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. We introduce the database of European vascular plant red lists, a compilation of red list

. categories designated to taxa during in-country conservation assessments. Version 1.0 of

. the database is a standalone static dataset with open access in an end-user friendly format.

. Its aim s to fulfil the objectives of European Cooperation in Science and Technology (COST)

. Action 18201, ConservePlants. The database synthesizes data across 42 red lists from 41

. countries, with participation of 39 out of a total of 44 European countries and two additional

. Mediterranean countries. The database contains 51,109 records representing 21,481 original
: taxonomic names with 37 different red list categories. During data harmonisation, 20,312 of
. the original taxonomic names were assigned to 17,873 unique accepted taxonomic names

© with scientific authorships across 184 families, 1650 genera and 15,593 species; and red list

. categories were standardised to 13 unique categories. We see this database as a source of

. information in diverse plant conservation activities and suitable for various stakeholders.

. Background & summary

. The European vascular flora is estimated at more than 20,000 species, with the highest diversity concentrated
: on the Iberian, Apennine and Balkan Peninsulas"?. Although the European flora represents ~5.7% of the global
- plant diversity, 44.9% are estimated to be threatened with extinction within Europe? and this number is similar
. to the recent global level predictions for extinction risk®. One of the main aims of plant conservation is the eval-
© uation of the extinction risk of each taxon through a conservation assessment and assigning a red list category to
. reflect its conservation status*. This process is widely referred to as threat assessment in determining the threat
. status. This framework was first established in 1964 by the International Union for Conservation of Nature
. and has become the globally accepted method for assessing the extinction risk of a taxon (IUCN, https://www.
. iucnredlist.org/about/background-history). Its guidelines are applied in conservation assessments at different
: geographical levels, but they all essentially aim to determine how close a taxon is to being extinct: global, con-
. tinental, regional, national and sub-national. Globally, biodiversity is declining at an unprecedented rate, and
© conservation assessments have become the most important source of information to produce the Red List Index
© (RLI) used for monitoring the aggregated or overall extinction risk of taxa over time®. The index indicates a rate
: at which the taxa move towards or away from extinction risk. The IUCN uses a series of numerical thresholds,
. based on measurements of taxon abundance and decline, to assess the risk of extinction of a particular taxon
© and assign a conservation status using a red list category. The criteria rely on taxon data such as population size,
© trends in population growth, geographical distribution, and threats to the taxon or its habitats, etc’. There are
. 9-11 red list categories in the wider global to sub-national usage to identify how close a taxon is to extinction.
. Taxa in Critically Endangered (CR), Endangered (EN) and Vulnerable (VU) categories are collectively described
© as “Threatened’ with a high risk of extinction. Although most European countries used the IUCN standards for
: conservation assessments, this is not the case for all countries. Some relied on older versions of red list catego-
- ries’ (e.g., Malta — “Rare”), used criteria intended for global assessment and not for national level® or slightly
. adapted the existing categories or created entirely new categories (e.g., Slovenia - O1 as a subcategory of the old
© “Out of danger”).

: There are several inconsistencies in threat assessments between countries, hampering efforts to assess mean-
. ingful trends across countries or to create a unified list for Europe. Significant gaps exist in the availability

: #Afulllist of authors and their affiliations appears at the end of the paper.
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of biodiversity data among European countries which leave space for potential biases when prioritising con-
servation assessments’. Sometimes, national red list documents are difficult to access, being available only in
national languages or printed in a limited number of hard copies that are unavailable digitally or online. National
red lists are often tailored to local contexts, considering specific ecological, geographical, and socio-economic
factors. As a result, there are different approaches to red listing, e.g., using IUCN criteria, developing their
own-criteria, focussing on a limited number of taxa, etc!?. Due to the dynamic nature of taxonomy, if the red
list is older, it is more likely the listed taxonomic names are outdated and not reflect the current taxonomic con-
cepts. Additionally, older red list assessments may no longer accurately reflect the current conservation status
of taxa, especially those previously assessed through expert judgement or using outdated or opportunistic data,
necessitating re-assessment. Consistent and continuous biodiversity data collection and monitoring are linked
to strong economies, which can afford to invest in nature conservation'!. Poorer economies, like countries of
the Balkan Peninsula, harbour the most taxa-rich floras in Europe!?, but lack resources to support conservation
assessments'®. Economic differences further widen the gap due to lack of resources and in-country experts to
conduct the red listing process'*. In Europe, there are laws, policies, strategies, conservation reports, national
action plans (e.g., EU Biodiversity Strategy, National Biodiversity Action plans, etc.) and country-level laws, but
their successful implementation lags behind for most countries'>~"”. In the same context, red lists play a similar
role, primarily serving as informative tools for conservation management practices, as they typically do not
entail direct legal consequences*. The overall inconsistent and scattered commitments inevitably lead to consid-
erable tardiness of critically important conservation measures.

With the simple but pertinent aim to improve plant conservation in Europe through a network of interested
stakeholders, the European Cooperation in Science and Technology (COST) Action 18201 - ‘An integrated
approach to conservation of threatened plants for the 21st Century’ (ConservePlants, https://www.conserve-
plants.eu/en/) was established in 2019. Within Working Group 3 (WG3) of ConservePlants, the main aim was to
help fill the gaps in plant conservation by creating a unified list of red listed vascular plant taxa in Europe which
have had a conservation assessment at country or sub-country level with their designated red list categories and
presenting it in a user-friendly format as a database.

The objective of our work was to develop a database for European vascular plant red lists and make the data
easily accessible and usable. Databases are becoming an increasingly necessary and more commonly used search
tools to make sense of plant extinction risks, conservation efforts, and measures'® (e.g., ThreatSearch database
hosted by Botanic Gardens Conservation International, https://tools.bgci.org/threat_search.php). Whilst differ-
ences in human and financial resources and implementation of conservation policies remain ongoing challenges
between regions in Europe, we envision such a database will be a pivotal tool to analyse and evaluate the status of
plant conservation in Europe and will hence serve to fill some of the gaps in nature conservation.

Methods

We developed a stage-by-stage custom workflow, from data compilation to the final database product (Fig. 1).
The static version of the main dataset and the accompanying technical validation dataset are both available via
figshare repository (10.6084'" and 10.6084%).

Data compilation. We targeted the most up-to-date original data sources (vascular plants red lists and red
data books), as this increases data quality and robustness. These were either provided by COST Action members
or gathered by lead authors directly. Most of the red lists were acquired from January to September 2021 and the
process was concluded in March 2023. Data were compiled from original digital documents in pdf format, data
extracts of originals as MS Excel spreadsheet or MS Word documents, URL/DOI for web pages, online databases
or published articles, and hard copies of books, journals and reports. Data for some countries were compiled from
multiple sources, as more recent published assessments were available but had not been included in the country’s
main red list (e.g., Italy, Ukraine, Lebanon) (Supplementary Table S1). We obtained a total of 42 red lists from
41 countries, with participation of 39 out of a total of 44 European countries?'7°. Two additional countries were
COST Action observers from the Mediterranean, Israel and Lebanon. Belgium does not have a national red list
but has provided two red lists for Flanders and Wallonia regions, which together cover the entire country. The
red list of Ireland covered the flora of the entire island as a single biogeographic unit. For some European coun-
tries, the red lists are either absent, include a handful of taxa, or only partially represents a country’s geographic
range. For example: Bosnia and Herzegovina (BiH) has a partial red list, including the Federation of BiH, but not
Republika Srpska; Montenegro does not have a red list, Serbia’s red book only included taxa of CR, Regionally
Extinct (REX) and Regionally Extinct in the Wild (REW) red list categories and North Macedonia is in the pro-
cess of preparing a red list, and had a very small number of taxa assessed, hence we did not include it (Fig. 2).
From the red book of Serbia, produced in 1999, we removed taxa belonging to the Republic of Kosovo, which
separated from Serbia in 2008. Taxa removed from Serbia’s red list were not added to the Republic of Kosovo red
list*”. We used common ontology when describing plant taxonomy or data related to conservation assessments.
The red lists consist of varying information. Some are only listed with a taxonomic name (genus level and beyond)
and a red list category. Taxonomic names in some are listed with scientific authorships and higher taxonomic lev-
els such as Family, Order, Class, etc. The red list categories have substantial variation among countries, with a total
of 37 categories adopted by individual countries besides the official IUCN categories (Supplementary Table S2).
Several countries used IUCN national red listing categories. Some countries devised their own categories (e.g.,
Latvia, Germany), used outdated IUCN categories (e.g., Romania, Slovenia, Malta), modified old or new IUCN
categories to fit the country’s objectives (e.g., Slovenia). Nowadays, there is an unspoken consensus on the use
of the TUCN red listing system as the key authority in this field. The differences we observed in conservation
assessments were mainly associated with the publication date of a red list - some were produced twenty and more
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Fig. 1 Custom workflow of database development. Ellipsoids show the output while rounded edges rectangles
show processes of our database creation. Abbreviations: Plants of the World Online (POWO), World Flora
Online (WFQO), Taxonomic name backbone (TNB), International Union for Nature Conservation (IUCN).

years ago — when a consensus on red listing and the strict adherence to assessment using IUCN criteria was not
yet established.

Data preparation. The data compiled from sources (red lists, books, etc.) were regarded as original, and
any subsequent changes, like data cleaning either to improve accuracy or data harmonizing, were treated as revi-
sions. Data preparation, for each country, involved transforming data extracted from sources (Supplementary
Table S1) into Microsoft Excel”! spreadsheets and a rapid session of data cleaning to correct obvious mistakes in
spellings and taxonomic abbreviations. Each spreadsheet had two columns of data. The first column captured the
taxonomic name from genus to infraspecific epithet level. We excluded taxonomic names that are listed without
a red list category; taxonomic levels below the infraspecific epithet (e.g., text in bold is removed, Scilla bifolia
subsp. spetana var. magnomoravica); artificial hybrids of two distinct genera or intergeneric hybrids; aggre-
gate or closely-related taxa that are challenging to distinguish into singular taxon and kept together for practical
purposes; taxa that are described in a broad sense (e.g., sensu lato); some taxonomic ranks below the genus, but
above the species level (e.g., Section); genera without species epithets (e.g., Orchis sp. or Orchis spp.); duplicated
taxa, where the duplicate has the same or lower red list category (we opted to keep the higher red list category in
the database) and any taxa not given in Latin. Handling nomenclature autonyms, i.e. taxa for which the species
epithet is repeated in infraspecific epithet (e.g., Odontarrhena nebrodensis subsp. nebrodensis, Lobelia spicata var.
spicata) was complex as some red lists included both the species and autonym while others included the auto-
nym. According to the International Code of Botanical Nomenclature (Accessed October 2022 to March 2023,
https://www.bgbm.org/iapt/nomenclature/code/SaintLouis/0001ICSLContents.htm) autonyms at this level are
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Fig. 2 National red lists of the European vascular flora included in the database. For countries in red colour,

the national red list was available and included in the database. For Serbia (orange), only the national red list for
taxa classified as regionally extinct or critically endangered is available. We compiled regional red lists for the
Federation of Bosnia and Herzegovina and Flanders and Vallonia (yellow). In North Macedonia and Lebanon,
the national red lists were in progress (green). For North Macedonia, we did not include any data in the database
as only a few taxa were assessed; in the case of Lebanon, we included the available taxa in the assessment.

automatically established at the first instance of valid publication of a name of an infraspecific taxon that includes
the type of the adopted, under a legitimate species name. As a result, autonyms are not followed by an author
citation. It was out of scope for this study to check whether the subordinate taxa which established the autonym
had been validly published.

The second column of each country’s spreadsheet captured the red list category, taken directly from the
sources, with a few exceptions where we revised them. For example, if countries used the categories Extinct
(EX) or Extinct in the Wild (EW) to describe taxa that were nationally EX or EW, we assigned them with the
appropriate national categories, RE or REW, after checking the taxa distribution in EuroMed database (Accessed
October 2022 to March 2023, https://europlusmed.org/). In a few cases, countries assigned two distinct IUCN
categories to a taxon (e.g., Czech Republic, Scilla bifolia subsp. spetana, CR/EN), implying there is not enough
data available to determine which one. In such cases, we retained the highest category; for this example, CR
(Supplementary Table S2).

There were 19 national red lists where taxonomic names were listed without scientific authorships. To include
those lists into the database and enable use for analyses across countries, we had to assign the correct scientific
authorships to their taxa and harmonize the taxonomic names across all red lists. To ensure a uniform approach
to handling taxonomic names across all red lists, we opted to exclude scientific authorships from the remaining
red lists that originally included them. We then assigned correct scientific authorships to taxa in all red lists
using a reliable Taxonomic Name Backbone (TNB). This process is described in more detail under the section
“Identifying the taxonomic name backbone”
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Column name Description

Database ID Unique database identification number assigned to each record

Country Name of country or biogeographic unit (e.g., Island of Ireland) to which the red list belongs to
Sub-country Region within country (relevant only for Belgium)

Kingdom The plant kingdom as Plantae

Family-original taxonomic name Family of the original taxonomic name (i.e., taxonomic name extracted from countries’ red list)
Original taxonomic name Taxonomic name extracted from countries’ red lists

Taxonomic name backbone (TNB) used to determine the most up-to-date taxonomic status - and to establish accepted

Name backbone used taxonomic name with scientific authorships (POWO - The Plants of the World Online; WFO - World Flora Online)

Life Sciences Identifier (LSID)-accepted Unique identifiers assigned by International Plant Names Index (IPNI) to identify each taxonomic name. In the absence of
taxonomic name LSID, unique identifier of the record.
Family-accepted taxonomic name Family of the accepted taxonomic name assigned by authors using summarised TNBs and confidence levels

Accepted taxonomic name without authorships | Accepted taxonomic name without scientific authorships assigned by authors using summarised TNBs and confidence levels

Authorships-accepted taxonomic name Scientific authorship for accepted taxonomic name assigned by authors using summarised TNBs and confidence levels
Accepted taxonomic name with authorship Concatenation of accepted taxonomic name with scientific authorships above

Confidence level Level of precision for assigning an accepted taxonomic name with scientific authorship

Confidence level description Detailed description of confidence level determination

Red list category Red list category listed in original red lists

Red list category harmonized to reflect the currently valid IUCN regional red listing categories (IUCN 2012). The

Standardized red list categories harmonisation process is described in Supplementary Table S2.

The original source from where the data were extracted (e.g., book, article, report, website, etc.). Where applicable, references

References were translated to English. References are available in the original and English language in Supplementary Table S1.

Table 1. Summary of database columns.

Data consolidation and cleaning. The subsequent processes of data handling, cleaning, formatting,
and checking for accuracy of taxonomic names were performed using Microsoft® Access® for Microsoft 365
Microsoft Office software’. A total of 42 datasets from 41 countries were merged into one file with four col-
umns to capture the name of the country, where applicable also the region of the country to which the red list
belongs, original taxonomic name, and red list category. Each record was then assigned with a unique database
Identification number (ID). The data cleaning process for taxonomic names was extended to correct or remove
obvious mistakes in spelling, capitalization, abbreviations, hybrid sign, non-Latin attributes, diacritics, hyphen-
ated epithets or vice-a-versa, and misapplied gender (e.g., epithet does not agree with the gender of genus). This
step resulted in transforming the dataset to a consistent format enabling the subsequent data matching process
through checking the accuracy of taxonomic names with widely used nomenclature and/or taxonomic databases.
The data cleaning process was repeated whenever we found an error on extracted original data, until the final
database was established.

Red list categories harmonization. Due to the high variability in red list categories, harmonizing
them to the current IUCN categories while maintaining their integrity, i.e. not changing the intended con-
servation status, was essential. We followed the most recent IUCN national red listing guidelines'®. We also
consulted previous IUCN publications on red listing®-324-2¢73, unique red listing categorizations adopted by
individual countries, and COST Action country representatives to propose harmonization of certain catego-
ries (e.g., for Latvia, Germany and Malta which had their own categorization; for other countries that used

the old TUCN category R - rare, etc.). The output of category harmonization is available in Supplementary
Table S26:823:24.26,31-33,35-39.41,43,46,48,51-54,56,59-61,66,69,7475.

Identifying the taxonomic name backbone. Various nomenclatures were applied by countries to record taxo-
nomic names in red lists, as they relied on a wide range of references, current or outdated. This resulted in coun-
tries’ red lists having not only different taxonomic names, but also sometimes different scientific authorships
for essentially the same taxon, and some countries lacking scientific authorship all together. To resolve this,
harmonizing the taxonomic name usage among datasets to ascertain their accuracy was essential. To accomplish
the harmonisation of taxonomy, we needed a plant taxonomic name backbone (TNB), i.e. a database contain-
ing the most up-to-date and comprehensive list of world’s vascular plants flora with taxonomic names with
their scientific authorships and taxonomic status (e.g., Accepted, Synonym, Unplaced, etc.). We identified two
TNBs which are regularly curated, widely used, and available online. The Plants of the World Online (POWO,
Accessed October 2022 to March 2023, https://powo.science kew.org/) was chosen as the primary TNB and the
World Flora Online (WFO, Accessed October 2022 to March 2023, https://www.worldfloraonline.org/) as the
secondary TNB. These databases document the world’s flora by family, taxonomic name, scientific authorities,
taxonomic status along with references. We used these databases to verify the accuracy of taxonomic names
in the dataset and to establish accepted taxonomic names with scientific authorships and families. The TNBs
used evolve at a fast pace and therefore, the taxonomic names used for the matching of the red lists reflect only
a certain point in time (day, month, and year when we accessed the data). This implies some taxa statuses may
have changed since then, i.e. may have been allocated a different scientific authorship, and/or taxonomic status.
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Fig. 3 Number of records per country.

In rare cases, in the absence of a taxonomic name in both POWO and WFO, or when there was conflicting
evidence between the two, we also used the International Plant Names Index (IPNI, Accessed October 2022 to
March 2023 https://www.ipni.org/), as an authoritative source of objective nomenclature data which collects,
combines and indexes nomenclatural acts (including spelling, author(s), type(s), place and date of publication)”®.

Establishing confidence levels. Matching the taxonomic name alone to accepted taxonomic names with scien-
tific authorships in TNBs was not sufficient to complete the database. For instance, there are situations where a
particular taxonomic name has multiple records in TNBs and each with different scientific authorships linked
to different accepted taxonomic names, representing dissimilar taxon identities (e.g., Salsola oppositifolia Desf. -
synonym of Soda oppositifolia (Desf.) Akhani; Salsola oppositifolia Pall. - synonym of Petrosimonia sibirica (Pall.)
Bunge; and Salsola oppositifolia Sieber ex Moq. - synonym of Soda longifolia (Forssk.) Akhani). Therefore, we
established an approach with confidence levels, denoting the precision level of assigning an accepted taxonomic
name to a taxonomic name from the red lists in the absence of its scientific authorship. First, each individual
taxonomic name listed on TNBs, from species to infraspecific epithet level, was extracted in a table with vari-
ous summary counts. Each summary count included the total numbers of records, the number of records that
are identified as accepted, synonym, artificial hybrids, local biotype, unplaced/unchecked, illegitimate, invalid,
misapplied, or orthographic, the number of different accepted names and the number of records linked to the
same accepted name.

The next step was to allocate the confidence levels to each taxon in summarised table. Three confidence levels
(HIGH, MEDIUM, NONE with precision levels from 100%, >75-<100% to 0%, respectively) were established
depending on the nature of summary counts, and how easy or complex to assign accepted taxonomic names with
scientific authorships. Whilst setting confidence levels for some taxonomic names was straight forward (e.g.,
HIGH: one accepted name; NONE: one name not linked to an accepted name) others were more complex and
required reviewing the summary counts (e.g., HIGH: two or multiple names but all shared the same accepted
name; MEDIUM: two names, one accepted and the other is a synonym which is linked to a different accepted
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Fig. 4 Distribution of confidence levels across countries.

name; MEDIUM: two names, one accepted and the other is not linked to an accepted name; NONE: multiple
names linked to different or without accepted names). Taxonomic names estimated with HIGH and MEDIUM
confidence levels were allocated with accepted taxonomic names with their scientific authorships and family.
Those with confidence levels of NONE were left blank. The category ‘not applicable’ was assigned to unmatched
taxonomic names. For accepted taxonomic names we also extracted the Life Sciences Identifier (LSID) assigned
by International Plant Names Index. In the absence of LSID, we extracted the unique identifier of the record.

The following examples illustrate various scenarios of reviewing summary counts and how confidence levels
were set when summarising POWO (2022) records. To capture all these scenarios, we used a methodical and
step by step approach by setting up a series of queries in Microsoft® Access® software’.

1. HIGH - 100% precision:

a. Only one record in TNB and it is an accepted taxonomic name.
e.g., Syzygium cartilagineum Merr. & L.M.Perry is an accepted name.

b. Only one record in TNB which is not accepted but linked to an accepted name.
e.g., Litsea macrocarpa Blume is a synonym of Nothaphoebe macrocarpa (Blume) Meisn. which is an
accepted name.

c. Multiple records in TNB but all are linked to the same accepted name.
e.g., Polygonum natans Hegetschw., Polygonum natans Gueldenst., and Polygonum natans Eaton are
synonyms of Persicaria amphibia (L.) Delarbre which is an accepted name.

d. Multiple records in TNB, one is an accepted name, and others are linked to the accepted name.
e.g., Crotalaria alata Buch.-Ham. ex D.Don is an accepted name. Crotalaria alata H.Lév. and Crotalar-
ia alata Roxb. are synonyms of Crotalaria alata Buch.-Ham. ex D.Don.

e. Local or singular biotype.
e.g., Hieracium diodontum (Stenstr.) Omang

f. Artificial hybrids.
e.g., Viola x wittrockiana Gams

g. When taxonomic names are validated against references or confirmed by in-country experts.

2. MEDIUM - >75-<100% precision:

a. Two records in TNB, one is an accepted name, and the other is linked to a different accepted name,
but we assumed that the name is referring to the accepted name.
e.g., Carex furva Webb is an accepted name but Carex furva (L.H.Bailey) Piper is a synonym of Carex
praticola Rydb.
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b. Two records in TNB, one is an accepted name, and the other is not linked to an accepted name, but we
assumed that the name is referring to the accepted name.
e.g., Dianthus floribundus Boiss. is an accepted name but Dianthus floribundus Sennen is an unplaced
name.

3. NONE - 0 precision:

a. One record in TNB but without an accepted name.
e.g., Rhaponticum scariosum Lam. is an unplaced name.

b. Multiple records in TNB, some are unplaced, some linked to different accepted names, or some are
not linked to accepted names, etc.
e.g., 13 records - Rosa collina Raf., Rosa collina Godet, Rosa collina Schrank, Rosa collina Boreau, Rosa
collina Déségl., Rosa collina DC., Rosa collina Cariot, Rosa collina ].B.Keller, Rosa collina M.Bieb., Rosa
collina Dumort., and Rosa collina Sabr. are unplaced names, Rosa collina Sm. is synonym of Rosa sty-
losa Desv. and Rosa x collina Jacq. is synonym of Rosa x alba L.

Matching taxonomic names and data cleaning. The summarised table for each TNB included data
columns to capture unique list of taxonomic names (without scientific authorships) and their family, assigned
confidence levels and their descriptions, accepted taxonomic names and their family and LSID (or unique iden-
tifiers of the record), and corresponding summary counts. Data column containing the unique list of taxonomic
names was matched against those in red lists, first using summarised table of POWO and then any unmatched
names with WFO. Whilst a wide range of online tools are available for checking the accuracy of taxonomic names,
we used an alternative and methodical approach using a set of Microsoft® Access®”> SQL queries. This approach
enabled to review results at each step and made decisions either to progress to next step, improve the algorithms
used for matching or go through a cycle of data cleaning.
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Tr(igosl%m Euphorbia Pilosella Saxifraga

(346) (315) (315)

Taraxacum
(1117)

Campanula
(351)

Festuca Alchemilla Veronica
(467) (465) (442)

Hieracium
(1615)

Ranunculus Centaurea
(716) (526)

Fig. 6 Number of records per genera. Only 20 genera with highest number of records are visualized.

When there was an exact match, associated confidence levels and taxonomic data (e.g. families, accepted
taxonomic names and their scientific authorships and LSID) were extracted from TNBs and combined with red
list data. When exact matching was failed, the fuzzy matching was done up to two-character difference at the
beginning or end of the string to check the alignment. These were done in increment by adding genus, species
epithet, infraspecific rank and intraspecific epithet, to track at which stage the mismatch was introduced. Fuzzy
matches were checked on a record-by-record basis, inaccuracies were resolved manually and the matching pro-
cess was then repeated.

Unmatched names went through cycles of data cleaning to maximize the taxonomic name matching pro-
cess with TNBs. To investigate likely causes for mismatches, additional resources were used to find and correct
inaccuracies of taxonomic names e.g., the IPNI, Euro + Med Plantbase, Global Biodiversity Information Facility
(GBIF https://www.gbif.org/) and Tropicos (https://www.tropicos.org/home).

We have endeavoured to make the database as comprehensive as possible to facilitate future improvements
[10.6084]"°. We have retained taxonomic names falling to either matched but with a confidence level of NONE’
or unmatched (not found a match with TNB) without excluding them. Confidence levels were not applicable for
unmatched taxonomic names.

Data Records

The static version of the dataset is freely available via figshare repository [10.6084]", with this section being the
primary source of information on the availability and content of the data being described (Table 1). Technical
validation of the database is also freely available via figshare repository [10.6084]%, with section ‘Technical val-
idation’ being its primary source of information.

Our database is a comprehensive overview of red listed vascular plant taxa from almost all European coun-
tries (39 out of 44) and two countries outside of Europe but in the Mediterranean. Data for each country is
presented in rows with a unique database ID and amounts to 51,109 records containing 21,481 revised original
taxonomic names (Fig. 3). There was a notable difference between the number of records and taxa, as same taxon
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appeared on multiple red lists due to its distribution range across countries. Data records per country ranged
from 84 (Iceland) to 5537 (France). Using confidence levels, we assigned accepted taxonomic names with sci-
entific authorships and families to 20,312 of the original taxonomic names across 47,701 records: 43,204 with
HIGH and 4497 with MEDIUM precision. However, 3411 records with >1000 original taxonomic names were
not assigned with accepted taxonomic names: 3033 with NONE precision; and 378 records where precision was
‘not applicable’ as taxonomic names of red lists were not matched with TNBs. Overall, there are 17,873 unique
accepted taxonomic names from 184 families, 1650 genera and 15,593 species. Across countries, the distribu-
tion of confidence levels highlighted a similar pattern; the majority of records from red lists were assigned with
HIGH confidence level, followed by MEDIUM (Fig. 4). When exploring the records attached with accepted
taxonomic names, 12 families represented 61% of the list (Fig. 5; number of records and taxa in brackets, respec-
tively): Asteraceae (7397, 4194); Poaceae (3245, 876); Rosaceae (2627, 1160); Fabaceae (2383, 923); Brassicaceae
(2195, 896); Caryophyllaceae (2092, 887); Cyperaceae (1925, 329); Lamiaceae (1655, 751); Orchidaceae (1527,
247); Apiaceae (1506, 511); Ranunculaceae (1454, 527); and Plantaginaceae (1174, 344). The six most recorded
genera are (Fig. 6; number of records and taxa in brackets, respectively): Hieracium (1615, 1355); Carex (1225,
227); Taraxacum (1117, 706); Ranunculus (716, 271); Rubus (696, 460); Centaurea (526, 379).

Technical Validation

To prove the accuracy of assigning MEDIUM and HIGH confidence levels, we extracted, respectively, eight and
two records of said confidence levels for each country. The records were extracted manually and as randomly as
possible. We verified their taxonomic identities following two methods: (i) by sending the records to respective
COST Action country representatives, so that experts could check the accuracy by referring to original refer-
ences such as taxon publication or an established country flora, (ii) by checking ourselves against red lists or
countries checklists of vascular plants, where scientific authorships are listed. The table sent to experts contained
columns already completed by us (name of country, revised original taxonomic name from the national red list,
accepted taxonomic name with scientific authorships assigned by us, and confidence level), and columns to be
completed by the recipient if there is a disagreement (technical validation i.e., scientific authorship to original
taxonomic name, reference and URL if available). The validation process was done for 40 countries and 41 red
lists. One country was excluded from the validation process, Moldova, as we have not received a response or
not found a suitable resource to conduct validation against (e.g., plant checklist, as the country red list did not
contain scientific authorships).

In total, we performed technical validation for 317 MEDIUM and 91 HIGH confidence level records®. The
technical validation dataset is available via figshare repository [10.6084]%°.Discrepancies between the scientific
authorships assigned by us appeared for a total of 36 records, i.e. 8.82% of the validated records. Out of those,
18 were of HIGH confidence level and 18 were of MEDIUM confidence level. Thirty-one had minor disputes,
often where the red list or national flora used as a reference was an older document and there was a discrepancy
with TNBs (historic versus current alternative taxonomies). For all these cases we selected scientific authorships
provided on TNBs, containing the most up-to-date references. We had five slightly more complex disputes,
1.22% of the whole sample. The technical validation confirmed 99.26% of success (91.18% in agreement with
methodology without a dispute +8.08% the evidence supported methodology over dispute) in our approach.

Usage Notes
The database is presented in an end-user friendly spreadsheet format and open to revision by interested parties.
The dataset is available for download as a flat csv file from the figshare repository [10.6084]' and have no restric-
tion on re-use. Using columns ‘Accepted taxonomic name with authorship’ and ‘Country’ or ‘Sub-country, data
can be joined to other external data sets. As the TNBs used for this study evolve on a day-to-day basis and the data-
base is static, the users must take extra care when addressing nomenclature disputes on integrity of accepted taxo-
nomic names and their scientific authorships. We welcome reporting possible errors to the corresponding author.
We anticipate several uses of this database, primarily as a useful ‘One Stop Resource’ for red listed plants, in
particular for the most threatened (CR, EN and VU) in Europe and the Mediterranean. The database provides
data for comparative analysis at taxon or family level to explore trends across Europe, individual or groups of
countries or habitat types.

Code availability
No custom code has been used to produce this database.
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