamic Ecological Information Management
System - Site and Dataset Registry (DEIMS-SDR). DE-
IMS-SDR provides access to an increasing number of
datasets and data products associated with LTER sites.
Furthermore, as the plots are permanent, they will be
revisited every five years and could be integrated into
the ‘ReSurveyEurope’ network (Knollova et al. 2024),
an initiative within the European Vegetation Archive
(EVA) (Chytry et al. 2016).

A particularly striking finding is that 53% of alien
plant taxa are classified as thermophilous species, mean-
ing they thrive in warmer environments and could po-
tentially disrupt native ecosystems (Carboni et al. 2018).
This is significant because, as temperatures rise due to
climate change, these taxa might have greater opportu-
nities to expand their range along elevation gradients.
The warming climate is giving these thermophilous
species a further advantage, allowing them to establish
in habitats where they previously could not survive (Di
Nuzzo et al. 2021).

In conclusion, our study and the MARA database high-
light the importance of monitoring alien taxa in moun-
tain environments and protected areas, especially in the
current context of global warming. Understanding these
dynamics will help guide future conservation strategies
aimed at preserving Mediterranean native biodiversity
and mitigating the impact of biological invasions.

Data accessibility

MARA database can be obtained by contacting the
dataset custodians directly (Angela Stanisci stanisci@
unimol.it; Lucia Antonietta Santoianni luciasantoian-
ni@gmail.com).

Acknowledgements

We acknowledge the Maiella National Park staff and
Gran Sasso and Monti della Laga National Park staff for
their essential logistic and technical support during the
field campaigns. We wish to thank Valter Di Cecco and
Francesca Tantalo for their valuable help in fieldwork. We
are grateful to the coordinators and members of MIREN
Project, especially Sylvia Haider and Meyke Buhaly for
their valuable advice.

L. A. Santoianni was funded by PRIN 2022JBP5F8-
PREVALIEN. Enhancing Knowledge on Prevention and
Early Detection of the Invasive Alien Plants of (European)
Union concern in the Italian Protected Areas. CUP Mas-
ter: J53D2300657-0006.

This work was supported by the Grant of Excellence
Departments 2018-2022 and the Grant of Excellence De-
partments 2023-2026, MIUR Italy. G. La Bella and M.
Carboni acknowledge the support of NBFC to the Uni-
versity of Roma Tre, Department of Sciences.

M. Varricchione and A. Stanisci were funded under the
National Recovery and Resilience Plan (NRRP), Mission
4 Component 2 Investment 1.4 - Call for tender No. 3138
of 16 December 2021, rectified by Decree n.3175 of 18
December 2021 of Italian Ministry of University and Re-
search funded by the European Union - NextGeneratio-
nEU; Project code CN_00000033, Concession Decree No.
1034 of 17 June 2022 adopted by the Italian Ministry of
University and Research, CUP H73C22000300001, Proj-
ect title “National Biodiversity Future Center - NBFC”.

References

Alexander JM, Naylor B, Poll M, Edwards PJ, Dietz H (2009) Plant inva-
sions along mountain roads: The altitudinal amplitude of alien Aster-
aceae forbs in their native and introduced ranges. Ecography 32(2):
334-344. https://doi.org/10.1111/j.1600-0587.2008.05605.x

Alexander JM, Lembrechts JJ, Cavieres LA, Daehler C, Haider S, ...
Seipel T (2016) Plant invasions into mountains and alpine ecosys-
tems: Current status and future challenges. Alpine Botany 126(2):
89-103. https://doi.org/10.1007/s00035-016-0172-8

Barni E, Bacaro G, Falzoi S, Spanna F, Siniscalco C (2012) Establishing
climatic constraints shaping the distribution of alien plant species
along the elevation gradient in the Alps. Plant Ecology 213(5): 757-
767. https://doi.org/10.1007/s11258-012-0039-z

Barros A, Haider S, Miillerova J, Alexander JM, Alvarez MA, ... Lem-
brechts JJ (2022) The Role of Roads and Trails for Facilitating Moun-
tain Plant Invasions. In: Tourism, Recreation and Biological Inva-
sions. CABI, 14-26. https://doi.org/10.1079/9781800620544.0003

Bartolucci E, Peruzzi L, Galasso G, Alessandrini A, Ardenghi NMG, ...
Conti F (2024) A second update to the checklist of the vascular flora
native to Italy. Plant Biosystems 158(2): 219-296. https://doi.org/10.
1080/11263504.2024.2320126

Canavan K, Canavan S, Clark VR, Gwate O, Richardson DM, ... Mar-
tin GD (2021) The alien plants that threaten South Africa’s moun-
tain ecosystems. Land (Basel) 10(12): 1393. https://doi.org/10.3390/

land10121393


mailto:stanisci@unimol.it
mailto:stanisci@unimol.it
mailto:luciasantoianni@gmail.com
mailto:luciasantoianni@gmail.com
https://doi.org/10.1111/j.1600-0587.2008.05605.x
https://doi.org/10.1007/s00035-016-0172-8
https://doi.org/10.1007/s11258-012-0039-z
https://doi.org/10.1079/9781800620544.0003
https://doi.org/10.1080/11263504.2024.2320126
https://doi.org/10.1080/11263504.2024.2320126
https://doi.org/10.3390/land10121393
https://doi.org/10.3390/land10121393

Lucia Antonietta Santoianni et al.: MARA Vegetation Database

Capotondi L, Ravaioli M, Acosta A, Chiarini F, Lami A, ... Mazzocchi
G (2021) La Rete Italiana per la Ricerca Ecologica di Lungo Ter-
mine. Lo studio della biodiversita e dei cambiamenti. CNR-Edizioni,
Roma. https://doi.org/10.5281/zenodo.5570272

Carboni M, Guéguen M, Barros C, Georges D, Boulangeat I, ... Thuiller
W (2018) Simulating plant invasion dynamics in mountain ecosys-
tems under global change scenarios. Global Change Biology 24(1):
€289-e302. https://doi.org/10.1111/gcb.13879

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 plots. Applied Vegetation Sci-
ence 19(1): 173-180. https://doi.org/10.1111/avsc.12191

Chytry M, Tichy L, Hennekens SM, Knollova I, Janssen JAM, ...
Schaminée JHJ (2020) EUNIS Habitat Classification: Expert system,
characteristic species combinations and distribution maps of Euro-
pean habitats. Applied Vegetation Science 23: 648-675. https://doi.
org/10.1111/avsc.12519

Chytry M, Rezni¢kovd M, Novotny P, Holubova D, Preislerova Z, ...
Axmanova I (2024) FloraVeg.EU — An online database of Europe-
an vegetation, habitats and flora. Applied Vegetation Science 19(3):
173-180. https://doi.org/10.1111/avsc.12798

Ciaschetti G, Conti E, Bartolucci E, Di Martino L, Di Cecco M, ... Stinca
A (2015) A contribution to the flora of the Majella National Park.
Micologia e Vegetazione Mediterranea 30(1): 65-72.

Conti F, Bartolucci F (2016) The vascular flora of Gran Sasso and Monti
della Laga National Park (Central Italy). Phytotaxa 256(1): 1-119.
https://doi.org/10.11646/phytotaxa.256.1.1

Conti F, Ciaschetti G, Di Martino L, Bartolucci F (2019) An annotated
checklist of the vascular flora of Majella national park (Central Italy).
Phytotaxa 412(1): 1-90. https://doi.org/10.11646/phytotaxa.412.1.1

Conti E Cancellieri L, Cangelmi G, Filibeck G, Rosati L, Bartolucci F
(2022) New records of native and alien vascular plants from Abruz-
z0, Lazio and Molise National Park (Italy) — and additions to the flora
of Abruzzo and Molise administrative regions. Annali di Botanica
(Roma) 12: 23-34. https://doi.org/10.13133/2239-3129/17631

Corcos D, Nascimbene J, Campesan M, Donadello D, Segat V, Marini
L (2020) Establishment dynamics of native and exotic plants after
disturbance along roadsides. Applied Vegetation Science 23(2): 277-
284. https://doi.org/10.1111/avsc.12481

Cosentino D, Cipollari P, Marsili P, Scrocca D (2010) Geology of the
central Apennines: a regional review. Journal of the Virtual Explorer
36: [paper] 11. https://doi.org/10.3809/jvirtex.2010.00223

Costello MJ, Vanhoorne B, Appeltans W (2015) Conservation of bio-
diversity through taxonomy, data publication, and collaborative in-
frastructures. Conservation Biology 29(4): 1094-1099. https://doi.
org/10.1111/cobi.12496

Dengler ], Jansen F, Chusova O, Hiillbusch E, Nobis MP, ... Gillet F
(2023) Ecological Indicator Values for Europe (EIVE) 1.0. Vegetation
Classification and Survey 4: 7-29. https://doi.org/10.3897/V(CS.98324

Di Biase L, Pace L, Mantoni C, Fattorini S (2021) Variations in plant
richness, biogeographical composition, and life forms along an ele-
vational gradient in a mediterranean mountain. Plants 10(10): 2090.
https://doi.org/10.3390/plants10102090

Di Nuzzo L, Vallese C, Benesperi R, Giordani P, Chiarucci A, ... Nascim-
bene J (2021) Contrasting multitaxon responses to climate change
in Mediterranean mountains. Scientific Reports 11(1): 4438. https://
doi.org/10.1038/s41598-021-83866-x

Diaz S, Kattge J, Cornelissen JHC, Wright IJ, Lavorel S, ... Zotz G
(2022) The global spectrum of plant form and function: Enhanced

species-level trait dataset. Scientific Data 9(1): 755. https://doi.
org/10.1038/s41597-022-01774-9

Dostalek J, Frantik T (2024) Shifts in the altitudinal distribution of alien
and native synanthropic plants along roadsides over a 40-year peri-
od. Plant Biosystems 158(5): 1076-1084. https://doi.org/10.1080/11
263504.2024.2392526

Follak S, Eberius M, Essl E, Fiirdos A, Sedlacek N, Trognitz F (2018) In-
vasive alien plants along roadsides in Europe. Bulletin OEPP. EPPO
Bulletin. European and Mediterranean Plant Protection Organisa-
tion 48(2): 256-265. https://doi.org/10.1111/epp.12465

Forman RTT, Alexander LE (1998) Roads and their major ecological
effects. Annual Review of Ecology and Systematics 29(1): 207-231.
https://doi.org/10.1146/annurev.ecolsys.29.1.207

Frate L, Carranza ML, Evangelista A, Stinca A, Schaminée JHJ, Stanisci
A (2018) Climate and land use change impacts on mediterranean
high-mountain vegetation in the Apennines since the 1950s. Plant
Ecology & Diversity 11(1): 85-96. https://doi.org/10.1080/1755087
4.2018.1473521

Galasso G, Conti E, Peruzzi L, Ardenghi NMG, Banfi E, ... Bartolucci F
(2018) An updated checklist of the vascular flora alien to Italy. Plant
Biosystems 152(3): 556-592. https://doi.org/10.1080/11263504.2018
1441197

Galasso G, Conti E, Peruzzi L, Alessandrini A, Ardenghi NMG, ... Bar-
tolucci F (2024) A second update to the checklist of the vascular flora
alien to Italy. Plant Biosystems 158(2): 297-340. https://doi.org/10.1
080/11263504.2024.2320129

Gigante D, Angelucci S, Bonini E, Caruso F, Di Cecco V, ... Di Martino
L (2024) Seminatural Grasslands: An Emblematic Challenge for Na-
ture Conservation in Protected Areas. Land 13(3): 386. https://doi.
0rg/10.3390/1and13030386

Gotelli NJ, Colwell RK (2001) Quantifying biodiversity: Procedures
and pitfalls in the measurement and comparison of species rich-
ness. Ecology Letters 4(4): 379-391. https://doi.org/10.1046/j.1461-
0248.2001.00230.x

Gottfried M, Pauli H, Futschik A, Akhalkatsi M, Baran¢ok P, ... Grab-
herr G (2012) Continent-wide response of mountain vegetation to
climate change. Nature Climate Change 2(2): 111-115. https://doi.
org/10.1038/nclimate1329

Guarino R, Chytry M, Attorre F, Landucci F, Marceno C (2021) Alien
plant invasions in Mediterranean habitats: An assessment for Sici-
ly. Biological Invasions 23(10): 3091-3107. https://doi.org/10.1007/
$10530-021-02561-0

Haider S, Kueffer C, Bruelheide H, Seipel T, Alexander JM, ... Pauchard
A (2018) Mountain roads and non-native species modify elevational
patterns of plant diversity. Global Ecology and Biogeography 27(6):
667-678. https://doi.org/10.1111/geb.12727

Haider S, Lembrechts JJ, McDougall K, Pauchard A, Alexander JM, ...
Seipel T (2022) Think globally, measure locally: The MIREN stan-
dardized protocol for monitoring plant species distributions along
elevation gradients. Ecology and Evolution 12(2): €8590. https://doi.
org/10.1002/ece3.8590

Hammer DAT, Ryan PD, Hammer @, Harper DAT (2001) Past: Paleon-
tological Statistics Software Package for Education and Data Analy-
sis. Palaeontologia Electronica 4(1): 1-9. http://palaco-electronica.
org/2001_1/past/issuel_01.htm

Kalpi¢ D, Hlupi¢ N, Lovri¢ M (2011) Student’s t-Tests. In: Lovric M (Ed.)
International Encyclopedia of Statistical Science. Springer, Berlin,
Heidelberg, 1559-1563. https://doi.org/10.1007/978-3-642-04898-
2_641


https://doi.org/10.5281/zenodo.5570272
https://doi.org/10.1111/gcb.13879
https://doi.org/10.1111/avsc.12191
https://doi.org/10.1111/avsc.12519
https://doi.org/10.1111/avsc.12519
https://doi.org/10.1111/avsc.12798
https://doi.org/10.11646/phytotaxa.256.1.1
https://doi.org/10.11646/phytotaxa.412.1.1
https://doi.org/10.13133/2239-3129/17631
https://doi.org/10.1111/avsc.12481
https://doi.org/10.3809/jvirtex.2010.00223
https://doi.org/10.1111/cobi.12496
https://doi.org/10.1111/cobi.12496
https://doi.org/10.3897/VCS.98324
https://doi.org/10.3390/plants10102090
https://doi.org/10.1038/s41598-021-83866-x
https://doi.org/10.1038/s41598-021-83866-x
https://doi.org/10.1038/s41597-022-01774-9
https://doi.org/10.1038/s41597-022-01774-9
https://doi.org/10.1080/11263504.2024.2392526
https://doi.org/10.1080/11263504.2024.2392526
https://doi.org/10.1111/epp.12465
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1080/17550874.2018.1473521
https://doi.org/10.1080/17550874.2018.1473521
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.1080/11263504.2024.2320129
https://doi.org/10.1080/11263504.2024.2320129
https://doi.org/10.3390/land13030386
https://doi.org/10.3390/land13030386
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1038/nclimate1329
https://doi.org/10.1038/nclimate1329
https://doi.org/10.1007/s10530-021-02561-0
https://doi.org/10.1007/s10530-021-02561-0
https://doi.org/10.1111/geb.12727
https://doi.org/10.1002/ece3.8590
https://doi.org/10.1002/ece3.8590
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://doi.org/10.1007/978-3-642-04898-2_641
https://doi.org/10.1007/978-3-642-04898-2_641

Vegetation Ecology and Diversity 62 (2025) 139363

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

Kueffer C, Daehler C, Dietz H, McDougall K, Parks C, ... Rew L (2014)
The Mountain Invasion Research Network (MIREN): Linking local and
global scales for addressing an ecological consequence of global change.
Gaia (Heidelberg) 23(3): 263-265. https://doi.org/10.14512/gaia.23.3.11

Lazarina M, Charalampopoulos A, Psaralexi M, Krigas N, Michailidou
DE, ... Sgardelis SP (2019) Diversity patterns of different life forms
of plants along an elevational gradient in Crete, Greece. Diversity
11(10): 200. https://doi.org/10.3390/d11100200

Lazaro-Lobo A, Ervin GN (2019) A global examination on the differ-
ential impacts of roadsides on native vs. exotic and weedy plant
species. Global Ecology and Conservation 17: €00555. https://doi.
org/10.1016/j.gecco.2019.e00555

McDougall KL, Khuroo AA, Loope LL, Parks CG, Pauchard A, ... Kuef-
fer C (2011) Plant invasions in mountains: Global lessons for better
management. Mountain Research and Development 31(4): 380-387.
https://doi.org/10.1659/MRD-JOURNAL-D-11-00082.1

McDougall KL, Lembrechts ], Rew L], Haider S, Cavieres LA, ... Alex-
ander JM (2018) Running off the road: Roadside non-native plants
invading mountain vegetation. Biological Invasions 20(12): 3461
3473. https://doi.org/10.1007/s10530-018-1787-z

Okimura T, Koide D, Mori AS (2016) Differential processes underly-
ing the roadside distributions of native and alien plant assemblag-
es. Biodiversity and Conservation 25(5): 995-1009. https://doi.
org/10.1007/s10531-016-1103-0

Pathak R, Negi VS, Rawal RS, Bhatt ID (2019) Alien plant invasion in the
Indian Himalayan Region: State of knowledge and research priori-
ties. Biodiversity and Conservation 28(12): 3073-3102. https://doi.
org/10.1007/s10531-019-01829-1

Pauchard A, Milbau A, Albihn A, Alexander J, Burgess T, ... Kueffer
C (2016) Non-native and native organisms moving into high eleva-
tion and high latitude ecosystems in an era of climate change: New
challenges for ecology and conservation. Biological Invasions 18(2):
345-353. https://doi.org/10.1007/s10530-015-1025-x

Piacentini T, Buccolini M, Miccadei E (2017) The Terminillo, Gran Sas-
so and Majella Mountains: The ‘Old Guardians™ of the Tyrrhenian
and Adriatic Seas. In: Soldati M, Marchetti M (Eds) Landscapes and
Landforms of Italy. Springer International Publishing, Cham, 327-
337. https://doi.org/10.1007/978-3-319-26194-2_28

PostgreSQL Global Development Group (2024) PostgreSQL. https://
www.postgresql.org [September 10, 2024]

Pysek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM, ... Rich-
ardson DM (2020) Scientists’ warning on invasive alien species.
Biological Reviews of the Cambridge Philosophical Society 95(6):
1511-1534. https://doi.org/10.1111/brv.12627

R Core Team (2023) R: A Language and Environment for Statistical
Computing. https://www.R-project.org/ [August 30, 2024]

Raunkizer C (1934) The life forms of plants and statistical plant geogra-
phy. Oxford University Press Oxford UK. https://api.semanticschol-
ar.org/CorpusID:129154685

Saatkamp A, Falzon N, Argagnon O, Noble V, Dutoit T, Meineri E (2023)
Calibrating ecological indicator values and niche width for a Medi-
terranean flora. Plant Biosystems 157(2): 301-311. https://doi.org/10
.1080/11263504.2022.2104399

Santoianni LA, Innangi M, Varricchione M, Carboni M, La Bella G,
... Stanisci A (2024) Ecological features facilitating spread of alien
plants along Mediterranean mountain roads. Biological Invasions
26(11): 3879-3899. https://doi.org/10.1007/s10530-024-03418-y

Seipel T, Haider S, consortium MIREN (2022) MIREN survey of plant
species in mountains. https://doi.org/10.5281/zenodo.7495407

Sekar KC, Thapliyal N, Bhojak P, Bisht K, Pandey 4, ... Rawat RS (2024)
Early signals of climate change impacts on alpine plant diversi-
ty in Indian Himalaya. Biodiversity and Conservation. https://doi.
org/10.1007/s10531-024-02966-y

Theurillat JP, Tocchi M, Cutini M, De Marco G (2007) Vascular plant
richness along an elevation gradient at Monte Velino (Central Apen-
nines, Italy). Biogeographia — The Journal of Integrative Biogeogra-
phy 28: 149-166. https://doi.org/10.21426/B628110003

Varricchione M, Di Cecco V, Santoianni LA, Stanisci A, Di Febbraro M, ...
Carranza ML (2021) Diagnostic species diversity pattern can provide
key information on vegetation change: An insight into high mountain
habitats in Central Apennines. Journal of Zoological and Botanical
Gardens 2(3): 453-472. https://doi.org/10.3390/jzbg2030033

Viciani D, Geri E Agostini N, Gonnelli V, Lastrucci L (2018) Role of a
geodatabase to assess the distribution of plants of conservation inter-
est in a large protected area: A case study for a major national park
in Italy. Plant Biosystems 152(4): 631-641. https://doi.org/10.1080/1
1263504.2017.1308974

Vitali A, Urbinati C, Weisberg PJ, Urza AK, Garbarino M (2018) Effects
of natural and anthropogenic drivers on land-cover change and
treeline dynamics in the Apennines (Italy). Journal of Vegetation
Science 29(2): 189-199. https://doi.org/10.1111/jvs.12598

Vorstenbosch T, Essl F, Lenzner B (2020) An uphill battle? The elevational
distribution of alien plant species along rivers and roads in the Austri-
an Alps. NeoBiota 63: 1-24. https://doi.org/10.3897/neobiota.63.55096

Wickham H (2016) ggplot2: Elegant Graphics for Data Analysis. Spring-
er-Verlag New York. https://doi.org/10.1007/978-0-387-98141-3

Wickham H, Vaughan D, Girlich M (2024) tidyr: Tidy Messy Data. R
package version 1.3.1: https://github.com/tidyverse/tidyr. https://

tidyr.tidyverse.org

Supplementary material 1

Bar chart illustrating the percentage of
taxa classified by their occurrence across
the three sites

Authors: Lucia Antonietta Santoianni, Fabrizio Bartolucci, Mar-
ta Carboni, Fabio Conti, Greta La Bella, Marco Varricchione,
Angela Stanisci

Data type: png

Explanation note: The categories include species occurring in
the plots of all three sites, in the plots of two sites, and those
occurring only in the plots of one single site.

Copyright notice: This dataset is made available under the Open
Database  License  (http://opendatacommons.org/licenses/
0dbl/1.0). The Open Database License (ODbL) is a license
agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for oth-
ers, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/ved.139363.suppl1



https://doi.org/10.1111/jvs.13235
https://doi.org/10.1111/jvs.13235
https://doi.org/10.14512/gaia.23.3.11
https://doi.org/10.3390/d11100200
https://doi.org/10.1016/j.gecco.2019.e00555
https://doi.org/10.1016/j.gecco.2019.e00555
https://doi.org/10.1659/MRD-JOURNAL-D-11-00082.1
https://doi.org/10.1007/s10530-018-1787-z
https://doi.org/10.1007/s10531-016-1103-0
https://doi.org/10.1007/s10531-016-1103-0
https://doi.org/10.1007/s10531-019-01829-1
https://doi.org/10.1007/s10531-019-01829-1
https://doi.org/10.1007/s10530-015-1025-x
https://doi.org/10.1007/978-3-319-26194-2_28
https://www.postgresql.org
https://www.postgresql.org
https://doi.org/10.1111/brv.12627
https://www.R-project.org/
https://api.semanticscholar.org/CorpusID:129154685
https://api.semanticscholar.org/CorpusID:129154685
https://doi.org/10.1080/11263504.2022.2104399
https://doi.org/10.1080/11263504.2022.2104399
https://doi.org/10.1007/s10530-024-03418-y
https://doi.org/10.5281/zenodo.7495407
https://doi.org/10.1007/s10531-024-02966-y
https://doi.org/10.1007/s10531-024-02966-y
https://doi.org/10.21426/B628110003
https://doi.org/10.3390/jzbg2030033
https://doi.org/10.1080/11263504.2017.1308974
https://doi.org/10.1080/11263504.2017.1308974
https://doi.org/10.1111/jvs.12598
https://doi.org/10.3897/neobiota.63.55096
https://doi.org/10.1007/978-0-387-98141-3
https://github.com/tidyverse/tidyr
https://tidyr.tidyverse.org
https://tidyr.tidyverse.org
http://opendatacommons.org/licenses/odbl/1.0
http://opendatacommons.org/licenses/odbl/1.0
https://doi.org/10.3897/ved.139363.suppl1

	MARA Vegetation Database: Monitoring Alien species along mountain Roads in the central Apennines*
	Abstract
	Introduction
	Methods
	Study area
	Data collection
	Structure and content of the dataset
	Data analysis

	Results
	Conclusions and future perspectives
	﻿Data accessibility
	Acknowledgements
	References
	Supplementary material 1
	Bar chart illustrating the percentage of taxa classified by their occurrence across the three sites


