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A B S T R A C T

The South-Western Alps host a great diversity of vascular plants, and especially endemic taxa. Thus, setting up a
hierarchisation of patrimonial taxa of this biogeographical territory is needed in order to determine the main
conservation concerns of flora. We adapted a hierarchisation method which leans on two criteria representing
different kinds of rarity, and a third criterion which incorporates potential threats. This hierarchisation goes
further than the objectives assigned to red lists and protection lists because it assesses taxa by taking into account
the territorial context, using a standardised method, objective and reproducible. The classification of 913 pa-
trimonial taxa into four concern categories aims to improve the available financial and human resources allo-
cation for conservation measures.

1. Introduction

For many years, biodiversity decline has been a global concern;
thereby the conservation of threatened taxa has become a major issue
(Cardinale et al., 2012; Mace, Possingham, & Leader-Williams, 2007;
Millennium Ecosystem Assessment, 2005; Vitousek, 1994). However,
protection of all the taxa or ecosystems is not an achievable goal owing
to wildlife’s extreme diversity and finite allocated budgets. Setting up a
hierarchisation of highest conservation concerns taxa is needed to de-
fine priority goals and to rationalise the means to implement con-
servation actions (Coates & Atkins, 2001; Gauthier, Debussche, &
Thompson, 2010; Marsh et al., 2007). In fact, biodiversity conservation
in a given area requires different steps. The first step is usually risk or
threats assessment, for example setting up red lists of threatened species
developed by the International Union for Conservation of Nature
(IUCN). Setting up a hierarchisation is often a second step (Henle et al.,
2013; Pullin, Sutherland, Gardner, Kapos, & Fa, 2013; Wilson,
Carwardine, & Possingham, 2009); it could target geographical assets
(e.g. Rodrigues et al., 2004) or biological assets, as habitats (e.g. Berg
et al., 2014), species (e.g. Gauthier et al., 2010) or populations (e.g.
Bonin, Nicole, Pompanon, Miaud, & Taberlet, 2007). The next step is

usually conservation projects or actions priority-setting (e.g. Joseph,
Maloney, & Possingham, 2009). Finally, the last step consists in con-
servation actions success assessment.

Current conservation needs rarely follow administrative areas,
regulatory lists or threat status defined by red lists, especially in a re-
latively narrow area which includes regional biodiversity hotspots in
which territory responsibility is highest (Keller & Bollmann, 2004;
Schmeller et al., 2008). Red lists of threatened animal and plant species
developed with IUCN criteria constitute an objective assessment of
extinction risk in a given area, but do not constitute a priority list for
species long term conservation, because they were not created for this
purpose (IUCN, 2012). However, red lists are often mistakenly con-
sidered as a hierarchical list of priorities for conservation actions, and
thus conservation priorities are mainly or even only based on extinction
risk. Although extinction risk is a critical component of priority-setting
systems, it is important to take into account other factors to maximise
conservation actions efficiency (Fitzpatrick, Murray, Paxton, & Brown,
2007; Miller et al., 2006). Therefore, resource allocation based only on
IUCN categories is not the most efficient way to help species recovery or
to minimise extinction rates (Marsh et al., 2007). Likewise, regulatory
lists are not directly applicable to select priority species because they
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often depend on policy resolutions, are subject to uncertainty of expert
assessment and are spatially restricted (Jiménez-Alfaro, Colubi, &
González-Rodríguez, 2010). However, priority lists can be used to set
up protection lists (e.g. Gauthier et al., 2010; Martín et al., 2010;
Schatz, Gauthier, Debussche, & Thompson, 2014).

A hierarchisation classifies assets according to selected criteria.
Many approaches choose a great number of criteria, up to 30 criteria
(e.g. Millsap, Gore, Runde, & Cerulean, 1990; Reece & Noss, 2014;
Gaiarsa, Alencar, Valdujo, Tambosi, & Martins, 2015). Usually, these
criteria can be gathered in 3 main groups: threats (or vulnerability),
which is often assessed as taxa IUCN status, rarity (or local distribu-
tion), and territorial responsibility (or endemism or international im-
portance) (e.g. Gauthier et al., 2010; Schatz et al., 2014). Beside these
main criteria, other criteria are sometimes used, e.g. taxonomic dis-
tinctiveness, ongoing management, protection status, economic and
social values, ecological feature… (e.g. Freitag & van Jaarsveld, 1997;
Carter, Hunter, Pashley, & Rosenberg, 2000; Pärtel et al., 2005;
Bacchetta, Farris, & Pontecorvo, 2012). Among the methods for tar-
geting species, we can distinguish focal species selection methods and
setting priorities methods, and among the latter we can distinguish «
point-scoring » methods (or cumulative systems) and « rule-based »
methods (or categorical systems) (Jiménez-Alfaro et al., 2010; Mace
et al., 2007). Point-scoring methods are widely known, quantitative,
reproducible and objective methods, and are based on readily mea-
surable variables (Jiménez-Alfaro et al., 2010). In this study, we
adapted the point-scoring method developed by Gauthier et al. (2010),
a method which uses a small number of criteria, relatively easy to assess
for a great number of taxa, and embodying the three main kinds of
criteria. This method is easily reproducible and can be adapted to dif-
ferent administrative or biogeographical areas, different scales, and
different plant groups. Different applications of the Gauthier et al.
(2010) method (Gauthier, Foulon, Jupille, & Thompson, 2013;
Kricsfalusy & Trevisan, 2014; Maciel, Oliveira-Filho, & Eisenlohr, 2016;
Schatz et al., 2014) all used the three same criteria, but assessed them in
different ways, according to their particular context.

The South-Western Alps, located at the interface between the Alps
mountains and the Mediterranean region, host many endemic plants,
with very restricted distribution areas but shared between two coun-
tries, France and Italy. Therefore, a hierarchisation of taxa not applied
to an administrative area but to a biogeographical area is a consistent
approach with global conservation concerns. In fact, the biogeo-
graphical conservation approach (e.g. Ladle & Whittaker, 2011) enables
to improve the definition of protection issues which is often biased by
approaches reduced to administrative areas and whose methods and
objectives can vary from an area to another (Pärtel et al., 2005). Inside
the Mediterranean basin, one of the 35 biodiversity hotspots on a global
scale (Médail & Myers, 2004), Maritime and Ligurian Alps (which are
an integrative part of South-Western Alps) constitute one of the 10
regional biodiversity hotspots. Biodiversity hotspots are defined as
areas where exceptional concentrations of endemic species undergo
exceptional loss of habitat (Myers, Mittermeier, Mittermeier, da
Fonseca, & Kents, 2000). They are both an endemism centre and a
glacial refuge for Mediterranean and alpine flora (Casazza, Zappa,
Mariotti, Médail, & Minuto, 2008; Médail & Diadema, 2009; Noble &
Diadema, 2011). The South-Western Alps have a great originality of
flora with more than 150 endemic and subendemic taxa (Aeschimann,
Rasolofo, & Theurillat, 2011). Moreover, with the population increase
and tourism boom, many low altitude taxa are critically threatened of
extinction (Médail & Verlaque, 1997; Noble et al., 2015; Salanon,
Grandili, Kulesza, & Pintaud, 1994). Refuge areas, containing a great
biodiversity, are also threatened by human impacts because they are
submitted to important pressures (Médail & Diadema, 2006).

The purpose of this work is to rank patrimonial taxa of the South-
Western Alps flora, a biodiversity hotspot, based on a limited number of
standardised criteria readily available, aiming to prioritise their con-
servation concerns, and to compare this hierarchisation results with red

lists and protection lists status.

2. Study area and taxa

2.1. Study area

The study area corresponds to the definition of the South-Western
Alps according to Aeschimann et al. (2011), extended to Provençal
peripheral mountains, because it matches the distribution ranges of
many endemic species (e.g. Berardia subacaulis, Campanula rotundifolia
subsp. macrorhiza, Fritillaria involucrata, Helictotrichon sempervirens,
Sempervivum calcareum etc.). In order to implement an efficient con-
servation, the study area must reflect the real distribution of species,
not administrative boundaries. This geographical unit is not strictly
homogeneous from a biogeographical point of view, because it is lo-
cated at the limit between temperate Europe and the Mediterranean
basin (Takhtajan, 1986), but it is a consistent ensemble in terms of
geomorphology, in relation to its geological history, and reflects the
reality of biological processes. This territory is a continuum from
Mediterranean to alpine environments, going from sea level to more
than 4000m above the sea level. This particular location is one of the
explanatory components of diversity and originality of the flora of this
area (Noble & Diadema, 2011). The study area (Fig. 1) extends on about
43,000 km²:5000 km² in Italy (12%) and 38,000 km² in France (88%).
80% of Provence-Alpes-Côte d’Azur region (PACA, France) and 50% of
Liguria region (Italy) are included in the study area. Two other ad-
ministrative regions are also marginally included: Auvergne-Rhône-
Alpes (France) and Piemonte (Italy).

2.2. Taxonomic targets

This work targets patrimonial taxa (vascular plants and mosses)
which include: (i) endemic or subendemic taxa in the study area, (ii)
threatened taxa, and (iii) taxa protected by law.

Endemic taxa distribution is entirely included in the study area and
subendemic taxa distribution is included at least at 80% in the study
area. Threatened taxa are classified in IUCN categories: CR (critically
endangered), EN (endangered) or VU (vulnerable) in the national red
lists in France and in Italy, or in the regional red lists in Liguria,
Piemonte and Provence-Alpes-Côte d’Azur (PACA) (Arillo et al., 2005;
Noble et al., 2015; Rossi et al., 2013; UICN France, FCBN, MNHN,
2012). Protected taxa have a protection status at European, national
(France or Italy) or regional (Liguria, Piemonte, PACA or Auvergne-
Rhône-Alpes) levels. Exogenous taxa were excluded from this analysis,
just as those not found since 1990. In total, 913 taxa are ranked, which
represents about a quarter of the indigenous flora of the study area.

The occurrence data come (i) from the database SILENE-Flore of the
Conservatoire botanique national méditerranéen de Porquerolles
(CBNMed) and the Conservatoire botanique national alpin (CBNA)
(http://flore.silene.eu) for PACA region, (ii) from the flora database of
CBNA for Auvergne-Rhône-Alpes region, (ii) from the Libios database of
the Agenzia Regionale per la Protezione dell’Ambiante Ligure (ARPAL)
and of the Parco Naturale del Marguareis for Liguria region, and (iv)
from the database of the Parco Naturale Alpi Marittime for Piemonte
region. These geo-localised data were combined through a web-service
developed in the framework of European program Alcotra n°192
BIODIVAM (http://biodivam.eu) based on a shared taxonomic re-
ference document adapted for the study from TAXREF V5 (Gargominy
et al., 2012) for France and from Pignatti (1982) for Italy. In total al-
most 400,000 occurrence data were used in this work.

3. Methods and results

3.1. Selection and quantification of criteria

This hierarchisation method for taxa is adapted from the point-
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scoring method developed by Gauthier et al. (2010). The three selected
criteria are biogeographical rarity (adapted from the regional respon-
sibility criterion), local rarity and potential threats to the taxa. This last
criterion is assessed through two sub-criteria, habitat vulnerability and
populations occurring in artificialised areas. Each criterion or sub-cri-
terion is divided in 5 classes ranked from 1 to 5, 5 representing the
score for the rarest or most threatened taxa (Table 1).

Biogeographical rarity criterion aims to prioritise taxa with a
restricted global distribution (Gauthier et al., 2013). It is assessed using
chorology, a typology of global distribution of taxa (Aeschimann,
Lauber, Moser, & Theurillat, 2004; Pignatti, 1982; Tison & de Foucault,
2014; Tison, Jauzein, & Michaud, 2014). Endemic taxa were defined as
their distribution area is entirely included in the study area, whereas
subendemic taxa were defined as 80% of their distribution area is in-
cluded in the study area. Among widely distributed taxa (scoring 1 or 2)
a bonus point is assigned to those reaching the limit of their distribution
area, and those which have a disjointed distribution area.

Local rarity criterion aims to prioritise locally rare taxa in the
study area, because they have a greater probability of going extinct
because of stochastic factors (Gauthier et al., 2010), even though the
link between intrinsic rarity and extinction is not systematic (cf. Gaston,
1994). This criterion is assessed as the number of occurrence grid cells
(5 km×5 km) of taxa in the study area. To limit bias of the grid po-
sition, the average number of occurrences obtained from 100 randomly
placed grids was calculated (software R 3.0.2). The quantile method
was used to split local rarity scores into 5 equal size classes.

Potential threats criterion aims to prioritise taxa threatened by
extrinsic factors which can lead to a fast population decline and local
extinction (Kricsfalusy & Trevisan, 2014). Two factors are taken into
account for the assessment: habitat vulnerability and artificialisation.
For each taxon, threats score was calculated as the average of habitat
vulnerability score and artificialisation score.

Habitat vulnerability assesses the risk of habitat loss (in terms of
surface or functionality) including both natural and artificial causes
(Gauthier et al., 2010). It is defined as its sensitivity to pressures or
threats and its capacity to face the damages caused by these pressures
or threats (Bensettiti, Puissauve, Lepareur, Touroult, & Maciejewski,
2012). This assessment was carried out in 5 steps (Fig. 2) and based on
EUNIS typology (EUropean Nature Information System) (Louvel,

Gaudillat, & Poncet, 2013; Bajjouk et al., 2015a,b vol. 1 and 2). To limit
potential bias ensuing from expert opinion, we used the Delphi tech-
nique (Hsu & Sandford, 2007; Mukherjee et al., 2015). 33 EUNIS ha-
bitats (level 2) were assessed. We assigned one or two habitat types to
taxa: in most cases we can consider that they have one or two main
habitats, even if they can be found in others.

Soil artificialisation assessment aims to prioritise taxa whose po-
pulations occur in artificial areas (Vimal, Geniaux, Pluvinet, Napoleone,
& Lepart, 2012). We chose to add artificialisation sub-criterion because
in this biodiversity hotspot, it represents a major threat to taxa through
habitat loss (e.g. Médail & Diadema, 2006). The vectorial shape from
CORINE Land Cover, 2012 (level 1) was used to extract artificial lands:
« artificial surfaces » (code 1), « arable land » (code 21) and « permanent
crops » (code 22) were considered as artificial (software QGIS 2.6.1).
For each taxon, an artificialisation percentage was calculated as the
average artificialisation rate of all of its occurrence grid cells. The
quantile method was used to split artificialisation scores into 5 equal
size classes.

3.2. Hierarchisation of taxa

The final score was calculated using the sum of scores summarisa-
tion method (e.g. Millsap et al., 1990; Sapir, Shmida, & Fragman, 2003;
Zhang, Gao, Wang, & Cao, 2015): the final score is equal to the sum of
biogeographical rarity score, local rarity score and threats score
(Table 2). The equivalent class discretisation method was used to gather
taxa into four priority levels (Table 3). Only one taxon obtained the
maximum score of 15, Artemisia molinieri, and two taxa obtained the
minimum score of 3, Huperzia selago and Ranunculus glacialis. More than
80% of taxa obtained a final score between 5.5 and 11. Only 4% of the
taxa are classified as very high concern, and 15% as low concern. Very
high and high concern taxa represent a little less than half of the taxa
(44%) (Table 3).

3.3. Criteria determining conservation concerns

Taxa distribution is presented for each selected criterion and each
conservation concern group (Fig. 3). For very high concern taxa
(Fig. 3a), local rarity criterion is determining: all the taxa obtained a

Fig. 1. Study area: the South Western Alps. It in-
cludes parts of four different administrative regions
of two different countries, France and Italy.
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score of 5 for this criterion (less than 5 occurrence grid cells), except
one that obtained a score of 4. Other criteria are also important, with
about two thirds of taxa occurring in more than 30% of artificialised
areas, about half being endemic of the study area, and about 40% oc-
curring in threatened habitats. Two groups of locally rare and artifi-
cialised areas occurring taxa can be distinguished: (i) endemic taxa of
the study area (17 taxa) with very narrow distributions (e.g. Acis fabrei),
and (ii) taxa with wider global distribution but occurring in very
threatened habitats (e.g. Cyperus capitatus).

For high concern taxa (Fig. 3b), local rarity is also a determining
criterion: more than 70% of taxa obtained a score of 4 or 5 (less than 12
occurrence grid cells), and only one taxon obtained a score of 1 (San-
tolina decumbens, endemic of Provence). Artificialisation criterion is also
important with about one third of taxa occurring in more than 30%
artificialised areas. Biogeographical rarity and habitat vulnerability are
quite evenly distributed. However, more than half of endemic taxa of
the study area are classified as high concern. Two groups of locally rare
taxa can be distinguished: (i) endemic taxa of the study area (e.g.
Ballota frutescens), and (ii) taxa with wider global distribution but
threatened by habitat vulnerability or soil artificialisation (e.g. Hydro-
cotyle vulgaris).

For moderate concern taxa (Fig. 3c), the four criteria are important,
with about 70% of taxa occurring in moderately vulnerable habitats,
about 60% relatively common in the study area (more than 34 occur-
rence grid cells), and more than half not occurring in artificial areas
(less than 4% of populations in artificial areas) and having a wide
distribution (e.g. Dracocephalum austriacum).

For low concern taxa (Fig. 3d), local rarity criterion is also de-
termining: 97% of taxa obtained a score of 1 or 2 (more than 34 oc-
currence grid cells), and none obtained a score of 4 or 5 for this cri-
terion. Biogeographical rarity and habitat vulnerability are also
important: more than 85% of taxa obtained a score of 1 or 2, and none
endemic or subendemic taxa was classified in this group. Habitat vul-
nerability is the only criterion for which some taxa obtained a score of 5
(Juncus filiformis, Pinguicula vulgaris, Primula farinosa and Triglochin
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Fig. 2. Assessment of the sub-criterion habitat vulnerability in 5 steps. One or two ha-
bitats were assigned to each taxon according to its known ecological preferences. Then
the assessment was carried out independently by eight experts using a list of 13 pressures
and threats (appendix 7 in Bensettiti et al., 2012). The final assessment was constructed
using the Delphi technique, an information return process which enables and encourage
participants to review their initial judgments in order to reach an opinion consensus (De
Lange, Sala, Vighi, & Faber, 2010; Hsu & Sandford, 2007). Habitat vulnerability was
calculated as the average of the 5 most important threats on each habitat, then turned
into scores using the quintile method.
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palustre). Finally, about two thirds of the taxa occur in moderately ar-
tificial areas.

3.4. Comparison of hierarchisation results to red lists and protection lists

Taxa IUCN status in PACA (Noble et al., 2015) and in Liguria (Arillo
et al., 2005) red lists and legal status (European, national or regional
protection) were compared to taxa conservation concerns in the present
approach (Table 4). These two regional red lists were chosen because
they cover administrative areas included for more than a half in the
study area. Others red lists cover areas are too different to make a re-
levant comparison.

PACA red list taxa distribution shows a quite important consistency
with conservation concerns defined by the hierarchisation (Table 4). In
fact, very high and high concern taxa include 87% of the critically
endangered taxa (CR), 78% of the endangered taxa (EN), 64% of the
vulnerable taxa (VU) and 53% of the near-threatened taxa (NT). Only

Table 2
Hierarchisation of taxa according to their final scores, which is the sum of biogeographical rarity score, local rarity score and threats score (which is the average of habitat vulnerability
score and artificialisation score), for the 50 top-ranked taxa (see the hierarchisation of all taxa in the appendix).

Taxa names Biogeo. rarity score Local rarity score Habitat vuln. score Artif. score Threats score Final score Rank Concern

Artemisia molinieri 5 5 5 5 5 15 1 Very high
Romulea arnaudii 5 5 3 5 4 14 2 Very high
Armeria arenaria subsp. pradetensis 5 5 2 5 3.5 13.5 3 Very high
Acis fabrei 5 5 2 4 3 13 4 Very high
Centaurea paniculata subsp. gallinariae 5 5 2 4 3 13 4 Very high
Centaurea pseudocineraria 5 5 1 5 3 13 4 Very high
Molineriella minuta 3 5 5 5 5 13 4 Very high
Romulea florentii 5 5 2 4 3 13 4 Very high
Scrophularia canina subsp. ramosissima 3 5 5 5 5 13 4 Very high
Senecio leucanthemifolius subsp. crassifolius 5 4 3 5 4 13 4 Very high
Teucrium dunense 3 5 5 5 5 13 4 Very high
Verbena supina 3 5 5 5 5 13 4 Very high
Armeria arenaria subsp. peirescii 5 5 2 3 2.5 12.5 5 Very high
Armeria belgenciensis 5 5 2 3 2.5 12.5 5 Very high
Bellevalia trifoliata 3 5 4 5 4.5 12.5 5 Very high
Iberis linifolia subsp. stricta 5 5 1 4 2.5 12.5 5 Very high
Matthiola tricuspidata 3 5 4 5 4.5 12.5 5 Very high
Taraxacum leucospermum 5 5 2 3 2.5 12.5 5 Very high
Achillea maritima 2 5 5 5 5 12 6 Very high
Anthyllis cytisoides 3 5 3 5 4 12 6 Very high
Aristolochia paucinervis 3 5 3 5 4 12 6 Very high
Artemisia insipida 5 5 2 2 2 12 6 Very high
Catapodium hemipoa 2 5 5 5 5 12 6 Very high
Centaurea jordaniana subsp. aemilii 5 5 2 2 2 12 6 Very high
Centaurea jordaniana subsp. balbisiana 5 5 1 3 2 12 6 Very high
Cutandia maritima 2 5 5 5 5 12 6 Very high
Cyperus capitatus 2 5 5 5 5 12 6 Very high
Elatine alsinastrum 2 5 5 5 5 12 6 Very high
Erodium rodiei 5 5 2 2 2 12 6 Very high
Malcolmia ramosissima 2 5 5 5 5 12 6 Very high
Myosotis pusilla 2 5 5 5 5 12 6 Very high
Ranunculus millefoliatus 3 5 4 4 4 12 6 Very high
Riella notarisii 2 5 5 5 5 12 6 Very high
Rumex hydrolapathum 2 5 5 5 5 12 6 Very high
Silene petrarchae 5 5 2 2 2 12 6 Very high
Stachys maritima 2 5 5 5 5 12 6 Very high
Viola arborescens 3 5 3 5 4 12 6 Very high
Centaurium favargeri 3 5 3.5 4 3.75 11.75 7 High
Leucojum aestivum subsp. aestivum 2 5 4.5 5 4.75 11.75 7 High
Ranunculus garganicus 5 4 2.5 3 2.75 11.75 7 High
Silene badaroi 3 5 3.5 4 3.75 11.75 7 High
Teucrium polium subsp. purpurascens 5 4 2.5 3 2.75 11.75 7 High
Acis nicaeensis 5 3 2 5 3.5 11.5 8 High
Allium tenuiflorum 3 5 2 5 3.5 11.5 8 High
Anacamptis longicornu 3 5 2 5 3.5 11.5 8 High
Aquilegia ophiolitica 5 5 2 1 1.5 11.5 8 High
Astragalus epiglottis 3 5 2 5 3.5 11.5 8 High
Cistus crispus 2 5 4 5 4.5 11.5 8 High
Elatine hydropiper subsp. macropoda 2 5 5 4 4.5 11.5 8 High
Genista linifolia 3 4 4 5 4.5 11.5 8 High

Abbreviations: biogeo.= biogeographical, vuln.= vulnerability, artif. = artificialisation.

Table 3
Determination of taxa conservation concerns according to their final scores.

Final score Rank Conservation
concern

Number of
taxa

12≤ final score≤ 15 From rank 1 to
rank 6

Priority 1: very high 37

9≤ final score≤ 11.75 From rank 7 to
rank 18

Priority 2: high 366

6≤ final score≤ 8.75 From rank 19
to rank 30

Priority 3: moderate 374

3≤ final score≤ 5.75 From rank 31
to rank 42

Priority 4: low 136
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one very high concern taxon is a PACA red list least concern taxa (LC):
Senecio leucanthemifolius subsp. crassifolius, a strictly coastal taxon. Low
and moderate concern taxa include 87% of the least concern taxa.
However, an endangered taxon (Diphasiastrum alpinum) and 4 vulner-
able taxa (Allium victorialis, Kalmia procumbens, Lappula deflexa and
Lunaria rediviva) were classified as low concern in our hierarchisation.
They are widely distributed taxa (boreal or Eurasian) occurring in

moderately threatened habitats and moderately artificialised areas. An
edge effect is noticed in our results for strictly coastal taxa, which are
present only at the border of the study area and so obtained high local
rarity and artificialisation scores.

Liguria red list taxa distribution shows a low correlation with con-
cerns defined in our hierarchisation (Table 4). In fact, 75% of critically
endangered and endangered taxa, and 70% of vulnerable taxa are
classified moderate or low concern in this hierarchisation. No Liguria
red list taxon is classified very high concern.

Taxa distribution according to their conservation concern is not
correlated to their legal status. In fact, about 30% of very high and high
concern taxa do not have a protection status, and conversely, all low
concern taxa but two (Corallorhiza trifida and Scutellaria alpina) have a
protection status in France and/or in Italy. More than 40% of protected
taxa in Italy are classified low concern taxa, and no very high concern
taxon is protected in Italy. In this study, about 80% of taxa benefit from
one or several protections statuses. Protected taxa are thus present in all
concern groups, as a direct consequence of the initial selection of pa-
trimonial taxa.

4. Discussion

4.1. Methodological choices

Results from hierarchisation methods can be very different between
two different areas, even geographically close, so the area choice is
critical. It should be defined in a consistent way either on a biogeo-
graphical approach or according to the chosen conservation strategy.
The hierarchisation of all patrimonial species in a biogeographical area
has the advantage of being consistent with the current challenges for
plant conservation, particularly in a biodiversity hotspot where both
endemism and threats are high and should be considered together.

Several hierarchisation or classification methods for fauna or flora
exist; they can be point-scoring methods or categorical methods. To
assess the different criteria, point-scoring methods use either directly
the values of criteria (measured or calculated) (e.g. Freitag & van
Jaarsveld, 1997; Redding & Mooers, 2006; Gaiarsa et al., 2015), or
discrete values (scores) with usually the same range for all criteria (e.g.
Dunn, Hussell, & Welsh, 1999; Sapir et al., 2003; Jiménez-Alfaro et al.,
2010; Crain & White, 2011; Bacchetta et al., 2012). The advantage of

Fig. 3. Distribution of the scores of taxa in the different concern groups. For each concern group, this figure shows how many taxa were scored 1, 2, 3, 4 or 5 for the different criteria.
Abbreviations: biogeo.= biogeographical, vuln. = vulnerability.

Table 4
Number of taxa in each concern group according to their IUCN status in PACA and Liguria
red lists and according to their protection status in France and in Italy.

Conservation
concern

Very high High Moderate Low Total

PACA red list CR 9 27 5 0 41
EN 7 64 19 1 91
VU 11 118 70 4 203
NT 3 56 42 10 111
LC 1 50 217 120 388
RE 0 1 0 0 1
NA 1 14 1 0 16
DD 3 7 7 1 18
Out of PACA
red list

2 29 13 0 44

Total 37 366 374 136 913

Liguria red list CR 0 7 8 14 29
EN 0 8 20 5 33
VU 0 2 4 1 7
LR 0 4 9 3 16
DD 0 3 1 1 5
Out of Liguria
red list

37 342 332 112 823

Total 37 366 374 136 913

Protection status Fr+ It
protection

0 31 58 19 108

Fr protection 25 201 150 31 407
It protection 0 29 92 84 205
No protection
status

12 105 74 2 193

Total 37 366 374 136 913

Abbreviations: CR=Critically endangered, EN=Endangered, VU=Vulnerable,
NT=Near Threatened, LC= Least Concern, RE=Regionally Extinct, NA=non-prac-
tical, DD=Data Deficient, LR= Low Risk, Fr= France, It = Italy.
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the first approach is a better accuracy of scores, and the advantage of
the second one is an easier use for methods including both qualitative
and quantitative criteria, and whose values do not follow a normal
distribution, as it is the case in this study. To combine the different
scores, most of the methods calculate the sum or the average of scores,
which lead to the same ranking, weighted or not (e.g. Millsap et al.,
1990; Sapir et al., 2003; Reece & Noss, 2014; Zhang et al., 2015). Other
calculations are possible, such as multiplication of scores (e.g.
Rodríguez, Rojas-Suárez, & Sharpe, 2004; Redding & Mooers, 2006) or
factorial summarisation of scores (e.g. Jiménez-Alfaro et al., 2010).
Another method to combine criteria is possible, ranking by criteria: all
taxa are ranked with a first order criterion, then with a second order
criterion, and so on until the last criterion (e.g. Gauthier et al., 2010;
Bacchetta et al., 2012). Combining scores in an only priority index is
subject to methodological uncertainties because many different math-
ematical processes are possible. Selected criteria, their weighting, dif-
ferent ways to assess and combine scores can give very different out-
comes (Carter et al., 2000; Jiménez-Alfaro et al., 2010; Reece & Noss,
2014), so we must be attentive in the method choice according to the
study goal.

Four different applications of the Gauthier et al. (2010) method
were already published (Gauthier et al., 2013; Kricsfalusy & Trevisan,
2014; Maciel et al., 2016; Schatz et al., 2014), and all of them adapted
criteria assessment to their specific context. Our approach was also
adapted to match our specific aims and constraints, which are dis-
tinctive features of regional biodiversity hotspots. Regional responsi-
bility is here called biogeographical rarity and takes into account en-
demism (Gauthier et al., 2013), and distribution disjunctions and limits.
Taking into account peripheral populations should not be neglected
because they can potentially present local adaptations enabling them to
better face global changes (Bonin et al., 2007; Crain & White, 2011;
Papuga, 2016). Knowledge improvement through geo-localised ob-
servation data and connecting databases enables a more accurate as-
sessment of the local rarity criterion. Using a randomly placed uniform
grid reduces bias. The habitat vulnerability criterion of Gauthier et al.
(2010) was turned into a threat criterion, adding an artificialisation
criterion, which has a significant impact on the study area (Lhotte,
Affre, & Saatkamp, 2014; Vimal et al., 2012), and whose exponential
increase these last decades is a major concern in urban planning policies
in the European Union (Meiner, Georgi, Petersen, & Uhel, 2010; Virely,
2017). In fact, land consumption due to urban development is a major
concern because they mostly are non-renewable resources: land use
changes to build houses or roads are usually permanent, or reversible
only at very high costs (Ludlow, 2006). Other studies based on this
method chose to use two or three sub-criteria to assess habitat vul-
nerability (Gauthier et al., 2013; Kricsfalusy & Trevisan, 2014). As-
sessment of habitat vulnerability remains delicate and needs an expert
assessment which can be subjective, but bias can be reduced using the
Delphi technique (Hsu & Sandford, 2007; Mukherjee et al., 2015). Fi-
nally, we used the sum of scores summarisation method to give the
same weight to the different rarity and threat criteria, enabling to
highlight in very high and high concerns locally rare taxa, or biogeo-
graphically rare taxa, or threatened taxa.

4.2. Hierarchisation contribution for taxa conservation

This hierarchisation draws up a typology of high conservation
concern taxa, to better understand risks for taxa according to their
rarity kind and threats, in order to implement adapted conservation
actions (Pärtel et al., 2005). In fact, criteria scores reflect rarity or
vulnerability of taxa, giving us a first idea about what to do to preserve
them. The great majority of very high and high concern taxa are locally
rare (94% of these taxa obtained a score of 4 or 5 for local rarity cri-
terion), so this criterion is determining. Nevertheless, other criteria
enable to distinguish two kinds of rarity: some taxa are naturally scarce,
usually adapted to live in reduced and isolated populations (e.g. Acis

nicaeensis), whereas others became rarer following disturbing events
due to human impacts (e.g. Limonium sp.) (Gaston, 1994). Besides being
locally rare, taxa of very high concern are generally threatened by
surface artificialisation. The study area suffered these last decades from
deep socio-economic changes which substantially modified ecosystemic
dynamic tendencies (i.e. Barbero, Bonin, Loisel, & Quézel, 1990). These
serious environment changes led to the rarefaction or even extinction of
several populations. Scores obtained for each criterion will enable us to
target conservation or monitoring actions adapted for each taxon,
taking into account the need for conservation actions, the expected
benefit, the success probability and the cost of conservation actions
(Joseph et al., 2009).

4.3. An approach complementing red lists and protection lists

Differences between red lists status and our hierarchisation results
are mainly due to differences between chosen criteria and between
application areas. Red lists of threatened species are developed to assess
extinction risks of taxa in a given area, and are based on five criteria:
(A) population size reduction, (B) extent of occurrence or area of oc-
cupancy, (C) small population size and decline, (D) very small or re-
stricted population, and (E) quantitative analysis (IUCN, 2012). How-
ever, neither of these criteria report biogeographical rarity (except in
the case of a global IUCN assessment) nor habitat vulnerability. Al-
though threats and local rarity criteria seem quite close to IUCN cri-
teria, hierarchisation results are noticeably different from red lists
outcomes. This difference is more significant for the Liguria red list. In
fact, if 869 taxa (95%) assessed in our hierarchisation are also assessed
in the PACA red list, only 90 taxa (9%) assessed in our hierarchisation
are also assessed in the Liguria red list, due to the geographical dis-
tribution of the study area, shared unevenly between France and Italy.
Consequently, many common taxa in the South-Western Alps reach
their distribution limit in Liguria, where they tend to be rather rare and
threatened. Red lists have the advantage of taking into account the edge
effect and to anticipate taxonomic sensitivity using a data deficient
(DD) category, for little known taxa or controversial taxonomic value
taxa. A hierarchisation carried out in a biogeographical territory, even
as heterogeneous as the South-Western Alps, enables to provide com-
ponents required to implement a long term biogeographical conserva-
tion, whereas red lists face urgency. Finally, red lists cannot be used
directly, but they embody a critical first step before conservation ac-
tions priority-setting (Fitzpatrick et al., 2007; Rodríguez et al., 2004).

These hierarchisation results are not correlated to national or re-
gional protection lists of species in France and in Italy. Gauthier et al.
(2010) also noticed a low consistency between the results of their
hierarchisation and regional protection lists in Languedoc-Roussillon.
In this study, the major part of assessed taxa is already protected, so this
hierarchisation is especially important to define priorities between
those taxa. Conversely, more than half of non-protected taxa are clas-
sified as very high or high concern: highlighting these taxa will enable
to implement efficient conservation measures. The divergence between
protection lists and taxa concern in our study can be explained for
different reasons. Firstly, protection lists were set up more than 20
years ago, and knowledge improved greatly since then, especially in
terms of computing technology, which highlighted the rarity status of
all species. Secondly, protection lists were set up using expert opinion,
whereas our approach was based a standard method. Thirdly, some
species were obviously put on protection lists to protect their habitat,
even if they were not especially rare. Fourthly, protection lists usually
don’t include species growing in agricultural systems. Fifthly, protec-
tion lists considered administrative areas and not a biogeographical
area as we did. Therefore, a lot high or very high concern are not
protected.

If administrative approaches enable to ensure populations’ protec-
tion in a given area, they do not incorporate the global distribution of
taxa. The weakness of administrative approaches is mostly felt around
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the borders, and when study areas are not equally divided between
countries (here for example, 88% of the study area is located in France).
Thus, red lists and protection lists do not provide information about
taxa conservation priorities, because they were not developed for this
purpose. Therefore, hierarchisation of taxa is a complementary ap-
proach which enables to orientate conservation strategies in a trans-
parent way.

5. Conclusion

To focus on a regional biodiversity hotspot matching the distribu-
tion of numerous endemic species, and submitted to high artificialisa-
tion levels, the hierarchisation method must be improved in order to
take into account the two most important parameters. In this context,
we classified taxa into concern priorities to best allocate available re-
sources for conservation actions for patrimonial taxa. This hier-
archisation is versionable and progressive with knowledge improve-
ment and land cover changes, and will be regularly updated. The
discrepancy between our approach and red lists and protection lists
highlights a strong requirement to implement a strategy taking into
account the cross-border context, with shared information and data
standards. In this context, our results show an important need for a
collaborative work between countries and regions for an efficient
conservation of patrimonial flora, especially those not listed in the red
lists and protection lists. It is important to keep in mind that no hier-
archisation system can give the « right answer » for all taxa or all users,
whatever the number of included criteria or the way to combine them.
Differences between categorisation systems are less important than the
need to implement these processes, as long as objectives are well de-
fined, to develop strategies to make conservation actions more efficient
(Dunn et al., 1999). In this way, we used a standard and robust method,
already used in different contexts around the world, and strengthened it
in considering the parameters enabling to define a biodiversity hotspot:
endemic species richness and habitat loss risk.
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