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ABSTRACT

Italy has a rich natural heritage, which is dangerously under pressure. In recent years, there is an
increased awareness of the crucial role of plants in ecosystem functioning and in providing ecosystem
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services. Consequently, an updated Red List of the Italian vascular flora was compiled in this work, at

the request of the Ministry for Environment, Land and Sea Protection, with the scientific support of
the ltalian Botanical Society. The IUCN Red List criteria were applied to 2,430 Italian native vascular
plant taxa to assess their current extinction risk and to highlight the major threats affecting the Italian
flora. Our results revealed that 54 taxa (2.2% of the assessed taxa) are extinct or possibly extinct at
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regional level, while 590 taxa (24.3%) were assigned to a risk category. Moreover, 404 taxa (16.6%)
were categorized as Data Deficient. The Italian vascular flora is primarily threatened by habitat modifi-
cations due to anthropic disturbance and, especially, to agriculture, tourism and residential develop-
ment. Coastal areas and lowlands, where anthropogenic impacts and ecosystem destruction are more
pronounced, host the greatest number of extinct or declining taxa. Our results represent an important
baseline to establish conservation priorities, legislative choices and intervention strategies on a

national scale.

Introduction

One of the main goals of Conservation Biology is to avoid
extinctions and to reduce rates of species decline. Due to
the large amount of threatened taxa, this requires an estima-
tion of the species extinction risk in order to identify taxa,
and geographical areas that are prioritary for conservation
(Possingham et al. 2002; Isaac et al. 2007; Carta et al. 2019).
Current understanding of ongoing extinction comes primarily
from projections or assessments of extinction risk (Brummitt
et al. 2015; Humphreys et al. 2019). The IUCN Red Lists of
Threatened Species are widely recognized as the most
authoritative information source on the extinction risk of

species, because they use a standardized set of quantitative
criteria for assessing species conservation status and threats
(Maes et al. 2015; Collen et al. 2016).

The application of the IUCN Red List categories and crite-
ria allows the production of Red Lists, which are widely rec-
ognized as valuable tools in nature conservation
programmes (IUCN 2017). For instance, up-to-date Red Lists
are fundamental starting points for conservation actions as
they provide useful information to support prioritization pro-
cedures of conservation emergencies, and to monitor
changes in the conservation status of species (Moreno Saiz
et al. 2015). Moreover, althought Red Lists cannot be consid-
ered policy prescriptive, they represent a valid tool (if not
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the only one available) to highlight the presence of threat-
ened plant species in Natura 2000 sites Standard
Data Forms.

Although in several countries the priority of up-to-date
Red Lists has been addressed since a long time, the urgency
of compiling Red Lists has long been underestimated in Italy.
The first Italian red data book included vascular plants, bryo-
phytes and lichens (Conti et al. 1992). It listed 458 vascular
plants, representing 5.6% of the Italian native vascular flora.
This first contribution was followed by revisions, limited to
vascular plants, at national and regional levels (Conti et al.
1997; Pignatti et al. 2001). These Red Lists stimulated Italian
botanists to investigate rare and declining plants. As a major
outcome, after a few years, several species considered to be
extinct in Italy were rediscovered. These include Brassica pro-
cumbens (Poir) O.E.Schulz (Baldini 1998), Gagea spathacea
(Hayne) Salisb. (Delfini et al. 2005), and Trifolium latinum
Sebast. (Fanelli et al. 2012). Additionaly, the publication of
national checklists (Conti et al. 2005; Bartolucci, Peruzzi, et al.
2018) substantially improved the knowledge on the Italian
flora since the first version of the Red List was published. Such
checklists incorporated the latest taxonomic updates, along
with a large amount of floristic and taxonomic novelties pub-
lished in regional and local floras, and in the scientific reports
published by the working group for Floristics, Systematics and
Evolution of the Italian Botanical Society (Bartolucci et al.
2016; Bartolucci, Peruzzi, et al. 2018; Bartolucci, Domina,
Ardenghi, Banfi, et al. 2018, Bartolucci, Domina, Ardenghi,
Bacchetta, et al. 2018; Bartolucci et al. 2019).

Therefore, new data concerning the diversity of the Italian
vascular flora highlighted the need to update the existing
Italian Red Lists of vascular plants. This urgency is emphasized
by the fact that such Red Lists were compiled based on an
older version of the IUCN red listing protocol, which shows
substantial differences from the current IUCN standards (IUCN
2012a). A further boost to a new red listing phase of the
Italian flora was given by a series of papers published since
2008 in the journal Informatore Botanico [taliano (currently
Italian Botanist), devoted to the assessment of plant taxa of
conservation concern (e.g., Rossi et al. 2008; Fenu et al. 2018,
2019; Orsenigo, Cambria, et al. 2018, Orsenigo et al. 2019).
Finally, in 2012 the Italian Ministry for Environment, Land and
Sea Protection commissioned the Italian Botanical Society to
produce a New Red List of the Italian flora (Rossi et al. 2013;
2014; 2020). The present work, coordinated by the working
group for Nature Conservation of the Italian Botanical Society,
provides and analyses the results of the assessment of 2,430
Italian vascular plant taxa, thus representing the most compre-
hensive report on the conservation status of the flora of Italy.
The information presented here will be a reference for plan-
ning conservation actions and for raising public awareness on
plant diversity in Italy.

Materials and methods
Species selection and information source

The overall target included 2,430 taxa, which were selected
according to three criteria: 1) policy species (PS: taxa listed in

the annexes of the Habitats Directive 92/43/EEC and Bern
Convention) (Rossi et al. 2016; Fenu et al. 2017), 2) taxa
endemic to Italy (Peruzzi et al. 2014), and 3) a group of taxa
of conservation concern. The latter group encompassed: a)
plants occurring in highly threatened habitats (e.g., wetlands
and coastal habitats) for which a decline was documented
over the last 30years, and b) taxa considered as EX, EW, or
CR in the previous Italian Red Lists (Conti et al. 1992, 1997).
As far as the information source is concerned, in the final
dataset we summed up all the risk assessments currently
available for the Italian vascular plants. In particular, the
assessment data for Italian policy species and Italian endemic
taxa were deduced from Rossi et al. (2016) and Orsenigo,
Montagnani, et al. (2018), respectively. Further information
for other species of conservation concern were obtained
from the contributions published since 2008 in the journal
Informatore Botanico Italiano (later Italian Botanist). Finally,
the dataset was completed by integrating unpublished data
for 932 taxa (Table 1).

Red listing procedure

The conservation status of the selected taxa was assessed
according to the IUCN categories and criteria (IUCN 2012a).
Records on species distribution were collected from pub-
lished and unpublished data, herbarium specimens, and
recent field surveys (since the early 2000s onwards). For taxa
growing in pristine habitats, such vertical cliffs or remote for-
ests, data since the early 1990s were used. All of the col-
lected records were validated by groups of regional experts
(Rossi et al. 2013; 2020). The taxonomic nomenclature was
updated according to the recent national checklist
(Bartolucci, Peruzzi, et al. 2018) and subsequent updates
(Bartolucci, Domina, Ardenghi, Banfi, et al. 2018; Bartolucdi,
Domina, Ardenghi, Bacchetta, et al. 2018; Bartolucci, et al.
2019). The collection of data on distribution and threats was
followed by a preliminary assessment, which underwent a
process of peer review during a series of workshops pro-
moted by the working group for Nature Conservation of the
Italian Botanical Society (Rossi et al. 2014). Over 100,000
records were processed in QGIS 2.18 (2017). These records
were organized into a geo-database including sites of taxon
occurrence (a total of 59,887 cells) on a fixed 2 x 2km grid
(Gargano 2011), population trends, and the main threats at
local level identified by means of expert-based observations
and literature sources. Threats were classified according to
the IUCN threats classification scheme (version 3.2 - IUCN
2012b), and the relative data were used to classify the major
threats affecting vascular plants in Italy. The assessments
were mostly based on criterion B. However, when reliable
data on population size and/or trends were available, other
criteria were also applied (i.e. A, C, and D). The grid-based
mapping approach allowed for standardizing calculations of
Area of Occupancy (AOO), as required under criterion B2
(IUCN 2012a). Following the precautionary approach sug-
gested by Butchart et al. (2006), taxa that were not recorded
during the previous three decades, but for which uncertainty
regarding extinction remained, were categorized as “Critically
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EX 0.4

fhs

EW 0.2

CR(PE)
1.7

Figure 1. Reprentativeness (%) of Red List categories in the Italian vascular flora. For each threat category, a representative plant taxon is shown. Clockwise from
the left: herbarium sample of Hieracium tolstoii Fen. & Zahn (EX); Stratiotes aloides L. (EW); Mandragora officinarum L. (CRI[PE]); Anchusa litorea Moris (CR); Bellium
crassifolium Moris (EN); Aethionema thomasianum J.Gay (VU); Aquilegia lucensis E.Nardi (NT); Campanula fragilis Cirillo subsp. fragilis (LC) and Lindernia procumbens

(Krocker) Philcox (DD).

Endangered - Possibly Extinct [CR(PE)]”. A taxon was consid-
ered extinct (EX) when it was not recorded in the last
50years, and when recent field surveys focused on finding
the taxon in its historical area of occurrence were
unsuccessful.

Results
Red listing

Overall, our dataset included the assessment of the extinc-
tion risk for 29.7% of the whole Italian vascular flora. Nine
taxa (0.4% of the assessed taxa) were categorized as
Extinct (EX) or Regionally Extinct (RE) in Italy: Aldrovanda
vesiculosa L., Anthyllis hermanniae L. subsp. sicula Brullo &

Giusso, Herniaria fontanesii Gay subsp. empedocleana
(Lojac.) Brullo, Hieracium tolstoii Fen. & Zahn, Limonium
catanense (Tineo ex Lojac.) Brullo, Ranunculus hostiliensis
Pignatti, Ranunculus mutinensis Pignatti, Sonchus palustris
L., Suaeda kocheri Guss. ex C.Brullo, Brullo & Giusso. Four
taxa (0.2%) were recognized as Extinct in the Wild (EW) in
Italy: Carlina acanthifolia All. subsp. utzka (Hacq.) Meusel &
Kastner, Clematis integrifolia L., Limonium intermedium
(Guss.) Brullo, and Stratiotes aloides L. The category EW
assigned to L. intermedium is valid at a global level, since
this species is endemic to ltaly. Fourty-one taxa (1.7%)
were not recorded in recent years and were, thus, quali-
fied as Critically Endangered (Possibly Extinct) [CR(PE)]
(Figure 1; Table S1).
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12.0ther options

11.Climate change and severe weather

10.Geological events

9.Pollution

8.Invasive and other problematic species, genes and disease

7.Natural system modifications

6.Human intrusions and disturbance

5.Biological resource use

4. Transportation and service corridors

3.Energy production and mining

2 Agriculture and aquaculture

1.Residential and commercial development

10

T T T T T T T T T ' T
15 20 25 30 35 40

% vascular plant species

Figure 2. Percentage of ltalian vascular plants affected by each major threat category according to the IUCN Threats Classification Scheme (version 3.2-

IUCN 2012b).

Overall, 590 taxa (24.3%) were assigned to a risk category
(Figure 1). Additional 395 taxa (16.2%) qualified as Near
Threatened (NT), and 987 (40.6%) as Least Concern (LC).
Finally, 404 taxa (16.6%) were considered as Data Deficient
(DD), because available data did not allow a reli-
able assessment.

Major threats

The most common threat to the lItalian vascular flora was
“natural system modifications” (39% of the 2,430 taxa), followed
by “agriculture and aquaculture” (27%), “residential devel-
opment” (27%), and “human disturbance” (20%; Figure 2).
Most threats are co-occurring, indicating that many taxa are
subjected to a set of correlated adverse processes (Table S1).
For instance, many plants threatened by tourism and recre-
ational areas development were also threatened by the
impact of transport, like roads and railroads (Table 1).
Threats to vascular plants varied among geographical areas.
Taxa occurring in coastal habitats resulted more affected by
tourism development and disturbance, while processes
related to residential and commercial development, agricul-
ture, and transportation and service corridors affected taxa
living in the most populated areas, usually in lowlands.
Climate change (drought), plant collection for commercial or
cultural purposes, and non-native invasive species currently
represent minor threats.

Discussion

By summing up pre-existing and unpublished data, this
study presents the assessment of 2,430 vascular taxa native

to ltaly, i.e. about 30% of the 8,195 native vascular taxa
recorded for Italy (Bartolucci, Peruzzi, et al. 2018). Many other
national Red Lists of vascular plants were produced in
Europe in the last decade, e.g., in Spain (1,571 taxa assessed
- Moreno Saiz 2008) or England (1,859 taxa assessed, includ-
ing all the microspecies of Hieracium and Taraxacum - Stroh
et al. 2014). The Italian Red List presented here is one of the
largest and most complete assessments of the vascular flora
native to a country in Europe and in the Mediterranean
Basin, only recently overtaken by France (4,982 taxa eval-
uated - UICN France et al. 2018). The proportion of Italian
threatened vascular plant taxa (24.3%) is slightly higher com-
pared to the global estimations (22.0% - Brummitt et al.
2015), and comparable to other European or Mediterranean
countries, e.g., England (19.9% - Stroh et al. 2014) and Spain
(22.1% - Munoz-Rodriguez et al. 2016), although in the latter
country the taxa have been evaluated through a quick
assessment  process (Munoz-Rodriguez et al. 2016).
Conversely, the rate of threatened vascular plants in Italy is
more than double than that of France (9.7% - UICN France
et al. 2018). However, in the latter country, the assessment
regarded most of the taxa recorded nationwide and not only
those considered of conservation interest. The proportion of
threatened taxa in the present extended Red List is even
slightly higher (24.3%) than that obtained considering only
the Italian endemics (22,4% - Orsenigo, Montagnani, et al.
2018). Once again, this could be explained by the assess-
ment, for the present Red List, of taxa living in highly threat-
ened habitats or with a documented decline in the
past years.

In recent years, a large amount of information was pub-
lished about the Italian vascular flora, deriving from field
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surveys, checklists, floras, and taxonomic revisions. Despite
this, about 17% of the taxa assessed herein were categorized
as Data Deficient. This suggests a lack of distribution data,
limited information on threats, and/or significant gaps in
taxonomic knowledge for many taxa. Moreover, the occur-
rence of 41 taxa was not observed in recent times, so that
they were assessed as CR(PE). Consequently, further field,
taxonomic, biogeographical, and ecological investigations of
the Italian vascular flora should be undertaken to fill these
gaps, with special regard to least known areas and groups of
species, such as apomictic and poorly known genera.

The analysis of threats affecting vascular plants reveals
that the anthropic pressure related to land use changes is
the main driver of extinction risk. In particular, more than
60% of the assessed taxa are affected by direct and/or indir-
ect human disturbances, like natural system modifications,
agriculture, residential and commercial development, recre-
ational activities or transportation and service corridors
(Figure 2; Table S1). Many of the extinct or possibly extinct
taxa grew in habitats or geographical areas that underwent
drastic upheavals in the last decades. Some examples come
from the wetlands in the Po Plain (Bolpagni et al. 2018),
where some species (e.g., Aldrovanda vesiculosa L., Pilularia
globulifera L., Ranunculus hostiliensis Pignatti, etc.) met extinc-
tion due to changes in agricultural practices. On the Italian
islands, some plants (e.g. Anthyllis hermanniae L. subsp. cor-
sica Brullo & Giusso and Limonium intermedium (Guss.)
Brullo) underwent extinction because the growing tourist
inflow is causing severe impacts on dunal and other coastal
habitats (see e.g. Ballantyne and Pickering 2013; Wraith and
Pickering 2018). The abandonment of traditional agricultural
practices and crops like emmer or flax caused the decline
and extinction of some segetal species (Storkey et al. 2012;
Perrino and Calabrese 2018): this is the case for Silene linicola
C.C.Gmel. or Bromus grossus Desf. ex DC. No threats were
recorded for about 20% (484) of the assessed taxa, mainly
living in mountain areas, where anthropic pressure is lower.
As previously observed (e.g. Fenu et al. 2017; Orsenigo,
Montagnani, et al. 2018), some highly-debated threatening
factors (e.g. climate change, invasive species) seem to have a
negligible impact on the Italian native flora. On a global
level, climatic change and alien species are considered two
alarming drivers of species extinction (Gémez et al. 2015;
Bellard et al. 2016). Nonetheless, only a minor fraction of the
assessed Italian taxa results directly affected by such threats.
Probably, this incongruence reflects difficulties in quantifying
the true impact of these endangering processes due to the
lack of reliable assessment methods (Attorre et al. 2018).

Our results represent an important baseline to establish
conservation priorities, legislative choices, and intervention
strategies on a national and regional scale. We recommend
scientists and stakeholders to take this information into
account in conservation planning, allowing for an optimiza-
tion of conservation efforts while minimizing conservation
costs (Carta et al. 2019). Conservation measures for endan-
gered species, both at legal and practical levels, cannot be
further postponed if we truly intend to prevent their

extinction and halt the further deterioration of the Italy’s bio-
diversity status.
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