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ARTICLE INFO ABSTRACT

Keywords: We conducted a GIS spatial analysis with the aim of providing the first quantitative large-scale overview of the
Italian flora distribution patterns of 1536 type localities (loci classici) of 1216 Italian endemic vascular plants and their
Conservation relationship with a set of descriptive variables. Whereas some variables were used to model the presence-absence
Endemics

distribution patterns of the type localities for the whole set of endemics as well as for the subset of narrow
endemics, others (e.g., presence inside or outside protected areas and Italian Important Plant Areas) were
considered with the purpose of assessing potential assets or risks for conservation.

The largest number of type localities was found within the Mediterranean biogeographic region (1134),

Spatial analysis
Loci classici
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followed by the Alpine region (306) and Continental region (96). A total of 670 locations are located on islands,
whereas 866 are located on the Italian mainland (139 and 124 in the case of narrow endemics, respectively). A
large number of type localities are located in mountainous areas and along the coastline, which can be seen as a
potential risk for conservation. On the contrary, we detected a positive correlation with the distance from roads,
which might be considered to be an asset. Importantly, 1030 type localities fall inside protected areas, whereas
506 localities fall outside protected areas, with 259 of these unprotected localities on islands.

We propose considering the results of the analysis of the distribution of type localities of Italian endemics to
be a strategic tool for conservation planning and resource management. Application of plant micro-reserves and
integration of diverse legislation tools are suggested to strengthen efforts and increase conservation success.

1. Introduction

It is generally agreed that among the most pressing issues challen-
ging the global conservation community is how to identify biodiversity-
rich areas and distribute limited resources between regions identified as
priorities for biodiversity conservation (e.g., Canadas et al., 2014;
Wilson et al., 2006). However, biodiversity is a complex multifaceted
concept that includes scales in space and time, and areas of high
priority for conservation may be defined on the basis of habitat and
species richness, endemism, genetic or phylogenetic diversity, the
probability of species' extinctions or other indices (Ferreira and
Boldrini, 2011; Li et al., 2015; Myers et al., 2000; Orme et al., 2005;
Pavoine and Bonsall, 2011; Pouget et al., 2016; Schmeller et al., 2014).
For example, Bonner (1984) discussed the criteria that were used to
decide whether sites should be awarded the status of “Special Protected
Areas” in Antarctica. Five criteria were used, including type localities.
Importantly, since Moreau et al. (1945), it has been remarked that, in
systematic zoology, particularly that dealing with land vertebrates, the
accurate definition of the geographical position of the localities from
which taxa have been described by authors is no less essential than a
clear definition of the characters of the animals themselves.

The collection and analysis of biological data required for these
assessments are always time consuming and expensive, particularly for
rare species (Ahrends et al., 2011). Despite its importance for con-
servation, such work is chronically underfunded (Balmford and Gaston,
1999; Platts et al., 2014), many information gaps exist (Meyer et al.,
2015) and biodiversity loss is arguably proceeding more rapidly than
the documentation of species distributions and genetic diversity
(Cardinale et al., 2012; Kier et al., 2009).

As a contribution to the assessment of the national floristic biodi-
versity, during 2012-2014, a group of botanists of the Societa Botanica
Italiana (Italian Botanical Society) published the first inventory of the
type localities (loci classici) of 1400 Italian endemic vascular plants
(Peruzzi et al., 2015). Type localities are the geographical locations
documented by the valid publication of plant basionyms, accepted
names and homotypic synonyms.

Type localities are point data and, as such, cannot be considered a
robust proxy for the distribution, abundance and conservation status of
the populations of the Italian endemics. However, in the case of the
very narrow Italian endemics, we can expect to acquire useful ecolo-
gical information from analysing the distribution pattern of their type
localities because these locations are adequately representative of the
whole ecological niche of these species and are particularly worthy of
being protected. When species are known only from their type locality,
the use of type locality is generally assumed as a criterion closely re-
lated to the criterion of endemicity (Bonner, 1984).

Furthermore, type populations are of fundamental importance in
theoretical and applied taxonomy and biodiversity conservation (e.g.,
Hernandez-Kantun et al., 2015; Larridon et al., 2014). Many taxonomic
conclusions can be drawn directly from the study of type specimens (the
specimens to which scientific names are attached, usually exsiccata, i.e.,
dried plant specimens), but this is often not satisfactory. For many types
of biosystematics studies, living specimens and samples from living
populations are required (e.g., Cieslak et al., 2006; Flanagan et al.,
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2006; Hong and Zhou, 2003). These studies require the collection of
germplasm or specimens in type localities, i.e., those localities from
where the nomenclatural types were originally collected. Only this
procedure will ensure that the results obtained (e.g., the chromosome
number, DNA sequences, a diaspore collection for ex situ conservation
purposes, and species trait analysis) will certainly apply to a certain
taxon and will be taxonomically sound. Accordingly, the knowledge
and conservation of these peculiar type populations and of the related
sites are of crucial importance in comparative biology. In addition,
these localities represent a very important cultural and historical heri-
tage, being places that are visited, studied or described by relevant
personalities in the history of botany and plant biology in general.

Species distribution models can help scientists and conservation
planners estimate centres of biodiversity (Barthlott et al., 2005; Brotons
et al.,, 2004) and identify priority areas for conservation (Elith and
Leathwick, 2009) as well as patterns of major threats across the land-
scape, such as habitat loss, fragmentation and other anthropogenic
pressures (e.g., Aben et al., 2016; Ibanez et al., 2009; Newbold et al.,
2016). In contrast, one dilemma with mapping concerns which species
should be evaluated because it is impossible to map them all (Miller and
Allen, 1994; Mittermeier et al., 2004; Trisurata et al., 2012). Species
confined to very small distribution areas, so-called narrow endemic
species (Andersen et al., 1997; Kruckeberg and Rabinowitz, 1985;
Williams et al., 1996), pose very important conservation issues due to
their great vulnerability to extinction (Raedig et al., 2010) and could be
considered as a priority for action, including modelling and mapping
efforts. A second dilemma with mapping concerns the fact that re-
vealing geographical locations in publications can guide unscrupulous
collectors from the international trade to the species, which could lead
to a rapid decline in population size and even extinction (Stuart et al.,
2006).

Point data, such as museum and herbarium specimen data (Rivers
et al., 2011), have proven useful for the generation of species ranges
(Raedig et al., 2010, and references cited therein). However, there also
exist some inherent drawbacks, such as the heterogeneous sampling of
space and taxa because of varying accessibility of areas, limited re-
sources, varying attractiveness of taxa to collectors and systematic or
geographical inaccuracy, for example due to efforts associated more
with political and administrative rather than ecological boundaries
(Cadenasso et al., 2003; Ferreira and Boldrini, 2011; Knapp, 2002;
Meyer et al., 2015; Raedig et al., 2010).

To better explore the geographical distribution pattern of the whole
group of type localities, on the basis of the Italian national inventory,
we conducted a GIS-assisted spatial analysis specifically aiming to
provide the first quantitative overview of the distribution patterns and
to assess the relationship between the actual distribution of type lo-
calities and a set of descriptive variables.

To the best of our knowledge, this is the first time that this type of
analysis has been applied to such a large data-set of type localities at a
country level in Europe or anywhere else in the world.
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